
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/52012554

Liposomes:	A	Review	of	Manufacturing
Techniques	and	Targeting	Strategies

Article		in		Current	Nanoscience	·	June	2011

DOI:	10.2174/157341311795542453

CITATIONS

73

READS

4,244

5	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

improving	textural	properties	of	waxy	rice	View	project

Formulation	of	carrier	systems	employing	polar	aprotic	solvents	View	project

Behnoush	Maherani

Institut	National	de	la	Recherche	Scientifique

21	PUBLICATIONS			216	CITATIONS			

SEE	PROFILE

Elmira	Arab-Tehrany

University	of	Lorraine

78	PUBLICATIONS			1,663	CITATIONS			

SEE	PROFILE

M.	R.	Mozafari

Australasian	Nanoscience	and	Nanotechnology…

222	PUBLICATIONS			2,173	CITATIONS			

SEE	PROFILE

Claire	Gaiani

University	of	Lorraine

88	PUBLICATIONS			1,594	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Behnoush	Maherani	on	16	May	2014.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/52012554_Liposomes_A_Review_of_Manufacturing_Techniques_and_Targeting_Strategies?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/52012554_Liposomes_A_Review_of_Manufacturing_Techniques_and_Targeting_Strategies?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/improving-textural-properties-of-waxy-rice?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Formulation-of-carrier-systems-employing-polar-aprotic-solvents?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Behnoush_Maherani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Behnoush_Maherani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Institut_National_de_la_Recherche_Scientifique?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Behnoush_Maherani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elmira_Arab-Tehrany?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elmira_Arab-Tehrany?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Lorraine?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Elmira_Arab-Tehrany?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Mozafari?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Mozafari?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/M_Mozafari?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claire_Gaiani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claire_Gaiani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Lorraine?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Claire_Gaiani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Behnoush_Maherani?enrichId=rgreq-983f0ed96cc81e9662c852f8b66f98a9-XXX&enrichSource=Y292ZXJQYWdlOzUyMDEyNTU0O0FTOjk3NDE0NTcyNjc1MDcyQDE0MDAyMzY4NTIwODc%3D&el=1_x_10&_esc=publicationCoverPdf


436 Current Nanoscience, 2011, 7, 436-452

1573-4137/11 $58.00+.00  © 2011 Bentham Science Publishers Ltd.

Liposomes: A Review of Manufacturing Techniques and Targeting Strategies 
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Abstract: Today, liposomes are among the most applied technologies for the encapsulation and delivery of bioactive agents and many 
different compounds in biological, pharmaceutical, medical and nutritional research. In this review, classification of liposomal vesicles, 
methods of their preparation and encapsulation, as well as their applications in food, cosmetics and pharmaceutical industries are re-
viewed. In addition, the main analytical approaches used to study liposome characteristics such as size, transition temperature, surface 
charge, fluidity, lamellarity, stability and encapsulation efficiency are presented. In the final part of the article, mechanisms of liposome 
targeting are discussed. 

Keywords: Liposome composition, liposome production, oxidative stabilization, encapsulation efficiency, liposome targeting, release 
mechanisms. 

INTRODUCTION 
 Microencapsulation is the packaging of small particles (known 
as active agents) within an encapsulating system (known as a cap-
sule or shell). The contents of the capsule are isolated from the 
environmental stress that surrounds the capsule and can be released 
in a targeted site in a suitable time. There are several types of en-
capsulation systems, each made using different material such as 
polymers, surfactants, lipids or phospholipids. One of the most 
applied encapsulation systems is liposome, which is mainly com-
posed of phospholipid molecules [1, 2]. 
 Liposomes were first made synthetically in England in 1961 by 
Alec D. Bangham [3], who found that phospholipids combined with 
water form a sphere because one end of each molecule is water 
soluble, while the opposite end is water insoluble.  
 Liposomes are spherical, closed structures, composed of curved 
lipid bilayers, which enclose part of the surrounding solvent into 
their interior. The size of a liposome ranges from 20 nm up to sev-
eral micrometers and they may be composed of one or several 
concentric or nonconcentric membranes, each with a thickness of 
about 4 nm [4]. 
 The main constituents of liposomes are phospholipids, which 
are amphiphilic molecules containing water soluble, hydrophilic 
head section and a lipid-soluble, hydrophobic tail section. This 
property of phospholipids give liposomes unique characteristics, 
such as self-sealing, in aqueous media and makes them an ideal 
carrier system with applications in different fields including food, 
cosmetic, agriculture and pharmaceutics [3]. 
 A significant advantage of liposome is that it can incorporate 
and release two materials with different solubiliteis simultaneously. 
One example for which is the incorporation of two antioxidant 
agents namely alpha-tocopherol (a lipid- soluble molecule) and 
glutathione (a water-soluble molecule) in the same lipid vesicle [5].  

CLASSIFICATION OF LIPOSOMAL VESICLES  
 Liposomes are classified based on vesicle size, number of 
lamella and preparation method [5]. Liposomes that only contain a 
single bilayer membrane are called unilamellar vesicles (ULV).  

*Address correspondence to this author at the École Nationale Supérieure 
d'agronomie et des Industries Alimentaires, Institut National Polytechnique 
de Lorraine, 2 avenue de la Forêt de Haye, 54501 Vandoeuvre lès Nancy, 
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Unilamellar vesicles can be divided into small unilamellar vesicles 
(SUV, less than 100nm) and large unilamellar vesicles (LUV, larger 
than 100nm) [6]. 
 A multilamellar vesicle (MLV) is a liposome composed of a 
number of concentric lipidic bilayers. A vesicle composed of sev-
eral non-concentric vesicles encapsulated within a single bilayer is 
known as a multivesicular vesicle (MVV).  
 Some of the carrier systems developed based on liposome 
technology are briefly introduced in the following sections [5]: 

LIPOSOME-BASED CARRIER SYSTEM 
- Immunoliposomes 
 One class of lipid vesicles designed for active targeting of the 
bioactive agents inside the body is known as immunoliposome [5]. 
This type of liposome is explained in more details in the following 
sections. 

- Virosomes  
 Virosome or artificial viruses are another type of liposomal 
system used in active targeting and contain reconstituted viral 
proteins in their structure [7]. 

- Stealth Liposomes 
 During many years, researchers tried to develop carrier systems 
which can avoid phagocytosis and thus circulate longer in the 
blood. As a result of these studies, a kind of liposome so-called 
“Stealth particles” has emerged. Stealth liposome is made by cover-
ing the carrier surface with hydrophilic chains such as poly ethylene 
glycol (PEG) [8, 9].  

- Transferosomes and Transdermal Bioactive Delivery 
 For transdermal delivery of bioactive agents, the carrier system 
needs to possess required deformability to be able to pass the skin 
layers. For this aim, transferosome has been introduced.  
 Transferosomes consist of phospholipids, cholesterol and addi-
tional surfactant molecules such as sodium cholate. Transferosomes 
are ultra deformable and squeeze through pores less than one-tenth 
of their diameter [5, 10]. 

 - Archaeosomes 
 Archaeosomes can be defined as liposomes made from one or 
more of the polar ether lipids extracted from the domain Archaea
(Archaeobacteria) [11]. Compared with liposomes, archaeosomes 
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are relatively more thermostable, more resistant to oxidation and 
chemical and enzymatic hydrolysis. Considering that some 
liposome formulations have been found to retain their structural 
integrity with high encapsulation efficiency after treatments at 
sterilisation temperatures, the fact that archaeosomes are evenmore 
thermostable makes them ideal candidates to protect antioxidants 
during food processing [12, 13].  

-Vesicular Phospholipid Gels  
 Vesicular phospholipid gels (VPGs) are highly concentrated 
phospholipid dispersions of semisolid consistency and vesicular 
morphology. VPGs can be prepared by high-pressure homogeniza-
tion of high concentrations of phospholipid molecules [14]. VPGs 
can be useful as parenteral depot formulations. They are also useful 
as intermediates for liposome dispersions, especially those with 
drugs with high leakage rates and poor storage stabilities [5]. 

- Cochleates 
 Cochleates are small-sized and stable lipid-based carriers com-
prised mainly of a negatively charged lipid (e.g. phosphatidylser-
ine) and a divalent cation such as calcium. They have a cigar-
shaped multilayered structure [15, 16]. Hydrophobic, amphiphilic, 
negatively or positively charged molecules can be delivered by 
cochleates. The unique structure and properties of nanocochleates 
make them ideal candidates for oral and systemic delivery of anti-
oxidants and other sensitive moieties [12]. 

- Nanoliposome 
 The nanometric versions of liposomes are known as 
nanoliposomes [5]. Nanosystems have many advantages over the 
micro systems such as longer circulation time in the blood stream 
without being recognized by macrophages, ease of penetration into 
tissues through capillaries and biological membranes, ability to be 
taken up by cells easily, demonstrating high therapeutic activity at 
the target site, sustaining the effect at the desired area over a period 
of days or even weeks, improve controlled release and precision 
targeting of the entrapped compounds to a greater extent [17]. 
Nanoliposomes are able to amplify the performance of bioactive 
agents by improving their solubility and bioavailability, in vitro and 
in vivo stability, as well as preventing their unwanted interactions 
with other molecules [18]. 
 Nanoliposomes are employed for encapsulation and delivery of 
the antioxidants and they also can incorporate and deliver both 
vitamin E and ascorbic acid to a site of oxidation in the food system 
[12, 18].  

