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Abstract 
This article is focused on the various aspect of liposomal formulation, which includes its mechanism of formation, 
characteristics, and application for various therapeutic purposes. Liposomes are most widely investigated by researchers as a 
drug carrier, because of its biocompatible and biodegradable characteristics, which make it a non-toxic carrier and a good 
candidate for drug carriers in the treatment of disease. It is composed of phospholipids bilayer vesicles, which favor the 
encapsulation of both hydrophobic and hydrophilic drugs. Numerous improvements have been done in the development of a 
liposomal formulation for the use of drug carriers in the treatment of disease, mainly in cancer therapy, gene transfer, 
immunomodulation, and topical therapy. The liposomal formulation has been a success as a drug carrier, which is reflected 
by the commercial products available in markets and underlying clinical trials. 
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INTRODUCTION 
Liposome was first discovered by Alec Douglas Bangham, 
a British hematologist in 1961 at the Babraham Institute, 
in Cambridge, England. He published his work in 1964. 
They were discovered when A.D. Bangham and R.W. 
Horne was testing a new electron microscope in the 
institute with a dry phospholipid and gram-negative stain. 
[1] They found the ‘‘Bag Like’’ arrangement formed
automatically, which was names as “multilamellar smectic
mesophase” or “Banghasomes” by A.D. Bangham. It was
his close colleague Gerald Weissman, who suggested
these phospholipid bilayer vesicles to be more users
friendly, termed as Liposome. [2]
They found that on the hydration of phospholipid, it
results in the formation of phospholipid bilayer vesicles,
which resemble the structure of the cell membrane. Later
on, it becomes a wide research component by scientists for
the drug delivery system because of its biocompatibility
and its capability to entrap both hydrophilic and lipophilic
drugs. In 1974, Gregoriadis et al. proposed the use of
liposomes in chemotherapy, and liposome was considered
as a good candidate because of safety, size controllability,
and easy functionalization. [3] The study of polyethylene
glycol long-circulating liposomes begun in 1990. [4]
Because PEG-protein conjugation has improved the half-
life of protein, so the researcher has begun to conjugate
PEG to liposomes to prolong its half-life. [5] The
development of long-circulating PEG-liposomes is a major
advantage in drug delivery, especially in cancer therapy.
Kim et al. has shown that PEG-liposome has improved
efficacy, safety, and in-vivo stability as compared to the
conventional delivery system. [6] PEG can help its escape
from the reticuloendothelial system and reduce its
distribution to different organs of the body. Hence,
reducing the toxicity of cytotoxic drugs. Liposomes are
gaining their popularity due to their contribution to varied
areas like drug delivery, cosmetics, and the structure of the
biological membrane. [7]
Liposomes are a term derived from the Greek word: where
‘Lipos’ meaning ‘fats’ and ‘Somas’ meaning ‘body’. A. D.

Bangham first described liposome in 1964 with his 
colleagues. His close colleague Gerald Weissman 
suggested the term “liposomes”, which he defined as 
“microscopic vesicles composed of one or more lipid 
layer”. Liposomes are colloidal particles formed when a 
phospholipid is hydrated in access to water, resulting in 
the formation of liposomes of size ranging from 0.01-0.5 
µm in diameter. The creation of liposomes has been one of 
the most important novel drug delivery systems and most 
studied by researchers because of its biocompatibility and 
biodegradability. Liposomes have gained lots of interest in 
advanced drug delivery as a carrier, the advancement of 
liposomal research is also because they mimic biological 
membrane which makes them more versatile for study in 
various fields. [8] They consist of an aqueous core 
entrapped by one or more phospholipid bilayer composed 
of natural or synthetic phospholipids. Liposomes, which 
are composed of a natural phospholipid, are non-toxic, 
non-immunogenic, and biologically inert. Both 
hydrophilic and lipophilic drugs can be transported 
therein. Drug targeting can also be achieved by surface 
modification, making it more localized to target disease 
tissue. [9] 
Liposomes, due to their biphasic environment, can act as a 
carrier for both hydrophilic and lipophilic drugs. Highly 
hydrophilic drugs (log P <-0.3) are located exclusively in 
an aqueous domain, whereas lipophilic drugs (log P>5) are 
entrapped within the lipid bilayer of the liposomes. Drug 
with intermediary partition coefficient, i.e.1.7 (log P<4) 
imposes a problem for drug loading as they equilibrate 
between the lipid and aqueous layer and are prone to an 
appreciable degree of leakage on storage. [10] 
Naturally, phospholipids occur in two layers (bilayer) 
where hydrophilic polar heads are attracted to water inside 
and outside the membrane, whereas the lipophilic 
hydrocarbon tail is attracted to each other to form a 
bilayer, as they are repelled by water to form a surface 
away from water. The hydrocarbon tail of one layer faces 
the hydrocarbon tail of another layer to form a bilayer. 
When the phospholipid bilayer disrupts it forms a sphere 
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smaller than a normal cell, it may be monolayer or bilayer. 
The monolayer spheres are micelles and the bilayer sphere 
is liposomes. Liposomes are composed of naturally 
derived phospholipids such as Egg 
phosphatidylethanolamine or pure surfactant component 
like DOPE (Dioleoyl-phosphatidylethanolamine). [11] 
 

