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ABSTRACT 

 

Lipid vesicles are nano spherical containers made from lipid 

molecules. The formation of vesicles is due to the nature of lipid 

molecules, which have hydrophilic and hydrophobic parts. When they are 

exposed to an aqueous environment, the hydrophobic parts will hide from 

the water, while hydrophilic part will face the water. As a consequence, 

they will form a bilayer, and eventually enclose to a vesicle. The varieties 

of lipid molecules available for vesicle compositions enrich them to have 

a wide range of physical properties, including the fluidity, permeability, 

and the strength.  To be used as nanocarriers in drug delivery system, 

lipid vesicles should have ability to contain the drugs and deliver them 

directly to the targeted site in the body. Lipid vesicles  have advantageous 

to be used as nanocarriers in drug delivery system since they are 

biocompatible, they can encapsulate both  hydrophobic and hydrophilic 

drug, and they can be modified by combination with other materials such 

as polymers and ligands to face biology challenges in the body.  
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INTRODUCTION 

 

Lipid vesicle is a spherical nano container 

composed of lipid molecules which arrange themselves 

in the form of a bilayer, separating the inside aqueous 

materials to the outside aqueous environment. Lipid is 

an amphiphilic molecule, i.e., one part is hydrophilic and 

the other is hydrophobic. It is the nature of these 

amphiphilic molecules, which cause them to form of a 

bilayer, which spontaneously encloses to form a vesicle, 

when introduced to an aqueous environment (Figure 1). 

Lipid vesicles were first introduced in 1965 by Bangham 

and his colleagues, who described them as swollen 

phospholipid systems, which were used as model 

membrane systems [1]. In the following years after the 

introduction, the systems were developed and were 

known as bangasomes, and then liposomes. This is why 

lipid vesicles are also known as liposomes nowadays, 

and these two terms are used interchangeably. 

 

 
Figure 1. Diagram of lipid molecules in water, which 

spontaneously form a bilayer and enclose to a 

vesicle. 

 

There are numbers of methods used to prepare 

nano size lipid vesicles.  Two of the popular and widely 

used ones are: extrusion [2,3,4] and sonication [5,6]. In 

extrusion, lipid suspensions are repeatedly forced several 

times through the well defined size pores in a 

polycarbonate membrane filter, while in sonication, the 

suspensions were disrupted by sonic energy. Vesicles 

formed by extrusion have diameter varying from 50 nm 

to  200 nm, depending on the size of the pores and the 

pressured applied in extrusion process [4,7], and vesicles 

formed by sonication have diameter varying from 15 nm 

to 50 nm [8]. 

Since lipid vesicles can contain a material inside 

them and separating it from the outside environment, 

they can be used as nanocarriers.   For examples, they 

have been used to contain many therapeutic agents, such 

as: drug molecules [9], gene therapy and bioactive 

agents [10]. The choice of lipid vesicles as nanocarriers 

in drug delivery system is an advantageous, since lipid 

molecules are biocompatible.  

In drug delivery system using lipid vesicles as 

nanocarriers, the drug materials are loaded into the 

vesicles and are sent to the diseased tissue inside the 

body.  Therefore to be used as nanocarriers, lipid 

vesicles should own chemical, biological, and physical 

properties in such a way that they are able to execute the 

job. These properties depend on the composition of 

lipids in the vesicles, other agents introduced, properties 

of drug materials, and medium surrounding the vesicles. 

In this review article, we explain the physical 

properties of lipid vesicles, showing that the vesicles can 

fulfil the criteria as nanocarriers. Since the physical 

properties of any material are determined by its 

composition, the review will start with description of 

various lipid molecules used to form lipid vesicles. 

Description of some physical properties relating to the 

job of nanocarriers is at the next section. These include: 

fluidity and permeability of the lipid bilayer, as well as 

the strength of the membrane. At the final section, we 

describe the relationship between the physical properties 

and the use of lipid vesicles as nanocarriers. This review 

is written with an emphasis on pedagogic purposes. 

 

Phospholipids Molecular Structure  

There are various lipid molecules, which can be 

found in plasma membranes [11]. However, since 

phospholipids are commonly used in vesicles formation 

[12], we mostly explain phospholipids in this article.  In 

general, there are two parts of the lipid molecules: 

hydrophilic part, the head of the molecule, and 

hydrophobic part, the tails of the molecule. 