APPLICATIONS OF LIPOSOMES 
 In order for a bioactive agent to exert its intended effect, it 
needs to be in physical contact with its physiological target. A 
possible approach to facilitate material transport into cells or target 
sites is the application of liposome. A significant advantage of 
liposome is that it can incorporate and release two materials with 
different solubilities simultaneously [19, 20]. Furthermore, tar-
getability is another extremely useful characteristic of liposome. 
These particular properties make liposome to be useful in many 
applications due to its ability to increase the effectiveness of the 
encapsulated active agents and optimizing their dosage [2]. 
 The unique properties of liposomes have triggered numerous 
applications in various fields of science and technology, from basic 
studies to gene and drug delivery [21]. Some of the main applica-
tions of liposomes are described below:  

- Liposome Applications in the Pharmaceutical and Medical 
Research 
 Today liposomes are an important part of biological, pharma-
ceutical, and medical research. Liposomes not only serve as unique 
model membranes and nucleic acid delivery vehicles, but they also 

have been reported to be used as delivery systems of enzymes, 
various drugs, hormones and blood factors [22, 23]. 
 Particular areas in which liposomes display therapeutic poten-
tials are drug delivery, cancer treatment and gene therapy. They act 
as carriers for anticancer agents, anti-fungal drugs, antibacterials, 
anti-virals and certain anti-parasitics. Some of the other applications 
of liposomes include encapsulation of contrast agents for use in 
diagnostic X-ray and NMR imaging [24-27]. 
 Because liposomes are one of the most effective carriers for the 
delivery of many different types of bioactive agents into cells, the 
applications of liposome-based formulations and products are ex-
tremely wide. Some of the new developments in this respect include 
applications in tumor targeting, gene and antisense therapy, DNA 
vaccination, immunomodulation, lung therapeutics, and cyclodex-
trin-controlled drug release in situ [28-30]. In immunology, anti-
gens encapsulated in liposomes are used to generate antibodies, to 
mediate active and passive immunization and for many other appli-
cations (For a review see, [31]). The first report on the application 
of liposomes as immunological adjuvant was made 20 years ago by 
Allison and Gregoriadis [32] and since then, numerous studies 
showing the adjuvant action of liposomes have been published. 
Applications of liposomes as adjuvant include hepatitis B-derived 
polypeptides, subunit antigens from the influenza virus, adenovirus 
type 5 hexon, allergens, and polysaccharide-protein conjugates, to 
name a few. Several laboratories have studied liposomes made with 
detergent-extracted envelope glycoproteins from HIV-l, and syn-
thetic peptide carrying a CTL epitope from the simian immunodefi-
ciency virus gag protein [31]. Liposomes also can be taken by cells 
through different mechanisms such as endocytosis, phagocytosis, 
fusion and others [31].  
 More recently, liposomes have also been applied as contrast 
agents for molecular imaging [33]. 

- Applications of Liposomes in Food Science 
 Liposomes and nano-liposomes are used for improving and/or 
developing new taste, controlling the release of flavor, improving 
the food color and altering the texture of food components. They 
are also able to increase the absorption and bioavailability of nu-
traceutical and health supplements and develop food antimicrobials. 
In addition, lipid vesicles can be used to construct new food pack-
aging materials with improved barrier and antimicrobial properties 
as well as some kinds of nanosensores for traceability and monitor-
ing the condition of food during transport and storage [34]. 
 The range of applications for micro- and nanoliposome in the 
food industry has been increasing because of the many advantages 
that liposome provide by protecting the active agent from the en-
zymatic and chemical changes, as well as temperature and ionic 
strength variations [2]. In addition, liposomes can be effective 
carriers for nutritionally valuable ingredients [35]. 
 In the following sections, some applications of the liposomes in 
the food industry are explained: 
 One of the first reported liposome applications in food products 
was in cheese manufacture [36], in order to decrease the time and 
cost of the cheese ripening by adding the proteinases encapsulated 
in liposome to cheese mixes. Researchers have shown that encapsu-
lated enzymes in liposome improve the stability and activity of 
enzymes and control their release time and improve the flavor of 
cheese and reduce the cost of production [37-39]. 
 Studies have shown that liposome-entrapped proteinases reduce 
the firmness of cheddar cheeses but increase their elasticity and 
improve their flavor and liposome-entrapped lipase increases ched-
dar cheese cohesiveness and elasticity, but reduces the cheese firm-
ness [40, 41]. They encapsulated negatively charged bacterial and 
fungal proteinase and lipases separately in extremely positively 
charged proliposome.  
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 Lee et al. encapsulated the enzyme bromelain (used as a meat 
tenderizer) in liposomes and they also found that the stability and 
bioavailability of enzyme significantly increase [42]. 
 Matsuzaki et al. and Rao et al. [43, 44] separately used 
liposome-entrapped �-galactosidase in order to aid the digestion of 
dairy foods by the lactose intolerance. They found out that 
liposomes can stabilize the enzyme during the storage.  
 Vitamins are also encapsulated in liposomes to enhance their 
retention. Tesoriere et al. encapsulated vitamin systems including 
vitamins A and E, and �-carotenes in liposome and they resulted 
that liposome able to extend the half-life of the entrapped antioxi-
dants and facilitates their intracellular uptake [45]. Studies also 
showed that better bioavailability of the hydrophobic Coenzyme Qlo 
obtained with encapsulation in a liposomal system compared with 
entrapment in a gelatin capsule [13]. 
 Liposomes have also been used to increase the nutritional qual-
ity of dairy products by entrapping the vitamin D in cream and 
cheese [46]. These researches indicate that liposome can protect 
vitamins from degradation. 
 Ascorbic acid incorporated in liposomes exhibited a half-life of 
100 days compared with a pure solution of ascorbic acid with a 
half-life of 18 days at 4 °C [47]. 
 Another useful application is encapsulation of food preserva-
tives in liposomes in order to control cheese spoilages. Lysozyme, a 
natural preservative derived from egg is used in food systems as a 
replacement for nitrite [38]. Liposome-entrapped lysozyme has the 
potential to prevent cheese spoilage.  
 Antimicrobial peptides have been extensively examined as 
potential biopreservatives in food technology. However, their sta-
bility in food because of proteolytic degradation and the potential 
interaction of the antimicrobial peptide with food components, 
might terminates to decrease their antimicrobial activity. The en-
trapment of bacteriocins into liposomes represents an alternative to 
overcome this problem [48].  
 Application of liposome - entrapped bactericide in dairy science 
and industry has also shown great potential [49]. Another group of 
researchers encapsulated the antimicrobials pediocin [50] and nicin 
Z [51-54] separately in liposomes and found that liposome-
entrapped antimicrobials can reduce or eliminate undesirable inter-
actions in foods and also have long-term preservative effects and 
can be a useful replacement for the synthetic preservatives that have 
undesirable side effects [55].  
 Another useful application of liposome is fortification of foods 
with ferrous sulfate and vitamin C [56], using haem liposome as a 
source of iron [57]. They resulted, by addition of haem liposomes to 
wheat flour, the fat content of flours increased and it also had a 
positive effect on the stability and rheological properties of the 
dough. Additionally, loaf volume and crumb uniformity was im-
proved [57]. 
 Encapsulation of enzymes in liposomes [58, 59], in order to 
stabilize the enzymes against food manufacture processes and 
preserving them for a long-time and maintain their useful effects in 
foods, is another application of liposome technology in food pro-
duction industry. 
 Liposomes and nanoliposomes have also been employed for 
encapsulation and delivery of the antioxidant glutathione (GSH) 
[60-63]. The influence of �-tocopherol incorporation into liposomes 
and its effect on physical and chemical stability of biomembranes 
was studied by Nacka et al. [64]. Another liposomal antioxidant 
system containing ascorbic acid and �-tocopherol has been reported 
by Kirby [65]. In a more recent study, Mozafari et al. [66] incorpo-
rated two antioxidant agents, �-tocopherol and glutathione, in the 
same liposome composition, creating a bifunctional carrier system. 
 All the researchers reported thus far have shown that liposome 
entrapment of the ascorbic acid and �-tocopherol can prevent the 

degradation of these active agents and maximize their antioxidant 
effects [12]. 
 Liposomes are also used to deliver minerals such as Ca+2 and 
Mg+2 into foods [13]. 
 The benefits obtained through the application of liposome in 
food are, acting such as an effective controlled-release system 
which protects the active ingredients throughout the processes and 
ability to releases the ingredients where and when required [67]. 