 
Fig. 1: Structure of liposome 

 
Advantages of liposomes 
There are many drugs in the market, which have good 
therapeutics activities, but they are used in the dearest 
situation, because of their poor pharmacokinetics and 
pharmacodynamics activities. Drugs encapsulated in 
liposomes can be used regularly, as its pharmacokinetics 
and pharmacodynamics can be controlled. [12] Some of 
the advantages of the liposome are as follows;  

1. Provides selective passive targeting to tumor tissues 
(Liposomal doxorubicin). 

2. Increased efficacy and therapeutic index. 
3. Increased stability via encapsulation. 
4. Reduction in toxicity of the encapsulated agents. 
5. Site avoidance effect. 
6. Improved pharmacokinetic effects (reduced 

elimination, increased circulation lifetimes). 
7. Flexibility to couple with site-specific ligands to 

achieve active targeting. 
Disadvantages of liposomes 
All drug delivery system has faults, same is the case of 
liposomes. As liposomes are required to enhance and 
increase the efficacy of drugs, the cost as well as all the 
other implications thereof must be taken into account. Cost 
is an issue when it comes to phospholipid preparation. 
This preparation is expensive to produce because of the 
costly raw material and equipment required for 
preparation. Liposomes are non-toxic but in the case of 
cationic liposomes, it tends to be toxic at higher 
concentrations. [13] 
 Other problems related to liposomes are as following: 

1. Sterilization: Sterilization of liposomes is a 
complicated process. Because it is unstable in heat and 
certain methods of radiation. Sterilizing with chemicals 
may affect stability problems. The only sterilization 
method is a membrane filter that is capable to filter 
liposomes of size <0.2µm. This method does not filter 
viruses. 

2. Short self-life and stability: It is very difficult to 
achieve the stability of liposomal formulation due to 
chemical and physical degradation. Chemically, they 
are prone to oxidation and hydrolysis and they can 
physically fuse forming larger vesicles. It can be 
prevented by the addition of anti-oxidant such as 
tocopherol and the addition of cholesterol to avoid 
fusion. 

3. Entrapment efficacy: The amount of drug a liposome 
can entrap is often low and sometimes leakage of drugs 
takes place. 

4. Removal from circulation by the reticuloendothelial 
system (RES): The major drawback of liposomes as a 
drug carrier is that they are rapidly cleared by a 
phagocytic cell of the Mononuclear Phagocytic System 
(MPS). Larger liposomes are eliminated from 
circulation faster than smaller liposomes. PEGylation 
can increase the self-life of liposomes. 
 

TYPES OF LIPOSOMES 
Liposomes are classified based on their structural 
properties, methods of preparation and composition, and 
application. Their properties such as the size of liposomes, 
number, the position of lamellae depend widely on the 
method of preparation, types of lipids used, and 
preparation condition of liposomes. This parameter, 
influence the in-vitro and in-vivo characteristics of 
liposomes. The classification of liposomes based on 
structural properties is mentioned in Table 1, 
classifications based on liposomes preparation are mention 
in Table 2, and based on composition and application are 
mentioned in Table 3. [14, 15] 

 
Table 1: Based on the structural parameter 

MLV Multilamellar vesicles, >0.5 µm 
OLV Oligolamellar vesicles, 0.1-1 µm 
UV Unilamellar vesicles, all size ranges 
SUV Small Unilamellar vesicles, 20-100 nm 
MUV Medium-sized Unilamellar vesicles. 
LUV Large Unilamellar vesicles, >100 nm 
GUV Giant Unilamellar vesicles, >1 µm 
MV Multivesicular vesicles, >1 µm 
 
 

Table 2: Based on the method of preparation 

REV Single or Oligolamellar vesicles are made by 
the reverse-phase evaporation method. 