Phospholipids contain a phosphate group as the 

hydrophilic part, and two fatty acid chains as the 

hydrophobic part, where the two parts are connected by 

alcohol. The phospholipids, then, can be distinguished 

one from the others by the variation in headgroup, in the 

chains, and the alcohols. Based on the alcohol linking 

the headgroup and the chains, phospholipids can be 

classified as glycerolphospholipids and sphingomyelins. 

In glycerolphospholipids the alcohol is a glycerol, while 

in sphingomyelin, it is a sphingosine. For convenience, 
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we just discuss glycerolphospholipids in this review 

article, and just write it as phospholipids.  

Based on the headgroup, phospholipids can be 

classified as phosphatidylcholine (PC), 

phosphatidylethanolamine (PE), phosphatidylinositol 

(PI), phosphatidylserine (PS), phosphatidic acid (PA), 

phosphatidylglycerol (PG), and cardiolipin (CL). In pH 

7, PC and PE are electrically neutral, while others are 

negatively charged. The chains of the phospholipids 

differ in the number of carbons and number of carbon-

carbon double bonds. Lipids with double bond/s are 

called unsaturated lipids, while the ones without double 

bond are called saturated lipids. The shortest chain for a 

saturated lipid is a 12 carbon chain lauric acid, followed 

by 14 carbon myristic acid, 16 carbons palmitic acid, 18 

carbons stearic acid, 20 carbons arachidic acid, 22 

carbons behenic acid, and 24 carbons lignoseric acid. 

Two of the popular examples of unsaturated chains are: 

palmitoleic acid with 16 carbons with 1 double bond, 

and oleic acid with 18 carbons with 1 double bond.  

Figure 2 show diagram of 1-palmitoyl-2-oleoyl-

sn-glycero-3-phosphatidylcholine (POPC), an example 

of unsaturated lipid, and 1,2-Dimyristoyl-sn-glycero-3- 

phosphatidylcholine (DMPC), an example of saturated 

lipid. POPC has 16 carbons (palmitic acid) and 18 

carbons with one double bond (oleic acid), while DMPC 

has both 14 carbons (miristic acid). There is a kink at 

POPC chains due to the presence of double bond.  

 

 
 

Figure 2. Molecular structure of POPC, an example of 

unsaturated lipids, and DMPC, an example of 

saturated lipids. 

 

The composition of the headgroup and tailgroup 

of the phospholipid determines its molecule geometry:  

the composition of the headgroup determines the surface 

area a0  occupied by the molecule, while that of the tails 

determine the volume v occupied by the molecule. Based 

on this geometry, the lipid molecules can be classified as 

truncated, cylindrical, and inverted cones as shown in 

Figure 3. It is this geometry of lipid molecules that 

determines what form of aggregation they assume, when 

exposed to an aqueous environmental. The formation is 

determined by packing factor pf defined as [13] 

0

,f

c

v
p

a l
                                         

where lc is the maximum length the hydrocarbon 

chains can assume. Lipids with pf less than 1/3 tend to 

aggregate to spherical micelles, while lipids with pf 

between 1/3 and ½ tend to form cylindrical micelles. 

Lipids with pf between ½ and 1 tend to form bilayer, 

while lipids with pf greater than 1 tend to aggregate to 

inverted micelles.  

 

 
 

Figure 3. Geometry of lipid molecules: a. Truncated cone, b. 

Cylinder, and c. Inverted cone. 

 

Fluidity of the Bilayer Membrane 

Bilayer membrane can assume gel or liquid 

phases, depending on the temperature and the molecule 

characteristics. At a relatively high temperature, the 

bilayer membrane is in liquid phase, while at a relatively 

low temperature it is in gel phase. In liquid phase, the 

lipid molecules move much more freely than they are in 

gel phase. The temperature at which the membrane 

change from gel phase to liquid phase is called phase 

transition temperature Tm  

The physical behaviour of the lipid molecules in 

bilayer membrane is determined by Van der Waals 

interaction of the chains of adjacent lipid molecules. For 

relatively long tailed-lipids, there is more interaction 

among the chains of adjacent lipids, strengthening Van 

der Waals interaction, thus lowering the mobility of the 

molecules: The Tm increases with increasing the chain 

length. For example, it has been reported that Tm of lipid 
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increase with increasing the chain length in 

phospholipids (14). 

The van der Waals interaction is also affected by 

the degree of unsaturation in the chains. The double 

bond in the chain causes a kink, which prevents chains 

from adjacent molecules to interact, thus weakening the 

van der Waals interaction [13].  As a result, the increase 

in the double bonds in lipid molecules increases the 

mobility of the molecules in the membrane: The Tm 

decreases with increasing the degree of unsaturation. It 

has been reported that Tm for phospholipids decreases 

when the number of double bonds increases [15].  

