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Although liposomes have proved to be versatile in the field of drug delivery, there are still some issues 
that need to be addressed mainly problems related to entrapment, penetration, fluidity and stability. 
Glycerosomes represent a novel drug delivery systems composed of phospholipids, water and glycerol in 
varying amounts. Glycerosomes are upgraded versions of liposomes meant for topical and transdermal 
drug delivery. In these preparations, glycerol acts as an edge activator and penetration enhancer. These 
drug delivery systems manifest improved stability, fluidity, entrapment and penetration in comparison 
to conventional liposomes. Increasing the concentration of glycerol by 10, 20 or 30 % leads to a drastic 
increase in glycerosome stability. This article is a detailed review of glycerosomes focusing on methods 
of preparation, evaluation, applications, advantages and disadvantages based on studies reported so far. 
In this review article, how the structure of liposomes can be modified by the addition of glycerol and 
how this modified structure can be used to address the problems related to liposomes is discussed. The 
influence of increasing glycerol concentration on the nature of glycerosomes that lead to an increase in 
both entrapment and encapsulation of a drug while causing slower drug release is discussed.
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In this review article, a new vesicular system with 
improved entrapment and penetration designed using 
lipids and glycerol, called glycerosomes is discussed. 
Glycerosomes has been mainly used in topical 
preparation so before studying in depth on glycerosomes 
it is necessary to understand the structure of skin. Skin 
is made up of two layers, internal and external. The 
internal layer (deeper layer) is dermis whereas the 
external layer is epidermis. The external layer is made 
up of many layers and stratum corneum is present in 
between these layers[1]. It acts as a difficult membrane 
for drug permeation and is therefore a barrier for most 
drug substances[1-5]. Both the layers differ in thickness. 
The inner layer thickness varies between 0.3 to 4 mm 
consisting of connective tissues and hair follicles 
whereas the external epidermal layer is of 50 to 150 µm 
thick. It is extended by a hydrolipidic film composed of 
sweat, sebum and water. Primary function of this film 
is to protect the skin against microorganisms acting as 
a protective sheath[2]. Topical drug delivery refers to 
the administration of pharmaceutical dosage forms to 

the skin, eye, nose and vagina for medical purposes[6,7]. 
However, skin is mostly targeted for topical drug 
delivery[8]. Topical drug delivery is advantageous when 
compared to conventional dosage forms since the 
former offers good patient compliance and avoids first 
pass hepatic metabolism[2]. Conventional drug delivery 
refers to classical method of delivering a drug to the 
body. It has many disadvantages and currently novel 
drug delivery systems (NDDS) are more preferred. 
NDDS delivers the drug to the required location and 
improves drug efficacy[9]. Some examples of NDDS 
include liposomes, transferosomes, ethosomes, 
nanoparticles and the novel glycerosomes. 

Strategies such as iontophoresis[10], sonophoresis, 
electrophoresis, microneedles and vesicular drug 
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delivery systems are used for enhancing topical drug 
delivery. Among these, vesicular drug delivery seems 
to be the most favourable and beneficial for topical dug 
delivery[11]. Vesicles are concentric bilayer structures 
composed of an aqueous core and amphiphiles (lipids 
and surfactants). These are colloidal particles capable 
of enclosing both hydrophobic and hydrophilic drugs. 
Vesicles composed of phospholipids are liposomes 
and those composed with non-ionic surfactant are 
niosomes[12,13]. Glycerosomes are novel vesicular 
structures containing phospholipids, water and glycerol 
in high amounts. Glycerol is harmless, non-toxic and 
non-irritating in nature and thus safe to use. It is added 
to vesicular preparations since it results in an increase 
in fluidity and stability of vesicles. Increased fluidity 
of glycerosomes aides in better penetration on skin 
surface than the conventional liposomes. Phospholipids 
are added to glycerosomes for the formation of bilayer 
structures. Both synthetic and natural phospholipids can 
be added to glycerosomes. Cholesterol, stearylamine, 
diacetyl phosphate are added as stabilizers or for 
altering the electric charge on vesicles. These novel 
vesicular structures can be prepared from the methods 
used for conventional liposomes. Both hydrophilic and 
lipophilic drugs can be incorporated in glycerosomes. 
Hydrophilic drugs gets entrapped in aqueous space 
whereas hydrophobic drugs gets entrapped in 
phospholipid. Unilamellar or multilamellar vesicles 
(MLVs) are formed based on the excipients and the 
method selected for the preparation of glycerosomes. 
These nanostructures are recently gaining interest 
worldwide due to their ease of preparation, harmless 
nature and better characteristics than the conventional 
vesicular structures[2].

Liposomes:

Liposomes are spherical bilayer vesicles of 
phospholipids[14]. Although first described by Bangham 
in 1960[15], these were fully understood and accepted 
in 1970[16,17]. Hydrophobic tail and hydrophilic head 
constitutes phospholipids. These phospholipids when 
brought in contact with water give rise to spherical 
structures due to the action of acyl chains that are 
hydrophobic in nature. Apart from being stable 
thermodynamically, liposome formation is also 
favoured by various chemical forces namely van der 
Waals and hydrogen bonding[14,18,19]. Being amphiphilic 
in nature, liposomes can encapsulate both polar and 
non-polar components[14]. Although liposomes have 
been used for topical and transdermal drug delivery, 

but it is not considered effective since the liposomes 
are not able to penetrate deeper into tissues and remain 
in the superficial tissues[20]. These are not only used for 
topical and transdermal drug delivery but are also used 
for various other kinds of drug delivery like targeted 
drug delivery, sustained release. Stability problem 
of liposomes limits their usage[21,22]. There is need 
for vesicular systems with improved characteristics. 
Glycerosomes represent such liposomes with improved 
effects and delivery. 