MLV-
REV 

Multilamellar vesicles are made by a reverse-
phase evaporation method. 

SPLV Stable plurilamellar vesicles. 
FATMLV Frozen and Thawed MLV. 
VET Vesicles prepared by the extrusion method. 
DRM Dehydration-rehydration method. 
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Table 3: Based on composition and application 
Conventional 
liposomes (CL) 

Neutral and negatively charged 
phospholipid and cholesterol. 

Fusogenic 
liposomes 

Reconstituted Sendai virus 
envelopes (RSVE) 

pH-sensitive 
liposomes 

Phospholipids such as PE and DOPE 
with either CHEMS or OA. 

Cationic 
liposomes A cationic lipid with DOPE. 

Long-
circulatory(stealth) 
liposomes (LCL) 

Neutral high Tcᵒ, cholesterol and 5-
10% of PEG-DSPE or GM1 

Immuno-
liposomes 

CL or LCL with attached 
monoclonal antibodies or 
recognition sequences 

 
MECHANISM OF LIPOSOMES FORMATION 
A basic understanding of the physicochemical properties 
of phospholipids is needed to understand the liposome 
formation. Phospholipids are amphiphilic (having both 
aqueous and polar moiety affinity), it has two fatty acid 
chains containing 10-24 carbon atoms and 0-6 double 
bond in each chain, which are the non-polar tail of 
phospholipids. The polar end is mainly phosphoric acid 
bond to the water-soluble molecule when phospholipids 
are hydrated, they are arranged in such an orientation that 
the polar portion of the phospholipids remain in contact 
with the polar environment and at the same time shield the 
non-polar part. The most common natural polar 
phospholipids are phosphatidylcholine (PC). [16]  
 
METHOD OF PREPARATION 
The conventional method for the preparation of liposomes 
includes the solubilization of lipids in the organic solvent, 
drying down the lipids from organic solution, dispersion of 
lipids in aqueous media, purification of resultant 
liposomes, and analysis of the final product. [17] 
All the method for the preparation of liposomes involves 
four steps: 

1. Drying down lipids from an organic solvent. 
2. Dispersing the lipid in aqueous media. 
3.  Purifying the resultant liposome.  
4. Analyzing the final product 
Techniques used for the preparation of liposomes are 
described below; 

1. Hand Shaking method: In this method, the lipid is 
solubilized in an organic solvent (mainly ethanol) in a 
round bottom flask with constant shaking in a circular 
manner, when the organic solvent evaporates, it forms 
a thin film of lipid on the RBF which on hydrated with 
purified water, with constant shaking, form a liposome. 
This method is useful for the preparation of MLV 
liposomes. Nowadays, a Rotary evaporator machine is 
used for the formation of lipid film and hydration as it 
is more reliable than the handshaking method. [18] 

2. Sonication Method: This is the most widely used 
method for the preparation of SUV from MLV, 
prepared from the handshaking method and rotary 
evaporator method. There are two types of sonication 
methods used in the preparation of SUVs. [19] 

a) Probe Sonication method: In this method, the tip of 
the titanium probe is directly dispersed into liposome 
dispersion for the production of SUVs. In this method, 
the energy input is high due to which there is the 
generation of heat. For controlling heat, liposome 
dispersion is kept in the ice bath. The main 
disadvantage of this method is that the titanium 
fragment is sludge in a solution and contaminate it. 

b) Bath sonication: In this method, liposome dispersion 
in a container is placed on the sonication bath. This 
method is more convenient as compared to probe 
sonication for the production of SUVs because the 
temperature can be controlled easily. The sterilized 
liposome can be obtained, there is no titanium 
contamination. [20] 

3. French Press method:  In this method, unstable 
MLVs are converted to SUVs and LUVs bypassing 
then through a small orifice of equipment. Liposomes 
produced through this method are more reliable, as it 
has good stability as compared to those prepared by 
sonication method. The drawback of this method is 
that it has a small working volume of a maximum of 
50 ml and a high temperature is hard to manage. [21] 