- Applications of Liposomes in Cosmetics 
 Liposome applications in skin treatment are based on the simi-
larity of the bilayer structure of liposome to that of the natural 
membranes, so depending on the lipid composition of liposome, 
they can alter cell membrane fluidity and deliver active drugs to the 
target site. Different forms of liposome preparations such as solu-
tion, creams, gels and ointments can deliver compounds across the 
stratum corneum [68, 69]. 
 Liposomes based on a natural marine lipid containing a high 
polyunsaturated fatty acid (PUFA) ratio such as eicosapentaenoic 
acid (EPA, 20:5n�3) and docosahexaenoic acid (DHA, 22:6n�3)
were recently introduced as Marionosomes® for the prevention and 
treatment of skin diseases [70]. These lipids exhibit anti-
inflammatory properties in vitro and have variety of benefits re-
garding inflammatory skin disorders and metabolized by skin epi-
dermal enzymes into anti-inflammatory and antiproliferative me-
tabolites [71]. 
 These types of liposomes provide valuable raw material for the 
regeneration, humidifying and softening of skin [70]. 
 Liposomes can repair and accelerate the removal of pyrimidine 
dimmers after skin exposure to the ultraviolet radiation. Specific 
antioxidants in the liposome reduce the rate of formation of secon-
dary ultraviolet-induced damages [72].  
 Anti-inflammatory agents, immunostimulants, and enhancers of 
molecular and cellular detoxification within liposomes could avoid 
age spots, dark circles, wrinkles, and other clinical aspects of skin 
aging [72]. 
 Nutracosmetics are an emerging class of health and beauty aid 
products that combine the herbs and liposomes to maintain and 
enhance human beauty because of their beneficial properties, such 
as sunscreen, anti-aging, moisturizing, antioxidant, anticellulite, and 
antimicrobial effects [73]. 

LIPOSOME COMPOSITION 
 Calvagno et al. [74] showed that mean size, polydispersity 
index, zeta potential, loading capacity, drug release, antitumoral 
activity and intracellular uptake of the encapsulated drugs were 
influenced by liposome lipid composition and preparation methods. 
 Chemical components of liposomes are lipid and/or phosphol-
ipid molecules with various head groups. These components can be 
subjected to certain chemical manipulations, for instance to prepare 
liposomes with optimized physico-chemical characteristics. Differ-
ent lipid compositions could modulate both technological and bio-
pharmaceutical parameters of colloidal vesicles thus influencing the 
application of liposomes as carrier systems [74]. 

- Types of Phospholipids 
 Liposome features are strictly related to chemical properties of 
the phospholipids used for their preparation. In fact, lipids can 
modify biodistribution, surface charge, permeability, and release 
and clearance of liposomal formulations [75]. Type of the phos-
pholipid ingredients also influences the encapsulation efficiency, 
toxicity and stability of liposome [17].  
 The hydrophilic- lipophilic balance (HLB) is a good indicator 
of the vesicle forming ability of any surfactant. Single-chain surfac-
tants were found to be compatible with vesicle formation but they 
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possess less encapsulation efficiency in the presence of cholesterol 
[76, 77]. The most conventional groups of surfactant molecules are 
phospholipids and possess higher encapsulation efficiency. Phos-
pholipids are amphipathic (amphiphilic) molecules, being both 
hydrophilic and hydrophobic. The head group of a phospholipid is 
hydrophilic and its fatty acid tail (acyl chain) is hydrophobic [5]. 

- Sterols 
 Sterols are important components of cell membranes and their 
presence in membranes causes significant changes with regard to 
bilayer stability, fluidity and permeability. There are some additives 
incorporated to liposome structure to enhance vesicular stability. 
Some of these additives (or moieties) improve the stability of 
liposomes by providing steric hindrance. In some other instances 
charged molecules are used to enhance the stability of the lipid 
vesicles by providing electrostatic repulsion [17]. One of the most 
applied molecules used to increase liposome stability is cholesterol. 
It is known that cholesterol is able to modulate the fluidity of lipid 
bilayers. It is usually used in most formulations to stabilize the 
system against the formation of aggregates by repulsive steric or 
electrostatic effects and modulate the fluidity of lipid bilayers [17]. 
Adding cholesterol to liposome reduce the permeability of the 
liposomal membrane to solutes. The amount of cholesterol to be 
used in the liposomal formulation mainly depends on the liposome 
application area [5]. Cholesterol has been shown to modify the 
order and mobility of the phospholipids in the bilayer and hence 
affects the bilayer fluidity [78, 79]. 

- Other Additives  
 The presence of polyethylene glycol on the surface of 
liposomes provides long circulating properties, improved stability, 
protecting the encapsulated drug against metabolic degradation / 

inactivation and increased intracellular uptake of the vesicles [80]. 
 In some liposome formulations, charged phospholipids such as 
dicethylphosphate (DCP) and stearyl amine (SA) have been used to 
produce charged vesicles. 
 Adding sphingomyelin exhibited reduction in water permeabil-
ity and increasing the proton permeability of some kind of 
liposomes [81]. 

EFFECT OF THE BIOACTIVES NATURE ON LIPOSOME 
FORMATION 
 One of the most important factors is the influence of the nature 
of the encapsulated drug on vesicle formation [17]. The electro-
static attraction between charged bioactives and liposomes is a 
mean to increase the entrapment efficiency. Zucker et al. [82] found 
that high positive charge (>1) of the drug leads to high encapsula-
tion efficiency and high charge increases drug's partitioning to the 
aqueous phase and its interaction with the counteranions inside the 
liposomes. 
 The chemical and physical structure of various drugs or active 
molecules can also have a profound effect on the burst effect in 
controlled release systems [83]. Fig. (1), represents different types 
of bioactives entrapped in a unilamellar liposome 

METHODS OF LIPOSOME PREPARATION  
 There are a wide variety of conventional techniques that can be 
used to produce liposomal formulations. All methods for producing 
liposomes require lipids to be combined by some means with an 
aqueous phase [84, 85].  
 In the following sections, some of the most applied conven-
tional methods of liposome production are described. 

Fig. (1). Schematic representation of unilamellar liposomes (1) and positions of loaded substances (2– 8) / Hydrophobic markers are essentially located within 
the acyl chains of the bilayer; amphipatic labels are inserted in the polar head groups and water-soluble ones in the internal and external aqueous medium (2)/ 
Surfactant molecules, which are amphiphilic, partition between the liposome bilayer and the aqueous medium (3)/ Hydrosoluble polymers of various average 
molecular mass can be entrapped (4)/ Stealth liposomes may be formed with anchored (5) and covalently attached (6) polymers. Interaction sites of various 
molecules such as drugs, proteins or biological macromolecules (7, 8): water-soluble molecules can be loaded into the liposome interior or bound to the bilayer 
surface; amphiphilic molecules orient into bilayers; transmenbrane proteins span the lipid bilayer with sites exposed to the aqueous phase. Source: Adapted 
from [121]. 
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- Bangham Method 
 The Bangham method is one of the first methods for liposome 
formation and is widely used [86, 87]. The process involves the 
dissolution of lipids in an organic phase, removal of the organic 
solvent, usually via evaporation, to form a lipid film. The solvent 
removal stage is time-consuming. The final step is the dispersion or 
hydration of the lipid film with an aqueous media, carried out in 
conjunction with agitation to separate the swelling lamellae from 
the vessel surface and form sealed spherical structure. Bangham 
method often produces liposomes with several microns in size and 
consequently MLVs which limit their consumption due to low 
entrapment efficiency specially for water soluble active agents, 
difficulty in removing organic solvent and small scale production 
[84]. 

- Detergent Depletion Method 
 The detergent depletion method is a mild process for the pro-
duction of a wide variety of vesicle types and highly homogeneous 
liposomes. The method is based on the formation of detergent-lipid 
micelles, followed by the removal of the detergent to form 
liposomes [88]. The disadvantages of this method are that the final 
concentration of liposomes in the solution is low and entrapment of 
any hydrophobic compound is also low. The detergent also remains 
in the formulation. The size and homogeneity of liposomes pro-
duced using detergent depletion are based on the rate at which the 
detergent is removed and the initial ratio of detergent to phosphol-
ipid The method is very time consuming and the process of remov-
ing the detergent may also remove any other small hydrophilic 
compound [84, 89]. 

- Injection Methods  
 The ethanol injection method was first described in 1973 by 
Batzri and Korn [90]. The ethanol and ether injection methods 
involve the dissolution of the lipid into an organic phase, followed 
by the injection of the lipid solution into aqueous media, forming 
liposomes. The ethanol injection method is a simple method, but 
some lipids are poorly soluble in ethanol and heterogeneous 
liposomes are formed if adequate mixing is not achieved. The ether 
injection method differs from the ethanol injection method since the 
ether is immiscible with the aqueous phase, which is also heated so 
that the solvent is removed from the liposomal product [91, 92]. 
Jaafar-Maalej and colleagues [93] have used this method for encap-
sulation the hydrophobic and hydrophilic drugs and they found that 
the higher encapsulation efficiencies were about 100% for the 
hydrophobic drug and about 16% for the hydrophilic one and they 
also found small multilamellar vesicles, with sizes ranging from 
about 80 to 170nm. 
 An advantage of the ether injection method compared to the 
ethanol injection method is to form a concentrated liposomal prod-
uct with high entrapment efficiencies. The ethanol injection method 
is rapid, simple and reproducible for production of a ready-to-use 
liposome suspension. The particle size of liposomes produced by 
this method is a function of lipid nature and concentration, the drug 
to lipid ratio and the organic solvent and aqueous phase composi-
tion. The inkjet method is a modern variation of the ethanol injec-
tion method and was developed by Hauschild et al. [94] for 
liposome formation with excellent control on particle size and high 
potential for scaling up. 

- Reverse Phase Evaporation Method 
 The reverse-phase evaporation process was first described by 
Szoka and Papahadjopoulos [95]. The technique is carried out by 
dissolving the lipids in an organic solvent, adding a small volume 
of aqueous phase, then sonicating the solution to produce inverted 
micelles. The organic solvent is removed using a rotary evaporator 
and a viscous gel forms. A disadvantage of this method is that the  

compound to be encapsulated within the vesicles is in contact with 
an organic solvent, therefore the process is not suitable for fragile 
molecules such as peptides [84]. 