 

Permeability of Lipid Bilayer 

Lipid vesicles are materials imitate plasma 

membrane, where the bilayer acts as protector of inside 

cell from its outside environment. The bilayer does the 

job by selecting certain materials, which can enter and 

exit the membrane. In lipid vesicles, lipid bilayer 

contains materials inside. Whether this material can 

permeate the bilayer to exit or the material from outside 

can permeate to enter the membrane depends on the 

properties of both the materials and the bilayer. For a 

molecule to cross the bilayer, it must overcome possible 

interfacial resistance or free energy barrier of the bilayer. 

The chains of the lipid is hydrophobic, thus hydrophobic 

molecule pays less energy to cross the barrier than 

hydrophilic molecule: ions and large molecules are 

difficult to across the bilayer. Then, the molecule must 

diffuse across the bilayer, before it exits the membrane 

to the outside, where there must be any possible 

interfacial resistance or free energy barrier to overcome 

too.  

Experiments have shown that the lipid 

membrane permeability of water increases with 

increasing the degree of unsaturation of lipids [16].   It 

has been found that in the vicinity of gel-liquid phase 

transition temperature, the lipid membranes are 

permeable to water [17] and ions [18, 19]. The presence 

of cholesterol is believed to decrease the permeability of 

lipid membrane [20]. 

In terms of the materials inside vesicles, for 

example drug materials, it has been found that lipid 

membrane of vesicle has a relatively low permeability to 

hydrophilic drug, but high permeability to hydrophobic 

drug [21].  

 

The Strength of the Vesicle Bilayer 

The mechanical strength or just strength of the 

vesicle bilayer is commonly measured by its lysis 

tension, a minimum value of applied tensions on the 

bilayer at which the bilayer ruptures.  

Lipid-lipid and lipid-water interactions set a 

bilayer with an area per molecules a, when lipid 

molecules are exposed to an aqueous environment.  The 

hydrophobic interaction of lipid-water results in a 

compressive force, which tends to decrease a. The 

compressive force can be written as γa, where γ is the 

surface tension of lipid-water interface. This force is 

balanced by a steric repulsive force, due to the lipid-lipid 

interaction (between the tails) tending to increase a. This 

steric repulsive force is expressed in the form of C/a, 

where C is a positive constant. Energy per molecules E 

of a bilayer is a combination of these two forces [13] and 

can be written as  

.
C

E a
a

   

Energy E has its minimum value when a is at its 

equilibrium value a0. This can be determined by letting 

0
dE

da
  

We can determine C and work out to find 

 
2

0 02 .E a a a
a


    

When tension or compression is applied on the 

bilayer at equilibrium, the area per molecule a0 will 

change. The fractional change of a membrane area, 

Δa/a0, can be written in terms of expansion (or 

compressibility) modulus Ka, and surface tension γ as 

0

.
a

a

a K


  

If the tension applied is larger than that of what 

the bilayer can withstand to keep the lipid molecules 

together, the vesicles will rupture. The minimum tension 

required to rupture the vesicles is called lysis tension 

γlysis. Vesicle bilayer ruptures when the fractional change 

of a membrane area is in the range of 2 to 5% [22]  

Many groups have measured the lysis tension of 

lipid vesicles with various compositions of lipid 

materials. The lysis tension of SOPC and DAPC vesicles 

was determined to be 5.7 mN/m and be 2.3 mN/m, 

respectively [23].  The values increased with 

concentration of cholesterol reaching 30.9 mN/m at 89 

mol % cholesterol in SOPC, and up to 3.4 mN/m at 80 

mol % cholesterol in DAPC. The lysis tension of POPC 

vesicles also increases from 7.9 mN/m up to 11.9 mN/m 

with addition of 30 mol % cholesterol [24]. The 

measurements of lysis tension for vesicles made from 

unsaturated lipids show it decreases with increasing 

number of double bonds [16]. 
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Lipid Vesicles as Nanocarriers in Drug Delivery 

Systems 

For vesicles to execute the job as nanocarriers in 

drug delivery systems, they are required to have some 

abilities both as the drug container to encapsulate many 

varieties of drugs and as carriers to deliver the drug to 

the targeted site, where vesicles need to overcome 

biological barriers in the body. The advantages of using 

vesicles as nanocarriers are that the lipids are 

biocompatible [10], there are various kinds of lipids 

[11], which can be chosen based on the requirements, 

and they can be manipulated with other molecules [25] 

for specific requirements.  