Glycerosomes: 

The concept of glycerosomes was introduced by 
Manca et al. for the delivery of diclofenac to skin[23]. 
Glycerosomes are bilayer vesicles used for dermal 
and transdermal drug delivery. These vesicles differ 
from conventional liposomes in bilayer fluidity, 
formed by the addition of phospholipids and varying 
concentrations of glycerol (10-30 % v/v)[23]. These are 
so named, as they contain high amount of glycerol[2]. 
These vesicles deliver the active ingredients to skin with 
high efficiency[24]. Glycerosomes are found to be more 
stable and possess greater fluidity then liposomes and 
hence are predominantly used as topical drug delivery 
systems[23]. Glycerol ameliorates the deformability 
index of liposomal bilayers, thus enhancing skin 
penetration[23,25]. 

Glycerosomes composition:

Glycerosomes are new vesicular systems composed of 
phospholipids and cholesterol just like conventional 
liposomes. When dispersed in water, phospholipids 
quickly assemble themselves as bilayer vesicles[26]. 
Only difference is that in addition to the excipients 
present in liposomes, these also contain glycerol and 
water in concentrations of 10, 20, 30, 40 and 50 %. 
Glycerosomes have till now been suggested for topical 
and skin drug delivery. It is a completely harmless and 
non-toxic method of drug delivery[23,25,27-30].

Structure of glycerol:

Glycerol is a viscous liquid and an alcohol. It consists 
of three hydroxyl groups which renders it hydrophilic 
properties. Glycerol being a triglyceride can be found 
in animal fats and vegetable oils. It can be obtained 
during soap production or as a by-product during the 
production of biodiesel. It is used in pharmaceutical 
preparations as a lubricant, humectants, edge activator 
and emulsifier[31]. 
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Phospholipids:

Like conventional liposomes, both natural and synthetic 
phospholipids can be employed for the preparation of 
glycerosomes[2]. Variety of phospholipids exists because 
of different hydrophilic head groups, hydrophobic tails 
and alcohol groups. In addition to being amphiphilic, 
these are also compatible with almost every ingredient. 
When dispersed in water, phospholipids assemble in 
different shapes. Self-assembly in hydration medium 
depends upon the properties that the phospholipids 
possess. Different types of phospholipids exist based on 
their difference in backbone structure and the alcohol 
moiety that they contain[32]. 

TYPES OF PHOSPHOLIPIDS

Glycerophospholipids:

Glycerophospholipids are obtained from eukaryotes. 
Glycerol is the main constituent of these lipids. Change 
in the hydrophilic head group of these lipids results 
in the formation of cardiolipin, phosphatidylcholine, 
phosphatidylserine and so on. Whereas change in the 
acyl chains of these lipids results in the formation 
of dipalmitoyl phosphatidylcholine and dimyristoyl 
phosphatidylcholine[32].

Sphingomyelins:

Obtained from animal cell walls, these phospholipids 
differ from glycerophospholipids in the fact that these 
consist of sphingosine backbone whereas the latter 
consists of glycerol backbone. These not only differ 
in chemical structures but also differ in the number of 
groups present in acyl chains. Sphingophospholipids are 
considered asymmetric and glycerophospholipids are 
considered symmetric. Acyl groups present in naturally 
occurring sphingomyelins exceeds 20 whereas the 
residues of paraffin consist of fewer groups compared 
to the natural one. Thus it is referred to as asymmetric. 
Chain length in case of phosphatidylcholine (example 
of a glycerophospholipids) is equal and thus they are 
termed as symmetric molecules[32]. 

Properties that phospholipids to form glycerosomes:

The phospholipids must be able to form vesicles, which 
are capable of including pharmaceutical ingredients 
in them as well as harmless. The phospholipids must 
give rise to the vesicles that must be degradable in 
nature. The phospholipids must give rise to the vesicles 
that must be compatible with other excipients of the 
formulation. 

Cholesterol:

Animal cell membrane is mostly made up of 
cholesterol. It is known to affect various properties of 
membranes. Rigidity, thickness, stability and fluidity 
of cell membranes depend on cholesterol in one or 
another way[33]. In glycerosomes, the purpose of adding 
cholesterol is to enhance stability. Cholesterol mainly 
makes contact with liposomes inner cavity due to its 
hydrophobic nature, which renders it stable[34]. The 
amount of cholesterol that can be added in vesicular 
systems has been reported to be 50 mol percent[21,35-37]. 
Lipid and cholesterol ratio that gives rise to efficient 
liposomes has been reported to be 2:1. However, the 
reason behind this ratio is not well established. Effect of 
incorporation of cholesterol in vesicular structures has 
been widely studied and researchers have concluded that 
cholesterol plays role in the following[21]. It makes the 
membrane impermeable to water and electrolytes and 
hence is included in liposome formation[38]. It increases 
the ordering and packing efficiency of lipid bilayers[39]. 
It helps in the deaggregation of lipid vesicles[40]. It 
improves rigidity of lipid bilayers by changing the 
fluidity of vesicles[41]. 

Nature of drugs encapsulated:

Both hydrophilic and lipophilic drugs can be 
encapsulated in liposomes and glycerosomes[2,42,43]. 
Hydrophilic drugs are entrapped in the aqueous cavity 
of these vesicular structures whereas the lipophilic 
moieties are entrapped in the tails of phospholipids. 
Thin film hydration method is widely used for the 
encapsulation of hydrophilic moieties. This method 
although favours the encapsulation of water loving 
drugs but lowers their encapsulation efficiency[43]. Drugs 
with intermediate logP value get entrapped between 
water soluble and lipid soluble compartments[44,45]. 
These vesicular systems deliver the drug at required 
site without causing its decomposition. 