4. Freeze Thawed liposomes: Here, SUVs formed by the 
sonication method is frozen and thawed slowly and 
continuously, resulting in the formation of LUVs due 
to aggregation of SUVs during the thawing process. By 
this method, the encapsulation efficacies increase by 
20%-30%. [22, 23] 

5. Solvent Dispersion method: 
a) Ether injection (solvent evaporation): In this 

method, lipid dissolved in a diethyl-ether or ether-
methanol mixture is gradually injected in an aqueous 
medium containing drug at the temperature of 50 to 65 
ᵒc or reduced pressure. The removal of ether under 
vacuum results formation of liposomes. The main 
drawback of this technique is the formation of a 
heterogeneous population of liposomes (70-200 nm) 
and exposure of liposomes in high temperatures during 
encapsulation which can hamper the stability of 
liposomes. [24] 

b) Ethanol injection: To a buffer a solution of lipid and 
ethanol is injected, resulting in the formation of MLVs. 
The drawback is the formation of a heterogeneous 
population of liposomes (30-110 nm). It is also 
difficult to remove ethanol from a solution 
consequently increasing the chances for the 
inactivation of biologically active macromolecules. 
[25] 

c) Reverse Phase evaporation method: This method has 
brought a breakthrough in the history of liposomes. 
The aqueous and lipid ratio used in this method is high, 
about four times higher than the handshaking method 
or MLVs. This method is based on the formation of 
reverse micelle where an aqueous medium is sonicated. 
The aqueous medium contains a water-soluble 
molecule to be encapsulated, lipids, and an organic 
phase. The slow elimination of organic solvent results 
in the formation of a gel-like consistency. At a critical 
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point, the gel-like structure collapses to form 
liposomes. [26] 

6. Detergent removal method (removal of non-
encapsulated material) 

a) Dialysis: In this method, detergent is used to dissolve 
lipids at Critical Micelles Concentration (CMC). When 
it is removed by dialysis, using a commercial device 
such as LipoPrep (Diachema AG, Switzerland) which 
is a version of the dialysis method. [27] 

b) Detergent (cholate, alkyl glycoside, Triton X-100) 
removal of mixed micelles (absorption): In this 
method, removal of detergent in achieved by shaking 
mix micelle with beaded organic polystyrene absorbers 
such as XAD-2 beads (SERVA Electrophoresis 
GmbH, Heidelberg, Germany) and Bio-beads SM2 
(Bio-Rad Laboratories, Inc., Hercules, USA). [27] 

c) Gel-permeation chromatography: Sephadex G-50, 
Sephadex G-l 00 (Sigma-Aldrich, MO, USA), 
Sepharose 2B-6B, and Sephacryl S200-S1000 (General 
Electric Company, Tehran, Iran) can be used for gel 
filtration as packing material for a column. Liposomes 
cannot penetrate through this packing which makes it 
easier to obtain liposomes. [27] 

The physical and chemical characteristics of liposomes 
have a direct impact on the properties of a liposome, in-
vivo, and in-vitro. The characterization of liposomes 
should be done immediately after the formation of 
liposomes by analysis methods (such as GLC, TLC, and 
HPTLC). Size, number of lamellae, internal morphology 
charges, and bilayer fluidity play a direct role in in-vivo 
properties. Sterilizing of liposomes is difficult as it is 
sensitive to heat. [28] Hence, it has to be prepared 
aseptically. Various techniques to determine the size, 
number of lamellae, charges, and bilayer fluidity are listed 
in Table 4. 
 

Table 4: Techniques for physical characterization of 
liposomes 

Parameters Techniques 

Size 
Electron microscopy, Light scattering 
microscopy, Ultracentrifugation, 
Coulter counters method. 

Number of 
lamellae 

NMR spectroscopy, Small-angle X-ray 
scattering microscopy. 

Bilayer 
Fluidity Fluorescence polarization. 

Charge Microelectrophoresis. 
 