Lipid vesicles can handle both hydrophobic and 

hydrophilic drugs: hydrophobic drug can be inserted in 

the bilayer exposed to lipid tailgroups, while the 

hydrophobic drug can be trapped in the aqueous centre 

of the vesicle exposed to lipid headgroups [26]. To 

function well as nanocarriers, lipid vesicles should be 

non-permeable to prevent drug leakage. It has been 

shown that, membrane of vesicle has a relatively low 

permeability to hydrophilic drug, but high permeability 

to hydrophobic drug [21].  

The body immune systems: the innate immune 

system and the adaptive immune systems, are the main 

barriers encountered by the vesicles. The innate immune 

system includes opsonization and reticuloendothelial 

system (RES) [27]. Opsonization is a process in which 

vesicles are marked by plasma proteins such as 

complement proteins, immunoglobulin, and fibronectin 

for phagocytosis. Phagocytosis occurs both in the blood 

and in organs with RES such as the liver, kidney, lungs, 

spleen, lymph nodes and bone marrow [28]. The 

presence of the proteins on vesicles is a signal for 

phagocytic cells to clear the vesicles. The opsonins 

themselves can also destroy the vesicles.  Both 

opsonization and RES are responsible for vesicle 

clearance from blood circulation, thus shortening vesicle 

circulation time. The vesicles that have evaded 

opsonization and RES will encounter the adaptive 

immune systems of the body which involve antibody 

formation. 

Size of the vesicles is an important parameter to 

face biological barrier in the body. It is one of the factors 

that determine the fate of the vesicles in blood 

circulation, since it affects the efficacy of vesicle 

opsonisation by serum proteins [29]. It has been shown 

also that opsonic activity decreases with decreasing size 

of vesicles [30]. The uptake of the vesicles by the RES 

organs is also size dependent [31]. It has been found that 

large vesicles are cleared from blood circulation rapidly 

than small neutral or positively charged vesicles [32]. In 

addition, electrically charged lipids can promote the 

interaction with opsonin biomolecules [30]. On the other 

hand, introducing cholesterol into the bilayer decreases 

interaction of vesicles with other biomolecules, as well 

as increases vesicle stability [27]. Vesicle size around 

100 nm with cholesterol introduced is believed to 

increase the circulation time [33].   

Other efforts to maintain the stability of the 

vesicles and prolong their circulation time in 

overcoming biological barriers are by introducing certain 

polymers and ligands on vesicle surface (Figure 4). The 

addition of the polyethylene glycol (PEG), a hydrophilic 

polymer on the vesicle surface, improves the ability of 

the vesicle to evade opsonization and clearance by the 

RES, thus improving the half-life of the vesicles [34].  

 
 

Figure 4. Diagram of a vesicle with hydrophilic and 

hydrophobic drugs, and certain polymers and 

ligands, which are introduced to vesicle 

surface in order to maintain the stability and 

prolong the circulation time. 

 

The addition of ligands such as such as 

antibodies, proteins and carbohydrates on the vesicle 

surface enhances the chance of the vesicles to reach their 

targeted tissues. The specific ligands can promote the 

vesicle fusion with targeted cells by endocytosis 

resulting in vesicle-content delivery. Vesicle coated by 

monoclonal antibody has been used to target tumor-cell 

specific antigens and shown more effective results than 

free drug [35].  Vesicle coated by small protein has been 

used as a vehicle for breast cancer treatment [36]. The 

limitation of the vesicles coated by antibody to deliver 

the drug is caused by the possibility of the antibody to 

induce body immune response. Therefore the 
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combination of both antibody and PEG grafted on the 

vesicle surface has been used to get both low RES 

uptake and a long half-life [37]. 

 

CONCLUSION 

 

Lipid vesicles own the physical properties that 

can make them appropriate to act as nanocarriers in drug 

delivery system. In this system, drugs are loaded into the 

vesicles, and are delivered to the targeted site in the 

body. Lipid vesicles can be made from many varieties of 

lipids, which can be chosen to optimise their physical 

properties as nanocarriers, including the fluidity, 

permeability, and strength. The materials are 

biocompatible, thus it is non-toxic. When introduced to 

blood circulation, lipid vesicles need to overcome 

biological barrier, especially body immune system, 

including the innate and the adaptive immune systems. 

Lipid vesicles have potential ability to face these 

systems, by introducing polymers and ligands, to 

prolong their blood circulation time and to precisely 

reach the targeted site.   
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