PROPERTIES OF GLYCEROSOMES, MO-
LECULAR GEOMETRY

Critical packing parameter (CPP) can be defined as 
the parameter governing the packing of phospholipids 
together[46]. Phospholipids possessing larger CPP form 
larger liposomes with higher entrapment efficiency[47]. 
Sakai et al. reported that trapping efficiency increases 
on increasing the unsaturated bonds and bulkiness of the 
molecule[47]. CPP=v/lc AP, CPP=AhP/AP, where v/lc is 
AhP, v is the volume of hydrophobic groups, lc is the 
hydrophobic group length, AP is the cross sectional area 
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of hydrophilic head group and Ahp is the cross sectional 
area of hydrophobic head group. When phospholipids 
are immersed in water they acquire different shapes 
namely spherical, inverted, lamellar and cylindrical. 
These shapes are determined by CPP[48]. Spherical 
micelles are formed if CPP is equal to or less than 1/3. 
Cylindrical micelles are formed if CPP is more than 1/3 
and less than 1/2. Lamellar structures are formed if CPP 
becomes equal to 1. Inverted micelles are formed when 
value of CPP exceeds a certain value.

METHODS OF PREPARATION OF  
GLYCEROSOMES

Glycerosomes can be prepared using the same methods 
that are used for the preparation of conventional 
liposomes[2,23]. However, researchers have mostly 
used thin film hydration method for the preparation 
of glycerosomes[23,28,49]. The various methods of 
preparation according to the vesicle lamellarity are 
listed below:

MLVs, lipid hydration method/thin film hydration 
method:

In this method, lipid is dissolved in an organic 
solvent and then dried to form a lipid film. The film 
so formed is hydrated above transition temperature 
of lipid by adding aqueous medium. The dispersion 
is mechanically stirred. If the drug to be encapsulated 
is hydrophilic, then it is added to aqueous hydration 
buffer and if the drug to be encapsulated is lipophilic, 
then it is added to the lipid film[23,50,51]. Bangham et al. 
were the first to describe this method for the formation 
of MLVs[51,52]. The hydration medium can be glycerol in 
water for preparing glycerosomes[23].

Solvent spherule method: 

In this method phospholipids are mixed with an organic 
solvent, which is then dissolved in an aqueous medium. 
The above mixture is then stirred/vortexed for 1 h 
under low vacuum to yield lipid spherules with organic 
solvents (oil in water emulsion). For removal of organic 
solvents, the spherules are subjected to controlled 
evaporation on a water bath to yield MLVs[50,51,53] . 

Small unilamellar vesicles (SUVs) sonication:

In this method, MLVs are subjected to sonication. 
The sonication is carried out using either a bath or 
a probe sonicator. The process is carried out under 
inert atmosphere. This method suffers from various 
drawbacks namely[50,51], large molecules are rejected, 

degradation of compounds take place and encapsulation 
efficacy reduces.

French pressure cell method:

In this method, MLVs are made to pass through a 
small orifice at 4° and 20 000 psi. Although this 
method produces large liposomes when compared to 
the ones formed by sonication procedure but suffers 
from drawbacks like the conditions required for the 
formation of vesicles are difficult to maintain. 

Large unilamellar vesicles (LUVs) reverse phase 
evaporation method:

Szoka and Papahadjopoulos were the first to describe this 
method[54,55]. In contrast to spherule method, this results 
in the formation of water in oil emulsion[50,51,54]. The main 
advantage of reverse phase evaporation method is that it 
results in the formation of vesicles with large aqueous to 
lipid ratio, entrapping more of the aqueous medium[54,55]. 
The procedure comprises of adding the lipids to a  
50-ml round bottom flask. The lipids can be added alone 
or mixed with other lipids such as cholesterol. Solvent 
is removed by controlled evaporation. After this step, 
the dried lipid film is purged with nitrogen gas and 
redissolved in an organic solvent. This organic solvent 
is the one in which inverted micelles formation takes 
place. Hydration medium is added at this step under 
nitrogen atmosphere. The obtained two phase system 
is sonicated in a bath sonicator for about 2-5 min until 
a clear one phase dispersion or homogenous opalescent 
dispersion is formed. The dispersion is then added to 
a rotary evaporator for removal of organic solvent at 
stated conditions i.e. reduced pressure, 20-25° and  
200 rpm. The mixture starts to froth during evaporation 
and results in viscous gel that gets converted to aqueous 
suspension[51,54,55]. Again, aqueous buffer is added and 
the suspension is subjected to evaporation for nearly 
15 min at 20°[46]. The resultant product is then dialysed 
and passed through a Sepharose 4B column or it can 
be centrifuged. Centrifugation or passage through a 
column is required for removing nonencapsulated 
material[55].

Detergent removal method/detergent dialysis 
method:

This is a widely used method for the encapsulation of 
protein and biological molecules. Non-ionic, anionic 
and cationic detergents can be used for the formation 
of vesicles. In this method, detergents possessing high 
critical micelle concentration are utilized. Phospholipids 
are dissolved in detergents and after that removal 
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of detergents is carried out. Gel chromatography or 
Lipoprep can be used for the separation of detergents. 
Advantages include formation of homogenous vesicles 
with efficient replication[50,51,54]. Alpes et al. investigated 
the role of alkyl maltosides as detergents for dialysis 
method of liposomes preparation. It was reported that 
detergent removal speed depends mainly on permeation 
of dialysis membrane and on the critical micelle 
concentration of detergent. It was also observed that, 
alkyl chain length majorly governs the critical micelle 
concentration. It was reported that decyl maltoside is 
the ideal detergent for the preparation of vesicles by 
detergent removal method due to its speed of removal 
in the formation of vesicles[56]. 