- Microfluidic Channel Method 
 Jahn et al. [96] developed a microfluidic method for controlled 
liposome formation. The process involves a stream of lipid dis-
solved in alcohol passing between two aqueous streams in a mi-
crofluidic channel, with mixing occurring at the liquid interfaces 
and thus liposomes forming. The laminar flow in the channels 
enables controlling the size and size distribution of the liposomes. 
Liposome self assembly by this microfluidic method can be used 
for drug encapsulation immediately prior to use [96]. 

- Heating Method 
 The heating method developed by Mozafari [97] to produce 
liposomes involves hydration of the phospholipid components in an 
aqueous solution containing 3% (vol) glycerol and increasing the 
temperature to 60°C or 120°C, depending on the absence or pres-
ence of cholesterol, respectively. Glycerol is utilized since it is a 
water soluble and physiologically acceptable chemical with the 
ability to act as an isotonising agent and increase the stability of 
lipid vesicles due to preventing coagulation and sedimentation. No 
degradation of the lipid ingredients was reported for liposomes 
fabricated by the heating method [98]. Also there is no need for 
sterilization once high temperature (i.e. 120°C) is used in this tech-
nique [5, 99]. A further improved version of the heating method, 
called the Mozafari method, has recently been employed for the 
encapsulation and targeted delivery of the food-grade antimicrobial 
nisin [39]. The Mozafari method allows large-scale manufacture of 
the carrier systems in one step without the need for the prehydration 
of the ingredient material, and without employing toxic solvents or 
detergents [39]. 

- Dense Gas Techniques 
 The term dense gas is a general expression used to refer to a 
substance in the region surrounding the critical point. Dense gases 
possess solvent characteristic similar to that of liquids along with 
mass transport properties similar to those of gases. The unique 
properties of dense gases have been exploited to replace many 
organic solvents and enable improved processing techniques, in 
particular separation, purification and size reduction processes. The 
most widely used dense gas is carbon dioxide since it is non-
flammable, non-toxic, non-corrosive, inexpensive, environmentally 
acceptable and has easily accessible critical parameters (31.1°C and 
73.8 bar). The solvent can be easily recovered after processing by 
simply returning to atmospheric pressure. Dense gas processing can 
provide sterile operating conditions and one-step production that 
can alleviate the current liposome sterilization issues [100, 101]. 

- Supercritical Fluid Injection and Decompression Method 
 The first dense gas techniques for the formation of liposomes, 
referred to as the injection and the decompression methods, were 
described by Castor and Chu in 1998 [102]. In the injection method, 
a mixture of lipid, organic solvent and compressed gas is injected 
through a nozzle into an aqueous solution. Alternatively, the de-
compression method involves a mixture of lipid, organic co-
solvent, compressed gas and aqueous solution being decompressed 
through a nozzle to form liposomes. In the injection method the 
compressed phase is sprayed into water, whereas in the decompres-
sion method, the aqueous phase is incorporated into the compressed 
phase, which is sprayed into air. The injection and decompression 
processes are capable of producing sterile and pharmaceutical grade 
liposomes of a pre-determined size with narrow particle size distri-
butions [103].  
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- Supercritical Fluid Method 
 Frederiksen et al. [104] described the supercritical liposome 
method in 1994, which is similar to the injection method developed 
by Castor and Chu [102] and produced small unilamellar vesicles 
(SUVs) with particle sizes between 20 and 50 nm [100, 104]. The 
process involves the dissolution of lipid and cholesterol into super-
critical carbon dioxide. The solution is then rapidly expanded into 
an aqueous phase containing the hydrophilic compound to be en-
trapped. The encapsulation efficiency was lower than that achieved 
using conventional liposome formation techniques [105].  

- Supercritical Reverse Phase Evaporation Process 
 Supercritical Reverse Phase Evaporation (SCRPE) method was 
developed by Otake et al. [101]. The lipid, organic co-solvent and 
compressed gas are combined in a stirred variable volume cell at a 
temperature above the lipid phase transition temperature. An aque-
ous solution is then slowly introduced to the cell. The pressure is 
reduced by the release of the compressed gas and liposomes are 
formed. The principle of the SCRPE method is similar to the de-
compression method. The trapping efficiencies achieved were 
extremely low [104, 105]. Otake et al. [106] recently developed a 
new method known as the improved supercritical reverse phase 
evaporation (ISCRPE) technique to avoid the use of organic sol-
vents in liposome formation and enhance the stability and the drug 
loading efficiency of the vesicles.

- High-pressure Homogenization Method (HPH) 
 High–pressure homogenizers are used for the preparation of 
liposomes and lipid dispersions because of their vesicle disruption 
capability. The sample is injected at high and constant pressure in a 
specially designed part of the homogenizer where rearrangement of 
liposome structure takes place due to turbulence, cavitations and / 
or shear phenomena. Properties of liposomes prepared by high-
pressure homogenization depend on the pressure and number of 
times that the sample is processed (number of cycles) [107, 108]. 
HPH is especially useful for the production of very small liposomes 
as they are especially suitable for intravenous applications [84]. 

- Dual Asymmetric Centrifugation (DAC) 
 Dual asymmetric centrifugation (DAC) is a special kind of 
centrifugation in which as usual a vial is turned around the main 
rotation axis with a defined distance and speed. The main difference 
of DAC to normal centrifugation is that the vial is turned around its 
own center (vertical axis) during the normal centrifugation process. 
The energy that transfers to the sample, in the form of mechanical 
turbulence and cavitations produces nanoliposomes with 60nm in 
size and homogenous size distribution. DAC has high trapping 
efficiency but this method is especially useful for producing batch 
sizes of about a gram or even less [109].  
 Table 1 shows the advantages and disadvantages of the conven-
tional methods of liposome production. 

TECHNIQUES FOR ENCAPSULATING BIOACTIVE 
AGENTS
 Selection of an encapsulation protocol is largely related to 
parameters such as encapsulation efficiency, drug/lipid ratio, drug 
retention, sterility, ease of preparation and scale up, compatibility 
with regulatory agencies, cost efficiency, as well as liposome and 
drug stability [27]. Two different ways for the encapsulation of 
bioactive compounds in liposomes can be distinguished: (i) bioac-
tive entrapment during the vesicle formation process (passive en-
capsulation) and (ii) loading the bioactive into intact vesicles (ac-
tive loading) [5].  

- Passive Trapping Techniques 
 The passive entrapment techniques rely on the ability of 
liposomes to capture a certain aqueous volume (including dissolved 

solutes) during vesicle formation [27, 110, 111]. For water soluble 
compounds which do not interact with the bilayer, the encapsula-
tion efficiency after passive encapsulation is proportional to the 
aqueous volume enclosed by the vesicles, which itself depends on 
the phospholipid concentration of the dispersion and the lamellarity 
and morphology of the vesicles. As with the less water-soluble 
drugs which interact with the bilayer, both encapsulation parame-
ters will depend more on the phospholipid concentration and selec-
tion than on morphological parameters [31]. During this process 
water-soluble (hydrophilic) molecules will be encapsulated inside 
the aqueous phase of the liposome while lipid-soluble (hydropho-
bic) agents will be located in the bilayer (lipidic phase) of the 
liposome. Amphiphilic molecules will be located in such way that 
the lipid-soluble part will be embedded between the liposomal 
lipids while their water-soluble part will be located in the liposo-
mal aqueous phase [5]. 

- Active Trapping Techniques 
 In principle, active trapping technique consists of the blending 
of ‘‘empty’’ liposomes with concentrated drug solution and thereaf-
ter incubation until the drug is equally distributed by diffusion 
[112]. This method has some advantages, because vesicle bilayers 
are sufficiently permeable for drugs to allow diffusion into the 
liposomes within reasonable time. The drug permeates through the 
lipid bilayers into the vesicles following the concentration gradient 
until equilibrium between the interior of the vesicles and the sur-
rounding medium is achieved [113]. The amount of hydrophobic 
drug that can enter in a liposome actually depends on packing 
restrictions in the lipid bilayer and, as a result, liposome formula-
tions for this class of drugs change sensationally from one agent to 
others. Water-soluble drugs interact with the polar head groups of 
phospholipids and are sequestered by the liposomes but amphiphilic 
agents are often difficult to retain inside liposomes as they can 
rapidly permeate through lipid bilayers [27]. The active loading 
technique, however, is restricted to a small range of drugs that 
behave as weak amphipathic bases or acids and can permeate bilay-
ers in the uncharged, but not in the charged, state. Active loading 
has certain advantages, because the active ingredient is not yet 
present during the preparation of the liposomes, hence the safety 
precautions that have to be taken when toxic drugs are handled may 
be minimized [114]. 

LIPOSOME CHARACTERIZATION 
 After production, characterization of liposome is required to 
qualify, quantify and approve the liposome capability for special 
application. Methods of characterization have to be exact and rapid.  