EVALUATION OF LIPOSOME 
Evaluation is very important to ensure that the formulated 
liposome has the character required by the formulator. 
There are various evaluation test mentioned below 
1. Drug-excipient interaction study: This test is very 
important to ensure the compatibility of drugs and 
excipient in the formulation. This test is performed by the 
FTIR spectroscopy method. Here drug and excipient are 
mixed with KBr to form a sample pellet at the ratio of 
100:1. In preparation of pellets, a 5.5 metric ton of 

pressure is required to prepare a pellet. This pellet is 
scanned at the range of 4000-400 cm-1. [29] 
2. Drug loading study: Drug loading was determined 
spectrophotometrically. The drug quantification was 
confirmed by HPLC. [30] 
3. Lipid Quantification and chemical stability: 
Concentration and purity of phospholipids and cholesterol 
in the liposomes are determined by the HPLC method or 
enzymatically through cholesterol oxidase. TLC is also 
used to determine the hydrolysis of lipids at various stages 
of liposome preparation and storage. [31] 
4. Drug release determination: Drug release study of 
liposome is determined using the dialysis method. In a 
250ml conical flask, 100ml of phosphate-buffered saline 
was taken.5mg lyophilized sample suspended in 1ml of 
PBS was taken into a dialysis bag. The bag is tight from 
both ends with threads and hanged inside a conical flask 
containing phosphate buffer which is stirred with the help 
of a magnetic stirrer under controlled temperature. The 
sample is taken out with the help of a micropipette, which 
is analyzed at the spectrophotometer at the wavelength of 
290 nm. [32] 
 
APPLICATION OF LIPOSOMES AS DRUG 
DELIVERY SYSTEM 
To obtain a desired therapeutic efficacy and safety of 
drugs, a new drug delivery system has been formulated by 
a researcher. Liposomes are a new drug delivery system to 
achieve therapeutic efficacy and safety of drugs. Various 
application of liposomal formulation is mentioned below: 

1. Site avoidance delivery: Many drugs are cytotoxic. 
On exposure of such drugs to a normal cell may cause 
an adverse effect, due to a low therapeutic index (TI). 
Such drugs when formulated to liposomes give a 
therapeutic effect with low toxicity. For example, 
Doxorubicin causes cardiac toxicity, which subsides on 
the liposomal formulation. [33] 

2. Site-specific targeting: Site-specific targeting of drugs 
can be achieved by liposomal formulation. Here, drugs 
are encapsulated in a liposomal formulation, to which 
specific ligands are attached. This ligand attached 
liposomes are very specific to a targeted cell. Which is 
very important for achieving a therapeutic effect at a 
desired site of action. [34] 

3. Intra-cellular drug delivery: Cytosol delivery of 
drugs can be achieved by liposomal formulation. 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 
drugs. [35] 

4. Sustained release drug delivery: Drugs can be 
retained in a system for a prolonged time for the 
sustain release effect of drugs in a body. Drugs like 
cytosine Arabinoside can be encapsulated in liposomes 
for sustained release and optimized drug release rates 
in-vivo. [36] 

5. Reduced toxicity: Liposome formulation releases 
drugs for a prolonged period within the therapeutics 
index. The toxic effects of drugs can be reduced by 
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50% in the case of liposome formulation. In anticancer 
drugs like doxorubicin, with cardiac toxicity, it can be 
reduced by the liposomal formulation of doxorubicin. 
[37] 
 
Table 5: The various liposomal formulation for 

commercial use [38] 
Drug Product Indication 

Ambisome™ Amphoteracin 
B Fungal infection 

DaounoXome™ Daunorubicin Kaposi's sarcoma 

Doxil™ Doxorubicin 

Refractory Kaposi's 
sarcoma, recurrent 
breast cancer, and 
ovarian cancer 

Visudyne® Verteporfin 

Age-related macular 
degeneration, 
pathologic myopia, 
and ocular 
histoplasmosis 

DepoCyt® Cytarabine 

Neoplastic 
meningitis and 
lymphomatous 
meningitis 

Myocet® Doxorubicin Recurrent breast 
cancer 

Lipoplatin® Cisplatin Epithelial 
malignancies 

 
CONCLUSION 

There are many drugs molecule which is having good 
pharmacological action but their use are limited due to the 
toxicity, they posses. Such drugs can be brought into use 
by reducing its toxicity and enhancing its pharmacological 
action. Liposome formulation is an appropriate approach 
to achieve the therapeutic action of such drugs. Liposome 
composition has made it more reliable as it is inert and 
resembles a cellular membrane which makes it an 
interesting field of research for scientists. A liposome is a 
good carrier of drugs in the treatment of cancer and it is 
gaining popularity in the field of chemotherapy. 
Researchers are developing liposomal technology for 
improving its therapeutics and pharmacokinetics efficacy, 
at the same time reducing the toxicity of potent drugs. 
 