Double emulsion evaporation:	

In this method, double emulsion of the type  
W1/O/W2 is prepared. It consists of inner and outer 
aqueous phase[54]. Outer phase consists of dispersed 
individual oil globules whereas inner aqueous phase 
occurs as small droplets in each oil globule of outer 
aqueous phase[57]. The process of double emulsion 
evaporation comprises of following steps[54,58-60]. 
Aqueous phase consisting of the drug is dissolved in 
water and added to organic solvent containing lipids. 
This forms water in oil emulsion which is then properly 
homogenized to form primary emulsion (W1/O). 
Primary emulsion when combined with outer aqueous 
phase containing stabilizer gets converted to double 
emulsion. 

Solvent injections method, ether injection method: 

Watkins described this method[61], in which lipids are 
dissolved in diethyl ether/ether methanol mixture. 
These are then injected to a warm aqueous solution 
that contains the material to be encapsulated. The 
warm aqueous phase should be maintained above the 
boiling point of ether. Usually 55-65° temperature is 
maintained during encapsulation[50,54]. The speed of 
injection should be slow and not rapid. On coming in 
contact with warm aqueous phase, ether evaporates 
giving rise to unilamellar vesicles[51,61]. Disadvantages 
of this method include low yield of heterogenous 
liposomes, along with the exposure of compounds 
which are to be encapsulated to high temperature and 
organic solvents[62].

Ethanol injection method: 

Ethanol injection method was reported by Batzri and 
Korn in 1976[63,64]. In this method, lipid is dissolved in 

ethanol and made to pass through a small orifice that 
may be a syringe in excess aqueous medium. The speed 
of injecting ethanolic lipid solution in aqueous medium 
should be such that complete mixing of the two is 
attained. Complete mixing of the two is necessary for 
immediate dilution of ethanol in hydration medium 
and for the dispersion of phospholipids in water[63,64]. 
Main advantage of this method lies in the fact that 
without sonication and extrusion one can obtain small 
liposomes under the size range of 100 nm simply by 
injecting lipid solution dissolved in ether in water[62]. 
Also, homogenous and dilute liposomes are obtained[64]. 
Disadvantage of ethanol injection method includes the 
constraint due to lipid solubility in ethanol, volume 
of ethanol that can be added to aqueous medium is 
limited and thus the lipid which can be added to ethanol 
is limited. Ethanol remains in liposomes but can be 
removed by dialysis[64]. 

Calcium-induced fusion method: 

In this method, LUVs are formed by the addition of 
calcium (Ca2+) to SUVs which results in fusion. Fusion 
gives rise to large planar lamellae which transform to 
cochleate cylinders. These are then mixed with EDTA 
and further transform to generate LUVs[50,65,66]. EDTA 
helps in re-establishing negative charge and maintains 
the fluidity of membrane[65]. 

Microfluidization method:

This method utilises a microfluidizer capable of 
producing liposomes continuously in large amount 
with high aqueous volume. Mayhew et al.[67] prepared 
liposomes using microfluidizer and suggested that 
the prepared liposomes resembled same properties as 
that of small extruded multilamellar liposomes. On 
comparison with normal multilamellar liposomes, the 
ones prepared using microfluidizer yielded smaller 
liposomes with uniform size distribution[67]. The 
process as described in Mayhew et al. involved addition 
of aqueous lipid suspensions to a reservoir. From the 
reservoir the suspension passes onto pump and through 
filters fluid is pumped. Fluid must be pumped at high 
pressure and through 5 µm filter size. After that it passes 
to interaction chamber, here the streams interface in 
micro channels at exorbitant speed after being separated 
into two different streams. Outflow is processed and the 
liposomes are analysed accordingly[67]. 

Freeze-thaw method:

This method makes use of freezing and thawing 
procedure[50,68,69]. Freeze-thaw method can be used only 
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with mixtures of charged phospholipids i.e. the ones 
exhibiting positive and negative charge or this method 
can be applied to the phospholipids, which are crude 
in nature[69]. Small unilamellar liposomes are speedily 
frozen followed by thawing. They are then sonicated 
to give LUVs. This procedure results in the formation 
of LUVs due to the fusion of bilayers of SUVs upon 
freezing flowed by thawing. Increased concentration 
of liposomes or increased ionic strength reduces the 
formation of liposomes by this method[50,68,69].

CRITICAL PARAMETERS OF  
GLYCEROSOMES

Particle size analysis:

Particle size analysis and polydispersity index (PI) of 
glycerosome preparation can be tested on a zetasizer. This 
process is known as dynamic laser light scattering[27,30] 
or photon correlation spectroscopy[22,23,28,49]. Usually a 
Malvern zetasizer is used for this purpose[22,23,28,49]. 

Vesicle formation:

Vesicle formation is confirmed by the use of SEM 
(scanning electron microscopy), TEM (transmission 
electron microscopy) and cryo-TEM[22,27]. In TEM, 
first the samples are stained with 1 % phosphotungstic 
acid and then analysed using an electronic microscope. 
Cryo-TEM consists of coating the samples on a carbon 
rod and dipping it in ethane at its melting point. These 
are then analysed under the TEM.

Determination of deformation index:

In this, the glycerosomal preparations are made to pass 
through a membrane extruder, which exhibits a specific 
pore size and this is done at a specific pressure using 
an extruder. The pore size of the membrane should be 
smaller than the mean size of phospholipid vesicles. For 
penetration through skin, flexible vesicles are required 
to easily pass through skin pores. Glycerol is supposed 
to form this type of vesicles and thus deformation index 
is calculated for ascertaining whether glycerol can form 
vesicles that can change their shape[23]. 

Determination of entrapment efficiency (%):

Different techniques are used for calculating 
entrapment efficiency. Manca et al.[22,23,27,28] have used 
the method of dialysis. They passed the glycerosome 
formulation from dialysis tube of 12 000 to 14 000 
Dalton and then separated entrapped formulations from 
the non-entrapped one. These were then assayed for 

drug content. Entrapment is measured on the basis of 
percentage of drug which was obtained after dialysis to 
that which was taken before dialysis, formula=obtained 
drug content/initial drug content×100.