-Size and Size Distribution 
 Calvagno et al. [74] have demonstrated that the mean size of 
liposomes was influenced by both the lipid composition and the 
preparation method. They found that largest mean size and polydis-
persity values were obtained for liposomes which were composed 
of oleic acid and dipalmitoylphosphatidylserine (DPPS), respec-
tively. Oleic acid is also able to increase the liposome bilayer fluid-
ity. Mean size and size distribution are parameters that have to be 
modulated as a function of the proposed application for a certain 
liposomal system [115].  
 The mean size of an aqueous dispersion of liposomes can be 
measured by using dynamic light scattering (DLS) operating with 
heterodyne detection [107, 108].  
 Electron Microscopy techniques (e.g. Transmission Electron 
Microscopy, Scanning Electron Microscopy) are also used as direct 
imaging techniques for liposomes, enabling not only quantitative 
analysis (the number of particles) but also qualitative information 
on the size and shape of liposomes. DLS provides information 
about the size but not about the shape of the lipid vesicles. In con-
trast, electron microscopic techniques [116] make direct observa-
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tion possible, so the shape of liposomes and presence of any fusion 
or aggregation can be observed. Electron microscopic techniques 
also provide information on the bilayer thickness and interbilayer 
distance of liposome.  
 Atomic Force Microscopy (AFM) is very-high-resolution type 
of scanning probe microscopy that can create three-dimensional 
micrographs with resolution down to the nanometer and Angstrom 
scales [117]. AFM is also ideally suited to characterizing nanoparti-
cles, a more recently developed microscopic technique that can be 
used for the structural characterization of liposomes and has also 
been utilized to study the morphology, size, stability, and dynamic 
processes of lipid nanocapsules [118, 119]. AFM allows bio-
molecules to be imaged not only under physiological conditions but 
also during biological processes. 
 Gel permeation chromatography was performed to compare the 
elution characteristics, size distribution and homogeneity of the 
liposomes. 

 Chromatography is a kind of separation method which separates 
molecules in solution according to their size. With organic mobile 
phases, the technique is known as gel-permeation chromatography 
and with aqueous mobile phases, the term gel-filtration chromatog-
raphy has been used. The size separation takes place by repeated 
exchange of the solute molecules between the solvent of the mobile 
phase and the same solvent in the immovable liquid phase (station-
ary phase) within the pores of the column-packing material. The 
pore size range of the packing material in the column determines 
the molecular size range and separation can occur [5, 120]. 
 Size Exclusion Chromatography (SEC) separates liposomes on 
the basis of size and makes it possible to estimate the molecular 
mass of a compound. Liposomal delivery systems can be indicated 
during SEC elution by separating and collecting fractions and ana-
lyzing them by photon correlation spectroscopy (PCS). By addi-
tional analyses, e.g., with an enzymatic phosphatidylcholine assay, 

Table 1. Advantages and Disadvantages of Conventional Methods of Liposome Production 

Methods Advantages Disadvantages Application 

Bangham Simple process 
Contains the organic solvent, with agitation, large
vesicles without controlling on particle size, time

consuming, sterilization issue [86, 87] 

Diffusion of univalent ions across the 
liposome by Bangham et al. [86] 

Ethanol/ether injection Simple process 
Organic solvent residue, readily to nozzle block-
age in ether system, time consuming, sterilization

issue [91,92] 

Preparattion of Azithromycin 
liposomes by Wang and zhu [212] 

Reverse phase evaporation 
Simple design, suitable encapsulation 

efficiency 

Not suitable for encapsulation of fragile molecule
due to large quantity of organic solvent use, time 

consuming, sterilization issue [95] 

Amphotericin B liposomes preparation
by Rojanapanthu et al. [213] 

Microfluidic channel 
Control of particle size, production of 

vesicles with diameter up to 29 nm 
Not suitable for bulk production, organic solvent 

use, with agitation [96] 
Encapsulation of ferrous sulfate in 
liposome by Kosaraju et al. [56] 

Detergent depletion 
Simple design, homogenous product, 

control of particle size 

Contains of organic solvent, detergent residue, 
time consuming, poor entrapment efficiency, low

yield, need to sterilization [88] 

Liposome preparation by Winterhalter
and Lasic [214] 

Supercritical fluid injec-
tion and decompression 

Control of particle size, possible in 
situ sterilization, low organic solvent 

consumption 

High cost, low yield, high pressure up to 350 
bar used [102,103] 

liposome dispersion containing an 
active agent by Anton et al. [100] 

Improved/ supercritical 
reverse 

phase evaporation 

No need for using nozzles, one-step  
production, low organic solvent 

consumption, rapid process, scale-up 
potential, enhance stability 

High cost, high pressure up to 200 bar used 
[106] 

Preparation liposome with different 
phospholipids by Sakai et al.

[212] 

Dense Gas Techniques 

Possible in situ sterilization, produc-
ing stabilize and homogenous  

liposome, low organic solvent con-
sumption 

Need to multiple stages to achieve the final 
size of liposome, high pressure up to 200-300 

bar, readily block nozzles [84] 

Processing Pharmaceutical Com-
pounds by Foster et al. [216]  

Dual asymmetric cen-
trifugation 

Simple method, homogenous 
liposome production with 60 nm size, 

high trapping efficiency 

Not suitable for bulk production, high pres-
sure, with agitation [109] 

Preparation of vesicular phosphol-
ipids which  encapsulate calcein by 

Massing et al. [109]  

High-pressure Homog-
enization method 

Able to produce liposome with 
diameter up 1oo nm, simple design, 

suitable for bulk production 

High pressure, sterilization issue, not homoge-
nous liposome production, organic solvent 

residue [107, 217] 

PEG-modified CPT-11 liposomes 
by Li et al. [218]  

Heating method 
Simple design, organic solvent free, 
without need to sterilization, scalpe-

up possible 
Use of high temperature [97, 99] 

Preparation of liposomal gene 
therapy vectors by Mozafari et al. 

[97] 
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the lipid content of the liposomes can be determined in details 
[121].  

-Transition Temperature (TC)
 Amphipathic molecules such as phospholipids have an impor-
tant characteristic, they can undergo a thermotropic phase transition 
at temperatures much lower than their melting point. The tempera-
ture of transition depends on the nature of the hydrocarbon chains 
(acyl chain length, structure and degree of unsaturation of the hy-
drocarbon chains, presence of a methyl branch on the hydrocarbon 
chain), the polar region of the molecule and nature and ionic 
strength of the suspension medium (the amount of water molecules 
and any solutes dissolved in the water) [2, 122]. TC, is lowered by 
decreased chain length, by the degree of unsaturation of the acyl 
chains, as well as presence of branched chains and bulky side 
groups. Any hydrocarbon with cis-unsaturated tail will have a lower 
TC than those which are trans-unsaturated [122]. 
 Phase transitions and fluidity of phospholipid membranes are 
important in the manufacture and application of liposome. The 
phase behavior of a liposomal membrane determines some proper-
ties such as permeability, fusion, aggregation and protein binding. 
All of these properties affect the stability of liposomes and their 
applications [5]. 
 Transition temperature has important effects on the liposome 
properties. For example having low phase transition temperature is 
advantageous for liposomes as drug carrier systems due to the fact 
that actives stored in liposomes with high phase transition tempera-
ture are generally released slower than those encapsulated in 
liposomes with lower phase transition temperature. Consequently, 
determining the transition temperature of liposome is very impor-
tant [69]. 
 Differential scanning calorimetry (DSC) has been used exten-
sively for the determination of transition temperatures of phosphol-
ipids [123, 124]. 

-Surface Charge 
 The surface charge of liposomes can be varied, they could be 
neutral (by employing phospholipids such as phosphatidylcholine, 
or phosphatidylethanolamine), negative (with acidic phospholipids 
such as phosphatidylserine, phosphatidylgelycerol, phosphatidic 
acid or dicetylphosphate) or positive (by the use of lipids such as 
dioleoyl trimethyl ammonium propane (DOTAP) or stearylamine) 
in physiological pH ranges. Liposomal charge is an important char-
acteristic that determines liposome stability and encapsulation 
efficiency. The electrostatic attraction between charged bioactives 
and liposomes is a mean to increase entrapment efficiency [125, 
126]. The charge density of liposomal surfaces and the binding 
affinity of various ions to the lipid vesicles can be determined by 
measuring a parameter called zeta potential.
-Zeta Potential  
 Zeta potential is a function of the surface charge of the lipid 
vesicle, any adsorbed layer at the interface and the nature and com-
position of the medium in which liposome is suspended. Zeta po-
tential is not measurable directly but it can be calculated using 
theoretical models and an experimentally-determined electropho-
retic mobility or dynamic electrophoretic mobility [113].  
 The greater zeta potential causes the liposomal suspension to be 
stable because the charged vesicles repel each other and thus over-
come the natural tendency to aggregate. The lipid vesicles will 
aggregate, fuse, fluctuate and precipitate during storage. Increasing 
inter-particle repulsion, either electrostatic or steric, can enhance 
their stability [35]. The surface charge of liposomes can influence 
blood circulation time. Zeta potential values are influenced by lipid 
composition of liposomes [127]. 

 Filion and Phillips [126] used Doppler electrophoretic light 
scattering for zeta potential measurement of liposomes formulated 
with cationic lipids. 
 Laser doppler electrophoresis (LDE) and Zetasizer [113, 124] 
measure the zeta potential by applying an electric field across the 
dispersion of liposomes. 