Acknowledgment 
The authors are grateful to Abhilashi University, Mandi, 
HP, India for providing various facilities in connection 
with this work. 
 
Conflict of Interest: None 
 

REFERENCES 
[1] Bangham, A. D., Horne, R. W., Negative staining of phospholipids 

and their structural modification by surface-active agents as 
observed in the electron microscope, J. Mol. Bio. 1964, 8, 660-710. 

[2] Weissmann, G., Sessa, G., Standish, M., Bangham, A. D., 
Abstracts, J. Clin. Invest. 1965, 44, 1109–1116. 

[3] Gregoriadis, G., Swain, C. P., Wills, E. J., Tavill, A. S., Drug-
carrier potential of liposomes in cancer chemotherapy. The Lancet. 
1974, 303, 1313-1316. 

[4] Silvander, M., Johnsson, M., Edwards, K., Effects of PEG-lipids on 
permeability of phosphatidylcholine/cholesterol liposomes in buffer 
and in human serum. Chem. Phy. Lip. 1998, 97, 15-26. 

[5] Klibanov, A. L., Maruyama, K., Torchilin, V. P., Huang L. 
Amphipathic polyethyleneglycols effectively prolong the 
circulation time of liposomes. FEBS letters. 1990, 268, 235-237. 

[6] Kim, C. E., Lim, S. K., Kim, J. S., In vivo antitumor effect of 
cromolyn in PEGylated liposomes for pancreatic cancer. J. 
controlled release. 2012, 157, 190-195. 

[7] Mozafari, M. R., Liposomes: an overview of manufacturing 
techniques. Cell. Mol. Biol. Lett. 2005, 10, 711. 

[8] Bangham, A. D., Hill, M. W., Miller, N. G., Liposomes Methods 
and Protocol, InMethods in membrane biology, Springer, Boston, 
MA 1974 pp. 1-68 

[9] Langer R. Drug delivery. Drugs on target. Science (New York). 
2001, 293, 58-59. 

[10] Lankalapalli, S., Tenneti, V. S., Adama, R., Preparation and 
evaluation of liposome formulations for poorly soluble drug 
itraconazole by complexation. Pharm Lett. 2015, 7, 1-7. 

[11] Khar, R. K., Vyas, S. P., Ahmad, F. J., Jain, G. K., (2018); Novel 
Drug Delivery System The theory and practice of Industrial 
Pharmacy, 4th Edition, Lachman/Lieberman’s; CBS Publisher and 
distributors pvt. Ltd.; New Delhi, pp. 883-885. 

[12] Dua, J. S., Rana, A. C., Bhandari, A.K., Liposome: methods of 
preparation and applications. Int. J. Pharm. Stud. Res. 2012, 3, 14-
20. 

[13] Himanshu, A., Sitasharan, P., Singhai, A. K., Liposomes as drug 
carriers. Int. J. Pharm. Life Sci. 2011, 2, 945-951. 

[14] Shaheen, S. M., Shakil, Ahmed, F. R., Hossen, M. N., Ahmed, M., 
Amran, M. S., Ul-Islam, M. A., Liposome as a carrier for advanced 
drug delivery. Pak. J. Biol. Sci. 2006, 9, 1181-1191. 

[15] Vyas, S. P., Khar. R. K., Targeted & controlled drug delivery- 
Novel carrier system, CBS publishers and distributors, 2008, 
pp.182-195. 

[16] New, R. R. C., Preparation of Liposomes. In: New RRC (Ed), 
Liposomes: a practical approach, IRL press, Oxford, 1990, pp. 33-
104. 

[17] Akbarzadeh, A., Rezaei, Sadabady, R., Davaran, S., Joo, S. W., 
Zarghami, N., Hanifehpour, Y., et al., Liposome: classification, 
preparation, and applications. Nano. Res. Lett. 2013, 8, 102. 

[18] Goswami, P., Changmai, A., Barakoti, H., Choudhury, A., Dey, B. 
K., A brief review on Liposomal Drug Delivery System. J. Pharm. 
Adv. Res. 2018, 1, 362-368. 