Determination of penetration:

This evaluation parameter helps in determining the 
extent to which glycerosomes has penetrated the skin 
layer. This can be performed by ex vivo means. It helps 
in determining drug delivery through the skin layer. 
Franz diffusion cell is used for this purpose. Animal 
skin is mounted between the donor and the receptor 
compartments, such that the stratum corneum of skin 
is towards the donor side. After the glycerosome 
preparations are applied to the stratum corneum at 
definite intervals, the medium collected in the receptor 
compartment is taken out and replaced by fresh 
medium. It is analysed for drug content using a suitable 
method (UV or HPLC). When all the samples have 
been administered then the skin is detached from Franz 
diffusion cell. After separating epidermis from dermis, 
the layers are then sonicated and the amount of drug 
determined[22,23,28,49].

Determination of drug release in vitro:

Dialysis bag is used for determining the in vitro drug 
release from glycerosomes. In this procedure, 1 ml of 
glycerosome preparation is added to dialysis bag and 
the bag is immersed in phosphate buffer. Samples are 
taken out at definite intervals and analysed using a UV 
or a HPLC method[49]. 

Determination of fluidity:

Differential scanning colorimetry (DSC) studies are 
used for determining the fluidity of lipid bilayers. 
This method helps one in determining the transition 
temperature of phospholipids used. It has been reported 
that transition temperature of phospholipids indicates 
its interaction with external substances. Thus on 
glycerol addition, change in transition temperature is 
observed that further leads to the conclusion that the 
glycerosomes possess more fluidity. Glycerol causes 
reduction in transition temperature of phospholipids due 
to the hydration effect that it has on lipid bilayers which 
in turn causes reduction in the melting point of acyl 
chain of phospholipids. Cholesterol and amphipathic 
drug used also impact transition temperature of the 
phospholipid. Cholesterol disturbs the bilayer packing 
by preventing the growth of pretransition peak over 
main transition peak. Manca et al. reported the effect 
of amphiphilic diclofenac sodium. It was reported 
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that diclofenac enhanced glycerol interaction with 
phospholipid bilayers as being amphipathic in nature 
and gets inserted in lipid bilayers and thus causes a 
reduction in transition temperature[23,28]. Salem et al. 
reported the topical delivery of celecoxib and cupferron 
by formulating glycerosomes and its gel[49]. They used 
soybean phosphatidyl choline as the phospholipid. 
They showed the effect on fluidity of vesicles by 
comparing the transition temperatures of celecoxib and 
cupferron and unlike Manconi et al.[23] who reported the 
effect on vesicles by relating phospholipids Tm before 
and after formulating them in glycerosomes. Salem 
et al. compared the DSC peaks of pure celecoxib and 
cupferron and noticed pointed peaks at 162 and 177°, 
whereas, glycerosomal formulations of celecoxib and 
cupferron gave peaks at somewhat lower temperature 
namely 145 and 164°. This showed better encapsulation 
efficiency and more fluidity of vesicles[49].

Determination of stability:

Determining zeta potential using a Zetasizer helps 
in determining the charges present on the surface of 
glycerosomes that may be present due to the addition 
of charged species in formulation and also tells about 
the stability of the preparation. Negative zeta potential 
results in increased stability of the formulation. It 
has been reported that glycerosomes exhibit better 
stability than the liposomes. Researchers have 
reported that throughout the period of stability studies, 
glycerosomes did not show any change in vesicle size 
and PI[22,23,28]. However, some researchers observed 
change in vesicle size of glycerosomes. Manca et al. 
reported the formation of curcumin glycerosomes and 
curcumin polymer glycerosomes[27]. Stability studies 
were conducted by storing the above formulations 
for 90 d at room temperature. The results indicated 
that glycerosomes became larger in size. This change 
was evident after 30 d and then there was no change 
until the stability studies were completed. Hyaluronan 
containing glycerosomes showed increase in size after 
60 d whereas trimethyl chitosan showed no change in 
their size[27]. Zhang et al. had reported the formulation 
of paeniflorin glycerosomes containing essential oil of 
Speranskia tuberculata for improving skin delivery[25]. 
Stability studies were carried out by storing the oil 
containing glycerosomes at temperatures as low as 
4º and at normal temperatures. Formulations were 
analysed on specific days. Results indicated that the 
glycerosomes stored at room temperature showed 
difference in particle size. The particle size increased, 
whereas the glycerosomes which were stored at 4º 

showed no change in particle size[25]. Manca et al. had 
speculated that glycerol acted as a non-aggregating 
agent because glycerosomes showed no change in their 
size at the end of stability studies while liposomes size 
was changed[28].

APPLICATIONS OF GLYCEROSOMES 

Topical delivery with glycerosomes: 