- Fluidity 
 Bilayer fluidity reflects the order and dynamics of phospholipid 
alkyl chains in the bilayer. The influence of liposome composition 
on bilayer fluidity and its effect on the liposome application were 
investigated by Coderch et al. [79]. The presence of cholesterol in 
the membrane structure weakens Vander Waals-interactions be-
tween hydrocarbon chains of fatty acids and prevents liposome 
crystallization [128] and effect on bilayer fluidity. Researchers 
demonstrated that the incorporation of some fluid lipids into the 
bilayer of liposomes could interfere with the barrier function and 
thus lowering its phase transition temperature (TC ) and increasing 
its fluidity [74, 129]. 
 The release of the entrapped drug from the liposome depends 
on the number of bilayers, and the bilayer permeability and fluidity 
of the bilayer [74, 130]. 
 Electron paramagnetic resonance (EPR), H NMR spectroscopy 
and depolarization of fluorescence methods are generally used to 
study liposome fluidity [128]. 
 EPR is a useful technique for determining fluidity and the struc-
tural changes of the lipid bilayers of liposomes [79]. 

- Lamellarity Determination 
 Among the most important characteristics of lipid vesicles are 
generally their lamellarity and size. Lamellarity is the number of 
lipid bilayers surrounding the inner aqueous space of the lipid 
vesicles. Vesicles are observed in the intermediate protonation 
range, as independently confirmed by various analytical techniques, 
for instance, electron microscopy [131]. 
 Direct microscopical observation gives information about size, 
homogenity of the sample and lamellarity of liposomes [17]. 
 Lamellarity of a liposome preparation can be also determined 
by using 31P-nuclear magnetic resonance (NMR) to monitor the 
phospholipid phosphorus signal intensity at the outer monolayer 
compared to the total signal [132-134]. 
 Ruozi et al. used Nuclear magnetic resonance (NMR) and the 
Electron paramagnetic resonance (EPR) to investigate the lamellar-
ity, the permeability of the bilayer and the influence of particle size 
on the liposomal transport of bioactive molecules [135].  

- Encapsulation Efficiency / Entrapment Efficiency 
 Bioactives can interact with liposomes in several different 
styles depending on their special properties such as solubility and 
polarity. They can be entrapped in the lipid bilayer phase, interca-
lated in the polar head groups, adsorbed on the membrane surface, 
anchored by a hydrophobic tail or encapsulated in the inner aqueous 
compartment [121].  
 A major achievement in the medical application of liposomes is 
the ability to load sufficient amount of drug needed to achieve 
therapeutic efficacy [82]. Liposome - encapsulated compound 
refers to a compound which is sequestered, at least in part, in the 
internal compartment of liposome or within the liposomal mem-
brane [136]. 
 Knowledge of liposome characteristics is required to develop 
liposome formulations that have optimal entrapment efficiencies 
and allow the controlled release of bioactives. Lipid composition 
and preparation method can influence the entrapping efficiency of 
liposome formulations. Addition of cholesterol significantly alters 
the entrapment efficiency [17]. 



444 Current Nanoscience, 2011, Vol. 7, No. 3 Maherani et al. 

 The encapsulation efficiency of liposome depends on the rigid-
ity of the bilayer membrane. Laridi et al. [137] encapsulated nisin Z 
in liposome and found that the encapsulation efficiency of 'soft' 
liposomes (having melting temperatures near 25°C) was about to 
10%, whereas a 'hard' liposome (melting temperature of 65°C) had 
an encapsulation efficiency of 35%. They also found that by addi-
tion of fluidizing agents such as cholesterol, the encapsulation 
efficiency of these systems reduced [137]. 
 Water-soluble labeled bioactive molecules (e.g. radioactive or 
fluorescently labeled) are used to determine encapsulation effi-
ciency, release profile and leakage kinetics of liposomes [138]. 
 Most of the reported experimental methods to determine 
liposomal encapsulation efficiency, require removal of the free 
(unencapsulated) bioactives from liposome encapsulated bioactives 
by column chromatography [139], size exclusion chromatography 
(SEC) [55], ultracentrifugation [54], equilibrium dialysis 
(ED)[140], ultrafilteration [141], before quantification of the en-
trapped material by analytical techniques such as UV/VIS Spec-
trometery, HPLC, Spectrofluorimetry [140, 142, 143]. Oku et al.
[144] determined liposomal encapsulation efficiency using the 
fluorescent dye calcein based on fluorescence quenching of the 
untrapped calcein by addition of cobalt cation. This method, in 
contrast to the common entrapment efficiency evaluation methods, 
does not require application of any separation technique. 
 Entrapment efficiency of liposomes was determined fluoromet-
rically by using a fluorescence spectrophotometer (fluoroscence 
quenching of calcein) by Were et al. [55].  
 Electron spin resonance (ESR) spectroscopy has also been used 
to determine the liposomal encapsulation efficiency whereby the 
addition of a paramagnetic agent such as ferricyanide results in 
significant broadening of the external spin-labeled marker [145]. 
Advantage has also been taken of the difference in diffusion coeffi-
cients between an entrapped and free marker substance such as 
sucrose using diffusion-ordered 2D NMR spectroscopy to assess 
entrapment efficiency [146]. 
 Zhang et al. [139] presented a rapid and simple experimental 
approach using 1H NMR in conjunction with a pH-sensitive marker 
compound (homocarnosine) to determine the liposomal encapsula-
tion efficiency without the need to physically separate free from 
encapsulated marker. 

-Liposome Stability 
 Liposome stability is one the most important factors in 
liposome applications and depends on a number of factors such as 
size and chemical composition of the vesicles. Liposomal drug 
products have to be stable for over two years at a minimum accord-
ing to the regulatory principles of FDA [112]. 
 Liposome is a relatively unstable colloidal system. Liposome 
stability can be divided into physical, chemical, colloidal and bio-
logical stability. All of these three aspects are interrelated.  
 The physical stability depends on the natural curvature of the 
lipid mixture (equilibrium curvature of the liposome), and the rigid-
ity of the bilayer. More rigid membranes (with higher melting 
points) with curvatures near to their natural curvature would be 
more stable against disorders such as temperature increase, shear, 
vibration, freeze-thawing cycles [13]. 
 Chemical stability refers to the ability of liposome to maintain 
the level of encapsulation efficiency with changes in solution chem-
istry such as pH, electrolyte composition, oxidizing agents, and 
presence of surface active compounds (e.g. surfactants, cholesterol, 
bile salts). 
 Colloidal stability mentioned by ability of the liposomes to 
maintain their size under various storage conditions [147]. 
 Chemical degradation reduces the biological and physical sta-
bility of liposomes. Reduction of physical stability due to aggrega-

tion or drug leakage reduces liposome utility. The major chemical 
reactions are acyl ester bond hydrolysis and oxidative damage to 
polyunsaturated acyl chains, cholesterol, and (primary) amino 
groups. As for physical stability, the most important parameters in 
quality control and characterization of liposomal formulations are 
liposome size distribution and liposome physical integrity [21, 
112]. 
 Vesicles are stabilized based upon formation of different forces: 
Vander Waals forces among the phospholipids, repulsive forces 
among charged groups of phospholipid molecules, repulsive forces 
of the head groups of phospholipids and also short-acting repulsive 
forces. 
 Electrostatic repulsive forces are formed among vesicles upon 
addition of charged ingredients to the double layer, enhancing the 
stability of the system [17]. 
 To overcome instability problems, liposomes may be freeze-
dried. However, freezing may cause phase-transition changes, 
osmotic stress, and the expansion of bilayers due to ice formation 
[148]. This, in turn, may lead to bilayer disruption, fusion, and 
vesicle aggregation, resulting in loss of entrapped material and 
changes in liposome size distribution. Such effects can be mini-
mized by the inclusion of cryoprotectants (e.g., disaccharide sugars) 
within the liposome formulations [149, 150]. As an alternative to 
freeze-drying, proliposome approach to liposome formation have 
been described as a mean of enhancing stability [151]. Prol-
iposomes may be of two types: particulate-based proliposomes 
comprise soluble, free-flowing carrier particles coated with phos-
pholipids [152], whilst alcohol-based proliposomes comprise a 
concentrated alcoholic solution of phospholipids [153]. Both these 
types of proliposomes generate liposomes on addition of an appro-
priate aqueous phase. 
A) Degradative Damage upon Long-Term Storage  
 The long-term storage under specified conditions (e.g. tempera-
ture, light) affects the chemical and physical stability of liposomes. 
Some materials such as cholesterol and antioxidants provide protec-
tion against liposome degradation. Cholesterol in lipid bilayers has 
a role as an antioxidant in biological membranes [154]. With re-
spect to long-term storage, two stability aspects have been consid-
ered for systems containing liposomes: (i) the liposome components 
may be degraded by hydrolysis and/or oxidation, and (ii) the physi-
cal structure of the liposomes may be affected, by aggregation, 
fusion or changes within the bilayer [112].  
- High-performance liquid chromatography (HPLC) equipped 
with special column material with superior separation properties 
was introduced for the evaluation of liposome stability [155, 156]. 
On the detector side, several technologies such as Evaporative 
Light Scattering Detectors (ELSD) entered the field providing 
quantification approaches for liposome analysis.  
- Evaporative Light Scattering Detectors (ELSD) is becoming the 
detector of choice to quantitate, UV-insensitive material such as 
most phospholipids. Moreover, the response of a UV detector is 
sensitive toward oxidative changes in phospholipids. ELSDs can be 
used to monitor phospholipid stability during liposome formulation 
studies [157]. 
- Mass spectrometric (MS) analysis in combination with HPLC 
enables quantification of different phospholipids in the sample. 
Reverse-Phase High-Performance liquid Chromatography _ Elec-
trospray ionization–Mass spectrometer setup were able to quantify 
the lipids, also to assign acyl chain positions on the phospholipid 
molecule [158]. 
- Lasic and Papahadjopoulos used radiolabeled liposomes to 
evaluate and determine formulation parameters that would preserve 
physical stability under physiological conditions in circulation [31]. 
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- Tchoreloff et al. used Transmission electron microscopy to 
observe the stability of liposome vesicles and their tendency to 
aggregate [159]. 
B) Lipid Peroxidation 
 Lipid oxidation, also called lipid peroxidation (LPO) or lipid 
auto-oxidation, is mediated by free radicals, leads to the formation 
of a broad spectrum of intermediates and products, and has long 
been a problem in the preparation and preservation of the lipid-
based formulations [160].  
 In liposomal formulations, the two main types of lipid compo-
nents, phospholipids and cholesterol, are susceptible to peroxidation 
reactions [161]. Oxidation of phospholipids takes place in their 
unsaturated, mainly polyunsaturated fatty acid (PUFA) chains 
[162].  
 Acyl chain and cholesterol peroxidation are interrelated. Cho-
lesterol seems to inhibit phospholipid acyl chain peroxidation in the 
lipid bilayer, and the PUFA level influences cholesterol peroxida-
tion, with higher PUFA levels decreasing cholesterol peroxidation 
[163, 164]. 
 Normally, oxidation is hardly a problem in practise, but it can 
be minimized by using an inert atmosphere (e.g., nitrogen), metal-
complexing agents (e.g., EDTA) and antioxidants (e.g., �-
tocopherol) [31].  
 Several techniques are available for measuring and quantitating 
the rate of LPO in membranes. Quantitative determination of indi-
vidual fatty acids (using GC) or cholesterol (using HPLC) enables 
an accurate follow-up of liposome lipid degradation [165]. 
- Variations in liposome size and polydispersity index are indica-
tive of liposome stability. Liposome size, homogeneity, and stabil-
ity can be determined by laser light scattering, by gel filtration 
columns and freeze fractures Electronic Microscopy [113]. 
- Oxidative Stabilization 
 Preventive and protective procedures are generally performed 
to minimize oxidative damage. Preventive procedures include the 
efficient chelating of ions of transition metals such as Fe+2 and Cu+2