[19] Riaz, M., Liposomes preparation methods. Pak. J. Pharm. Sci. 
1996, 9, 65-67 

[20] Kataria, S., Sandhu, P., Bilandi, A., Akanksha, M., Kapoor, B., 
Stealth liposomes: a review. Int. J. Res. Ayur. Pharm. 2011, 2, 1-8. 

[21] Salimi, A., Liposomes as a novel drug delivery system: 
fundamental and pharmaceutical application. Asian J. Pharm. 2018, 
12, 55-62. 

[22] Llu, L., Yonetani, T., Preparation and characterization of liposome-
encapsulated haemoglobin by a freeze-thaw method. J. Micro. 
1994, 11, 409-421. 

[23] Pick, U., Liposomes with a large trapping capacity prepared by 
freezing and thawing of sonicated phospholipid mixtures. Arch. 
Biochem. Biophys. 1981, 212, 186-194. 

[24] Schieren, H., Rudolph, S., Finkelstein, M., Coleman, P., 
Weissmann, G., Comparison of large unilamellar vesicles prepared 
by a petroleum ether vaporization method with multilamellar 
vesicles: ESR, diffusion and entrapment analyses. Biochimica et 
Biophysica Acta. 1978, 542, 137-153. 

[25] Batzri, S., Korn, E. D., Single bilayer liposomes prepared without 
sonication. Biochimica et Biophysica Acta. 1973, 298, 1015-1019. 

[26] Brandl, M., Liposomes as drug carriers: a technological approach. 
Biotechnol. Ann. Rev. 2001, 7, 59-85. 

[27] Chonn, A., Cullis, P. R., Recent advances in liposomal drug-
delivery systems. Curr. Opin. Biotechnol. 1995, 6, 698-708. 

[28] Jesorka, A., Orwar, O., Liposomes: technologies and analytical 
applications. Annu. Rev. Anal. Chem. 2008, 1, 801-832. 

[29] Mukherjee, B., Patra, B., Layek, B., Mukherjee, A., Sustained 
release of acyclovir from nano-liposomes and nano-niosomes: an in 
vitro study. Int. J. Nanomed. 2007, 2, 213. 

[30] Papahadjopoulos, D., Moscarello, M., Eylar, E. H., Isac, T., Effects 
of proteins on thermotropic phase transitions of phospholipid 
membranes. Biochim. Biophys. Acta. 1975, 401, 317-335. 

Lakpa Sangay Sherpa et al /J. Pharm. Sci. & Res. Vol. 12(9), 2020, 1192-1197

1196



[31] Gregoriadis, G., Drug entrapment in liposomes. FEBS lett. 1973, 
36, 292-296.

[32] Mukherjee, B., Santra, K., Liposomes and their application-An 
overview. Int. J. Pharm. Sci. Tech. 2009, 2, 2-13.

[33] Sharma, A., Sharma, U. S., Liposomes in drug delivery: progress
and limitations. Int. J. Pharm. 1997, 154, 123-140.

[34] Lasic, D. D., Papahadjopoulos, D., Liposomes revisited. Sci. 1995, 
267, 1275-1277.

[35] Sharma, A., Straubinger, N. L., Straubinger, R. M., Modulation of
human ovarian tumor cell sensitivity to N-(phosphonacetyl)-L-

aspartate (PALA) by liposome drug carriers. Pharm. Res. 1993, 10, 
1434-1441. 

[36] Allen, T. M., Mehra, T., Hansen, C., Chin, Y. C., Stealth liposomes: 
an improved sustained release system for 1-β-D-
arabinofuranosylcytosine. Cancer Res. 1992, 52, 2431-2439.

[37] Kulkarni, P. R., Yadav, J. D., Vaidya, K. A., Liposomes: a novel
drug delivery system. Int. J. Curr. Pharm. Res. 2011, 3, 10-18.

[38] Kalepu, S., Sunilkumar, K. T., Betha, S., Mohanvarma, M., 
Liposomal drug delivery system—a comprehensive review. Int. J. 
Drug Dev. Res. 2013, 5, 62-75.

Lakpa Sangay Sherpa et al /J. Pharm. Sci. & Res. Vol. 12(9), 2020, 1192-1197

1197