Manca et al. reported formulating 
glycerosomes containing diclofenac sodium for 
transdermal drug delivery[28]. They hydrated 
dipalmitoylglycerophosphatidylcholine and cholesterol 
films with aqueous glycerol solution (10-30 % v/v) and 
compared them with conventional liposomes. Results 
indicated that glycerosomes and liposomes were in 
the size range of 81 and 97 nm, oligo/multilamellar 
and spherical vesicles were formed. Glycerol acted as 
edge activator when used in concentrations more than 
10 % as shown by defomability index, DSC studies 
indicated the more fluidity state of glycerosomes than 
the conventional liposomes and in vitro transdermal 
studies showed the improved permeation of diclofenac. 
The penetration studies were carried out using pig skin 
mounted on a Franz diffusion cell. The permeation 
efficiency of glycerosomes, liposomes and a 
commercial gel preparation were evaluated. Liposomes 
and commercial gel served as controls. The vesicular 
preparations were added to the donor compartment and 
after fixed time intervals of 2, 4, 6 and 8 h, samples were 
withdrawn and drug content was analysed. Drug content 
in the stratum corneum layer was analysed. Cumulative 
amount of drug permeated for 8 h was determined for 
glycerosomes as well as for control preparations. Flux 
(J) was calculated utilizing the slope of the plot. It was 
then observed that, diclofenac permeated to a higher 
extent when delivered from glycerosomes rather than 
from liposome and commercial gel preparation. It 
was also reported that 30 % glycerosomes resulted in 
maximum transdermal drug delivery[23]. Manca et al. 
reported the entrapment of quercetin in glycerosomes 
to improve skin penetration and bioavailability[22]. 
Quercetin possesses high antioxidant activity but its 
skin permeability is low. Results indicated unilamellar 
vesicles with size range of 80-110 nm. Small angle 
X-ray scattering (SAXS) studies indicated that glycerol 
could change the bilayer packing by interacting 
with polar portions of phospholipids. The formed 
glycerosomes were compared to liposomes. It was 
reported that on increasing the concentration of 
glycerol, its accumulation in skin layer increases as 
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evident by in vitro studies. Both vesicles were evaluated 
for physicochemical properties, antioxidant activity 
and transdermal delivery. Both liposomes as well 
as glycerosomes were shown to exhibit unilamellar 
structure as given by Cryo-TEM. Photon correlation 
spectroscopy indicated the homogeneity and particle 
size of glycerosomes. It was reported that 50 and  
30 % empty glycerosomes displayed 116 nm and  
134 nm size, respectively. Also, somewhat broader size 
distribution was exhibited by the unpurified vesicles 
due to the possible reason of presence of unentrapped 
drug in them. Both drug-loaded vesicles (liposomes 
and 30 % glycerosomes) exhibited larger particle 
size. Negative zeta potential was shown by both the 
vesicular formulations indicating good stability. It was 
reported that with increasing glycerol concentration, 
entrapment efficiency decreased due to the possible 
reason of increased drug solubility in vesicular 
membranes. Size distribution was evaluated after  
90 d for testing the stability of vesicular membranes. 
It was observed that while liposomes increased their 
size in 30 d, glycerosomes showed no change in their 
size, which clearly highlighted the role of glycerol as 
a vesicular stabilizer. SAXS studies were performed 
to evaluate the structure of vesicles formed and for 
determining the role of glycerol and drug on self-
assembly of amphiphile. Intense and widened peaks 
were observed for empty and drug-loaded 40-50 % 
glycerosomes. It was concluded that addition of drug 
did not affect bilayer arrangement and SAXS pattern. 
Glycerol at low concentrations increased amplitude of 
phospholipids by interacting with polar head groups 
whereas at high concentrations (40 and 50 %), glycerol 
reduced the amplitude. In vitro studies carried out using 
new-born pig skin demonstrated the high efficiency 
of glycerosomes accumulation in different skin 
layers. It was reported that 30-50 % glycerol vesicles 
accumulated the most in skin and there occurred no 
permeation to the receptor compartment during the 
experimental studies. It was also noted that, liposomes 
and glycerosomes containing less glycerol showed low 
drug deposition in skin. Confocal scanning microscopy 
results were similar to the results obtained in the  
in vitro studies. For confocal studies, formulations were 
tagged by fluorescent phospholipid Rho-Pe and in vitro 
permeation studies were performed. Skin sections were 
cut after completion of the studies. It was observed 
that 40 % glycerosomes have accumulated to the same 
extent as 50 % glycerosomes and 10-20 % glycerosome 
distribution pattern was similar to liposomes and they 
were distributed to the external layers of skin and not to 

the deeper ones. Thirty percent Rho-Pe glycerosomes 
were distributed in the stratum corneum for 1 h but after 
4 h they were confined to epidermis. The best results 
were exhibited by 40 and 50 % glycerosomes. It was 
observed that fluorescence for both the glycerosomes 
was detected in stratum corneum and epidermis at 1 h 
and this became even more prominent at 4 h. Antioxidant 
studies of quercetin liposomes and glycerosomes were 
carried out and compared with free drug solution. 
DPPH assay method was employed for quantification. 
Glycerosomes and quercetin solution exhibited ∼95 
±1 %, and liposomes exhibited ∼87±2 % free radical 
scavenging activity. The radical scavenging activity 
of quercetin wasn’t affected by its encapsulation in 
vesicular forms. Oxidative stress damage studies were 
performed in keratinocytes. The cells were stressed by 
hydrogen peroxide that resulted in decreased viability 
up to 26 %. It was observed that quercetin in vesicle 
form increased the viability to 70 % whereas quercetin 
drug solution was able to increase the viability to only 
48 %. Uptake of quercetin vesicle formulations by 
keratinocytes was also studied. These were marked with 
Rho-Pe and incubated with cells. Confocal scanning 
microscope was used and the study was carried out at 
2 h and 4 h. Green colour was used for glycerosomes 
while red was used for denoting phospholipids. Results 
indicated that cells treated with liposomes and 10-20 % 
glycerosomes exhibited green fluorescence in first 2 h 
whereas both red and green fluorescence were visible in 
4 h. For cells treated with 30-50 % glycerosomes both 
red and green fluorescence was visible from starting 
of the experiment. Endocytosis was considered as the 
mechanism behind transfer of drug and phospholipid 
in cells[22]. 

Manca et al. reported the formulation of glycerosomes 
using a cheap phospholipid for increasing their 
permeability through skin. They used a mixture of 
hydrogenated soy phosphatidylcholine (P90H)[28]. 
Diclofenac salt was encapsulated in glycerosomes and 
glycerol was utilized in 10, 20 and 30 % in aqueous 
medium. The vesicles were fully characterized. Results 
indicated the vesicle size to be of 131 nm, larger than 
the ones reported by Manca et al. using DPPC as 
phospholipid[23,28].