and protection from light and from exposure to air [162].  
 These preventive measures are not sufficient to prevent LPO 
completely. Therefore, in many cases there is a need to use addi-
tional preventative methods. A common strategy of protection 
against LPO employs reducing agents (conventional antioxidants) 
that act as preventive and chain-breaking antioxidants (e.g. �- toco-
pherol) (Lichtenberg and Barenholz, 1988). The stabilizing effect of 
the various carbohydrates such as Trehalose, have also been re-
ported [150]. In fact, a wide spreading application for Trehalose has 
been reported, ranging from stabilization and preservation of vac-
cines and liposomes to hypothermic storage of human organs [149]. 
Trehalose is very effective at preventing of fusion between 
liposomes during drying and it is able to inhibit leakage of water-
soluble marker from unilamellar liposomes during freeze-drying 
[149, 150]. 
 Trehalose is prominently listed as an ingredient in cosmetics 
[166]. Trehalose has been shown by several groups to suppress 
free-radical damage [167], protect against damage from anoxia 
[168, 169], inhibit dental caries [170], enhance ethanol stabilize and 
the flavors in foods [171]. 
C) Liposome Hydrolysis 
 In aqueous liposome dispersion, the liposomal phosphohpids 
can be hydrolyzed to free fatty acids and 2-acyl and 1-acyl lys-
ophospholipids [172, 173]. Further hydrolysis of both of the above-
mentioned lysophospholipids results in glycerophospho com-
pounds. The hydrolysis of liposomal phospholipids is catalyzed by 
protons and hydroxyl ions and the hydrolysis rate reaches a mini-
mum at pH 6.5 [174]. The effect of temperature on the hydrolysis 
rate of phospholipids can be adequately described by an Arrhenius 

equation, if no phase transitions occur in the experimental tempera-
ture range [172, 175]. 
- The phospholipids hydrolysis determined by quantification of 
Non-Esterified Fatty Acids (NEFA) by using a Biochromatic ELISA
reader [176]. 
 The most conventional methods for characterization assays of 
liposome formulation are represented in Table 2.

LIPOSOME TARGETING MECHANISMS 
 One of the challenges in nanotherapy is to reduce or completely 
eliminate side-effects. If bioactive agents act solely on their chosen 
target to produce the desired effect without causing unwanted ef-
fects on other systems, their usefulness will be enhanced signifi-
cantly [177]. One of the most important aspects of nanomedicine 
and nanotherapy is the targeting of therapeutic agents to the desired 
organs and tissues using special nanocarrier systems. Because of 
their unique properties, nanosystems enhance the performance of 
medicines by improving their solubility and bioavailability, increas-
ing their stability and establishing high concentrations of bioactives 
in target cells and cellular compartments in order to gain therapeu-
tic efficiency [17]. 
 The use of liposomes for targeted drug delivery offers several 
advantages over direct conjugation of a targeting ligand to the 
therapeutic agent. First, the availability of functional groups for 
direct ligand conjugation to a drug molecule may be limited, ren-
dering the conjugation chemistry problematic. Second, biological 
activity can be compromised, requiring the additional construction 
of a cleavable linker to enable drug release following endocytosis. 
Moreover, multiple drug molecules can be delivered upon internali-
zation in a single liposome, whereas only single drug molecules are 
generally delivered following the uptake of directly conjugated 
agents. Thus, targeted liposomal formulations may be preferred 
over directly conjugated therapeutic agents [178]. 
 Targeted delivery can be achieved by either active or passive 
targeting.  

A) Active Targeting  
 Active targeting, involves the directed movement of the lipid 
vesicle to the given organ, tissue or cell before release of bioactive 
agent occurs. This can be achieved via appropriately engineered 
modifications to the liposomal structure. For active targeting of 
liposomes, thermo-labile, pH- sensitive, photo-sensitive and anti-
body coated vesicles have been designed [179, 180].  
- Active targeting can also be achieved by utilizing external 
stimuli such as ultrasound, magnetic or laser field and light [181]. 
Experiments have shown that ultrasound focused on tumor tissue 
causes the release of drugs from polymeric micelles only at the 
tumor site [182]. This method has some advantages as well as some 
disadvantages. The beneficial effects, with respect to drug and gene 
delivery, include the loosening of cell-to-cell junctions, the perme-
abilization of cell membranes, the stimulation of stress response (or 
other) pathways in cells, the release of drugs and genes from vari-
ous carriers, the deposition of heat and the activation of some 
chemicals by free radicals. The detrimental effects include un-
wanted cell injury / death and degradation of the drugs and polynu-
cleotides. Thus one of the challenges to ultrasonic drug and gene 
delivery is to find the correct balance of ultrasonic parameters that 
maximize helpful and minimize harmful effects in order to create a 
functional therapeutic approach [182, 183].  
- Magnetic drug targeting (MDT) uses paramagnetic particles as 
drug carriers, for accumulating them in target tissues by using 
strong local magnetic fields, and has been used in the treatment of 
cancer patients with some success [184]. Zheng et al. reported that 
the magnetic drug targeting was applicable in gene delivery [185]. 
 Magnetic particles have been widely used in various aspects in 
biotechnology and biomedicine fields, such as biosensor, MRI 
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contrast agent, cell separation, immunoassay, targeted drug deliv-
ery, and hyperthermia and they have a long and controlled sus-
tained release profile by changing the number of polymeric lipid 
layer [186]. 
- Asmatulu et al. synthesized biodegradable magnetic nanosys-
tems for the purpose of magnetic targeted drug delivery [187]. 
However, the amount of drug that magnetite nanosystems can carry 
is limited, and stability of the dispersion with respect of precipita-
tion and oxidation need to be improved. Coating with polymers is a 
good route to solve these problems, for example, recently the re-
sults have shown that different problems are associated with drug 
delivery across the blood brain barrier (BBB) will be solved by 
using polymeric/solid lipid nanoparticles [188, 189].  
 A potential benefit of using magnetic nanosystems is the use of 
localized magnetic field gradients to attract the particles to a chosen 
site and the possibility to hold them until the therapy is complete 
[190]. 

- In order to release the liposomal content at the target site, pho-
tosensitivity is another property that has been introduced into 
liposomes. Photosensitive liposomes have been produced by con-
junction of retinoids, photopolymerizable or photolabile lipids and 
lipoidal derivatives of retinoic acid into bilayer membranes [180]. 
The photoactive agents in the lipid bilayer were used for destabiliz-
ing the liposome membrane and causing the release of contents in 
the aqueous compartment due to exposure to UV-A, UV-B or 
gamma [191, 192]. 
- The pH-sensitive carriers destabilize endosomal membrane 
under the low pH inside the endosome / lysosome compartment and 
liberate the entrapped bioactive into the cytoplasm and the 
liposomes subsequently fuse with the endosomal membranes result-
ing in release of their contents into the cytosol [193]. 
- Recently, a number of methods have been developed for the 
modification of the liposome surface using thermally responsive 
polymers to enhance the temperature-sensitivity of the vesicles. 