Rani et al. had reported the formulation of minoxidil 
glycerosomes for topical drug delivery[30]. Lipid 
thin film hydration method was utilized for the 
preparation of glycerosomes. Results indicated higher 
entrapment efficiency, improved surface area of 
formed glycerosomes and increased cumulative drug 
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release. They utilized egg membrane and mounted it 
on Franz diffusion cell. Nine glycerosomes preparation 
(2 mg) were added to the donor chamber. Samples 
were withdrawn at definite time intervals and were 
analysed using UV spectroscopy. The results predicted 
highest cumulative drug release at 16 h[30]. Abdellatif 
et al. reported formulating nanovesicular systems 
of sertaconazole nitrate for treating skin fungal 
infection[70]. In vitro, in vivo and ex vivo evaluations 
were carried out. Liposomes, glycerosomes, 
transferosomes and ethosomes were formulated and 
characterized. The optimized vesicular system was 
chosen and was further converted into a gel. Confocal 
laser scanning microscopy was used in permeation 
studies. For checking the antifungal efficiency of the 
gel in vivo studies were carried out by comparing 
it with commercially available cream. The results 
indicated that transferosomal gel exhibited more flux 
when compared to commercial gel due to the addition 
of surfactant as edge activator. Glycerosomes, exhibited 
high entrapment efficiency and smallest particle size 
after transferosomes. This was due to the presence of 
glycerol. Glycerol modified lipid bilayers that resulted in 
small size of vesicles and more entrapment. Ex vivo skin 
penetration results also displayed the high penetration 
efficacy of glycerosomes and transferosome rather 
than the conventional liposomes. The reason assigned 
by authors was the elastic nature of former vesicles by 
which the vesicles were able to squeeze themselves 
deeper into skin layer rather than liposomes. They 
reported that, glycerol modified bilayers of lipid that 
resulted in reduction of skin barrier and consequently 
more drug was penetrated[70].

Vitonyte et al. had reported the formation of 
glycerosomes and penetration enhancer vesicles 
using resveratrol and gallic acid for safeguarding the 
skin against oxidation and microbial attacks[71]. These 
compounds were chosen due to their antioxidant and 
antibacterial nature and also since these have poor 
bioavailability when applied to skin. Resveratrol-gallic 
acid liposomes, resveratrol-gallic acid penetration 
enhancer-containing vesicles (PEVs), resveratrol-
gallic acid glycerosomes and empty liposomes were 
prepared, among which PEVs and glycerosomes were 
the reference. Glycerosomes and PEGylated PEVs 
(PG-PEVs) being more viscous showed better retention 
on the skin surface as compared to the conventional 
liposomes. In vitro skin penetration studies were carried 
out using pig skin in Franz diffusion cell. Different 
formulations were applied on the surface of pig skin 

mounted on the cell. After the end of study, stratum 
corneum was separated from the skin. The samples were 
analysed for drug deposition in skin layers as well as 
biological fluid present in Franz diffusion cell. Results 
showed that, glycerol aided in increased deposition of 
resveratrol and gallic acid. This was due to the nature of 
glycerol that modified lipid packing present in stratum 
corneum which resulted in increased driving force for 
diffusion of drugs[71].

Manca et al. reported the formulation of glycerosomes 
and liposomes using 1,2-dimyristoyl-sn-glycero-
3-phosphatidycholine phospholipid and diclofenac 
sodium as the drug. Results indicated that glycerosomes 
were able to enhance the fluidity and performance 
when applied to the skin surface in comparison to 
liposomes[72].

Salem et al. reported the formulation of celecoxib and 
cupferron glycerosomes and converted the formulation 
to gel for topical drug delivery. They evaluated 
glycerosomes formulation for antiinflammatory effect. 
Cupferron was chosen, so as to eliminate or reduce the 
side effects of celecoxib which is a cox-2 inhibitor. Thin 
film hydration method was used for the preparation of 
glycerosome and vesicles were fully characterized. 
Evaluation tests for gel were also performed. Results 
depicted high cumulative drug penetration of glycerol 
vesicles and antiinflammatory action on rat paw edema. 
In vitro drug release studies were performed using a 
dialysis bag. One millilitre of glycerosome formulation 
of each drug was added to dialysis bag which was then 
immersed in phosphate buffer saline. It was observed 
that glycerosomes of celecoxib and cupferron exhibited 
greater drug release than the glycerosome gels. It 
was also observed that increasing the concentration 
of glycerol led to decrease in the drug release from 
vesicles. Ex vivo permeation studies using shaved rat 
skin was carried out in Franz diffusion cells. Permeation 
studies depicted increased permeability of celecoxib 
and cupferron formulations which was attributed to the 
presence of phospholipid and Tween 80 concentration. 
Out of the 17 formulations tested for both the drugs, 
formulation 2 of celecoxib and formulation 1 of 
cupferron showed highest penetration. It was assumed 
that phospholipid caused hydration of skin and Tween 
80 provided the deformability required to the vesicles. 
In vivo histopathological studies, carried out on 
drug-loaded glycerosome gels displayed prominent 
antiinflammatory action on rat paw oedema, indicative 
of enhanced bioavailability of both the drugs[49].
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Inhaled drug delivery using glycerosomes: 

Manca et al. reported the incorporation of curcumin 
in polymer glycerosomes for delivering curcumin to 
lungs. They formulated glycerosomes and polymer 
glycerosomes, combined the later with two polymers 
for preparing polymer glycerosomes. Results indicated 
that glycerosomes and polymer glycerosomes were 
unilamellar and of 65-112 nm size range. Also, 
curcumin accumulation to lungs was indicated from 
both the formulations, but polymer glycerosomes 
exhibited greater biocompatibility in vitro. Researchers 
concluded that hydrophilic polymers and glycerol 
resulted in the formation of network rather than a 
coating around polymer glycerosomes. This mesh/
network aids in efficient delivery of phospholipid 
vesicles in vivo by making small changes in dispersion 
medium and forming stable vesicles than before. Also, 
polymers offer several other advantages like safe to 
use and are biocompatible. These also possess high 
delivery properties. Polymer glycerosomes resulted 
in effective lung delivery due to their aerosolization, 
which also helped in improving the antiinflammatory 
and antioxidant activity of curcumin. All in all, 
polymer glycerosomes were reported to be suitable 
for lung delivery and are expected to improve patience 
compliance and avoid hepatic first pass metabolism[27]. 