Table 2. Characterization Assays for Liposomal Formulations 

Basic Assays Methodology 

pH pH meter 

Osmolarity Osmometer 

Lipid concetration Lipid phosphorus content, HPLC, Enzymatic assays, HPTLC 

Lipid composition TLC, HPLC 

Cholestrol concentration HPLC, HOTLC, Enzymatic assays 

Lipid hydrocarbon chains composition GC 

Residual organic solvent GC 

Heavy metals NMR 

Chemical stability 

Lipid hydrolysis HPLC, HPTLC 

Lipid hydrocarbon chain oxidation Lipid peroxides, Conjugated dienes, Fatty acid composition (GC), TBA method

Free fatty acid concentration HPLC 

Cholestrol oxidation HPLC, TLC 

Physical stability 

Apperance, coclor, clarity  Pharmacopoeia methods 

Vesicle size distribution, submicron range DLS, SLS, Electron Microscopy, HPSEC, Turbidity 

Micron range Light obscuring method, Light microscopy, Laser diffraction, SLS, Coulter counter 

Lamellarity Elecctron microscopy 

Zeta potential Electrophoretic mobolity , Zetasizer  

Thermotropic phase behaviour DSC, NMR, FTIR, Fluorescence spectroscopy, Raman spectroscopy 

Phase separation DSC, NMR, FTIR, Fluorescence spectroscopy, Raman spectroscopy, ESR, turbidity, AFM 

Microbiological assay 

Sterility Pharmacopoeia methods 

Endotoxin Pharmacopoeia methods (LAL) 

Abbreviations: HPLC, high-performance liquid chromatography; HPTLC, high-performance thin-layer liquid chromatography; TLC, thin-layer chromatography; GC, gas chromatog-
raphy; NMR, nuclear magnetic resonance; TBA, thiobarbituric acid; DLS, dynamic light scattering; SLS, static light scattering; HPSEC, high-performance size-exclusion chromatog-
raphy; DSC, differential scanning calorimetry; FTIR, Fourier transform infrared spectroscopy; ESR, electron paramagnetic spin relaxation spectroscopy; AFM, atomic force micros-
copy; LAL, limulus amebocyte lysate assay. Source: Adapted from  [111]. 
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This mechanism can be used for increasing the release of anti-
cancer drugs at external hyperthermic temperatures of tumors [194, 
195]. Temperature-sensitive liposome is a kind of targeted delivery 
system, which releases its contents in response to environmental 
temperature. Liposomes that exhibit a response at few degrees 
above physiological temperature are considered to be especially 
useful for site-specific targeted delivery of drugs in the body be-
cause such liposomes can release drugs specifically at a target area 
where heat is applied [196].  
 Li et al. [197] hypothesized that: (i) The sol–gel transition 
temperature of thermosensitive targeted drug delivery system 
should be below the body temperature, and its gel–sol transition 
temperature should be greater than physiological body temperature , 
(ii) The thermosensitive drug delivery system has none or a little 
release in the body temperature, while it possess large accumulative 
release at higher temperatures of the tumor site, about (40–44°C), 
(iii) In order to be effective, the thermosensitivity of drug delivery 
systems should be among a narrow temperature range. Tempera-
ture-sensitive drug delivery system should have a reversible struc-
tural transition from a closed form to an open form as a result of 
changes the external temperature giving on–off switches for active 
drug delivery.   
- Active targeting of a therapeutic agent can be obtained by 
conjugating the therapeutic agent or the carrier system to a tissue or 
cell-specific ligand. Conjugation of targeting ligands to bioactives 
or carriers is the most conventional method of site-specific drug 
delivery. For this purpose, various techniques have been devised, 
including covalent and non-covalent conjugation [198]. Direct 
coupling of bioactives to a targeting ligand restricts the coupling 
capacity to a few bioactive molecules. In contrast, coupling of 
nanocarriers to ligands allows import of thousands of bioactive 
molecules by means of one receptor targeted ligand [199, 200]. The 
coupling reactions must not affect the biological activity of ligand 
and should not adversely affect the structure of nanocarrier systems. 
Moreover, such coupling reactions must be optimized so that bind-
ing of ligands takes place in a homogeneous manner on the surface 
of the nanocarrier system. The identity and characteristics of the 
targeting moiety are important for circulation time, cellular uptake, 
affinity and extravasation [201]. Virosomes [202, 203], or artificial 
virus particles, are one type of liposomes that contain reconstituted 
viral proteins in their structure. Due to the presence of the special-
ized viral proteins on the surface of virosomes, they can be used in 
active targeting [177, 204]. 
- Another class of lipid vesicles designed for active targeting of 
their encapsulated / entrapped material inside the body is known as 
immunoliposome. The immunoliposomes possess moieties such as 
antibodies, carbohydrates and hormones on the outer surface of 
their membrane [205, 206]. Various ligands can be attached to the 
outer surface of the lipid vesicles by either insertion into the mem-
brane, adsorption to the surface, via biotin - avidin pair or through 
the most preferable method covalent binding [161]. These ligands 
attached to the immunoliposome have a complementary binding 
site on the target cell. 

B) Passive Targeting 
In this method the bioactive-carrier complex reaches its destina-

tion by following the physio-anatomical conditions of the body. 
Site-specific delivery is achieved based on the physicochemical 
properties of bioactive carrier complexes and does not require 
utilization of any targeting strategy. The clearance kinetics and in 
vivo biodistribution of carrier systems depend on the physicochemi-
cal factors like size, charge and hydrophobicity and can be manipu-
lated to enable passive targeting [207]. 
 Liposomes with a mean diameter of 100-nm, for example, can 
selectively extravasate in tissues characterized by leaky vasculature 
such as solid tumors [208], while liposomes with larger diameters 
(� 1 micrometer) are taken up by the reticuloendothelial system 

(RES) in a passive manner. Stealth carriers are a kind of liposomes, 
which can be made by covering the surface of the lipid vesicles 
with hydrophilic chains to prevent opsonization [209]. This will 
provide liposomes with long circulation time and less elimination 
from the blood and, as a result, higher drug uptake. The vesicles 
will migrate and accumulate in the tumorous or infected area and as 
the stealth liposomes become degraded, they will release their drugs 
into the surrounding area [210, 211]. This is an example of passive 
targeting because the stealth liposomes migrate and treat the injured 
area passively, without employing any active targeting strategy.

SUMMARY 
 Due to their unique properties, including low cytotoxicity, good 
biocompatibility and biodegradability, liposomes possess wide 
applications in different fields including gene and drug delivery, 
food and nutrition industries and cosmetics. Most of the liposome 
producers are interested in using a low cost and simple process 
without contamination of the product. Many processes are under 
development to produce sterile and homogenous liposome with low 
cost and high stability and eliminate organic solvent usage. The 
method of preparation has significant effects on liposome properties 
such as size, shape and lamellarity, which, in turn, determine the 
encapsulation and entrapment efficiency. Several techniques are 
available for assessing physical and chemical properties of 
liposomes. However some of them are time consuming and involve 
high operation costs. 
 One of the most important aspects of nanomedicine and nan-
otherapy is the targeting of therapeutic agents to the desired organs 
and tissues using special nanocarrier systems of different natures to 
cure human diseases. Recently, a number of methods have been 
developed in order to modify the liposome structure and improve 
their stability as well as establishing high concentrations of bioac-
tives in the target cells and cellular compartments in order to gain 
maximum therapeutic efficiency. Active targeting can be achieved 
via appropriately engineered modifications to the liposomal struc-
ture. For active targeting of liposomes, thermo-labile, pH-sensitive, 
photo-sensitive and antibody coated vesicles, have been designed. 
By passive targeting, the bioactive-carrier complex reaches its 
destination based on the physicochemical properties of bioactive 
carrier complexes and does not require utilization of any targeting 
strategy. 

ABBREVIATIONS
AFM = Atomic Force Microscopy  
BBB = Blood brain barrier  
DAC = Dual asymmetric centrifugation  
DCP = Dicethylphosphate  
DHA = Docosahexaenoic acid 
DLS = Dynamic light scattering  
DOTAP = Dioleoyl trimethyl ammonium propane 
DPPS = Dipalmitoylphosphatidylserine  
DSC = Differential scanning calorimetry  
ED = Equilibrium dialysis  
ELSD = Evaporative Light Scattering Detectors  
EPA = Eicosapentaenoic acid 
EPR = Electron Paramagnetic Resonance  
ESR = Electron spin resonance  
HLB = hydrophilic- lipophilic balance  
HPH = High-pressure Homogenization  
HPLC = High-performance liquid chromatography  
ISCRPE = Improved supercritical reverse phase evapora-

tion  
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LDE = Laser doppler electrophoresis 
LPO = Lipid peroxidation  
MDT = Magnetic drug targeting  
MLV = Multilamellar vesicle  
MS = Mass spectrometric  
MVV = Multivesicular vesicle  
NEFA = Non-Esterified Fatty Acids  
NMR = Nuclear magnetic resonance  
PCS = Photon correlation spectroscopy  
PEG = Poly ethylene glycol  
PUFA = Polyunsaturated fatty acid  
RES = Reticuloendothelial System  
SA = Stearyl amine  
SCRPE = Supercritical Reverse Phase Evaporation  
SEC = Size Exclusion Chromatography  
SUV = Small unilamellar vesicles 
Tc = Transition temperature  
ULV = Uunilamellar vesicles. 
VPGs = Vesicular phospholipid gels  
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