Melis et al. reported the formulation of polymer 
glycerosomes for lung delivery to treat pulmonary 
diseases. These were loaded with rifampicin. 
Polymer glycerosomes and glycerosomes without 
polymer were prepared. Trimethyl chitosan chloride 
and sodium hyaluronate was added for preparing 
polymer glycerosomes. Results indicated that polymer 
glycerosomes led to increase in drug concentration in 
pulmonary system. Polymers resulted in the formation 
of stable vesicles that led to more deposition of drug 
in lungs, an increase in mean diameter of vesicles, 
these were aerosolized easily and were delivered to the 
farthest extent using a next generation impactor[73].

Oral delivery with glycerosomes: 

Manconi et al. reported the formulation of liposomes, 
glycerosomes and PEGylated penetration enhancing 
vesicles for the delivery of extract of citrus lemon to 
oral cavity. The extract of phenol was prepared by 
maceration of the fruit rind with ethanol. This extract 
was then loaded in different vesicular systems. These 
were prepared for enhancing the efficacy of treatment 
through vesicular systems for diseases of oral cavity. 
It was stated that glycerosomes and PG-PEVs were 

better than the conventional liposomes since these 
vesicles possessed enhanced penetration. PI and zeta 
potential were evaluated for both extract-loaded and 
empty vesicles. It was reported that empty liposomes, 
glycerosomes and PEGylayed penetration enhancing 
vesicles displayed small size. It was also observed 
that increasing amount of glycerol (25 and 50 %) and 
glycol (12, 25 and 50 %) led to an increase in vesicles 
size approximating to 100 nm. The reason attributed to 
increased size of vesicles with high concentration of 
glycerol and glycol was, the solvents ability to modify 
bilayer assembly of lipids and thereby favouring the 
formation of vesicles with increased size. All extract 
loaded vesicles were reported to be large in size. Empty 
vesicles displayed negative zeta potential whereas 
loaded vesicles zeta potential were less negative. Size 
distribution was narrow for extract loaded glycerosomes 
(PI<0.25) and PEGylated penetration vesicles 
displayed a polydispersed size distribution (PI<0.39). 
Entrapment efficiency of all the vesicles irrespective of 
their type was approximately 63 %. Glycerosomes and 
PEGylated penetration vesicles showed good stability 
due to their viscous nature unlike the conventional 
liposomes. The glycols imparted viscosity to vesicles, 
which in turn resulted in preventing fusion. Antioxidant 
as well as antibacterial activities of vesicles were also 
evaluated. For antioxidant activity, keratinocytes were 
used since they are from epithelium of oral mucosa. 
The cells were stressed with hydrogen peroxide and 
extract dispersed in water was chosen as reference. 
It was reported that glycerosomes and PEGylated 
penetration vesicles led to an increase in viability up to 
100 % and liposomes increased the viability to 90 %. 
Antibacterial activity was tested by measuring the zone 
of inhibition of bacterial growth. Extract dispersed in 
water was chosen as reference. It was reported that 
all the vesicles inhibited the bacterial growth to the 
same extent. Moreover it was stated that entrapment of 
extract in vesicles and delivering it to oral cavity may 
help in efficient distribution of contents along with an 
increase in the release of contents in oral mucosa[74]. 

GLYCEROSOME-BASED DRUG DELIVERY 
NANOCARRIERS

Polymeric glycerosomes are prepared by adding a 
suitable polymer to the glycerosome preparation. 
Polymer addition was during the hydration step. This 
led to the formulation of polymer-coated glycerosomes. 
These vesicles internally form a mesh of polymers 
with improvement of the in vivo characteristics of the 
system[27,73]. Key features of polymeric glycerosomes 
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included, enhanced biocompatibilities, improved drug 
deposition at the target site, avoidance of first pass 
metabolism and delivery of the contents at the required 
location of lungs, safety and nontoxic in nature. These 
formulations can easily be converted to spray form and 
thus aids in pulmonary drug delivery. 

ADVANTAGES OF GLYCEROSOMES

This new vesicular system is a harmless and nontoxic 
topical drug delivery system. Glycerosomes do not 
depend on transition temperatures for their formation. 
They can be formed at room temperature (30 or 
25°) unlike conventional liposomes. They improve 
penetration of drug in stratum corneum and deliver it 
to the inner layers of skin by acting as edge activator 
and penetration enhancer. These vesicles are with 
improved entrapment, fluidity and stability. Stability is 
improved by changing fluidity of lipid bilayer and by 
forming viscous preparations. Also, forms deformable 
and flexible vesicles. Glycerol, being viscous in nature 
homogenously spreads on skin and also there occurs 
no leakage of active pharmaceutical ingredient unlike 
conventional liposomes[68]. Glycerosomes exhibit 
the property of changing the configuration in which 
hydrophilic chains of phospholipids are arranged and 
they can change the way in which other vesicles of 
the system interact with each other. This is possible 
since the dielectric constant of system can change 
in glycerosomes[71]. Glycerosomes also change the 
plasticity of the skin layer and improve it. These 
increase the water content in the stratum corneum and 
minimise the obstacles in transdermal drug delivery[23]. 
These vesicles are unique in the sense that these can act 
as penetration enhancing vesicles as well as the elastic 
ones[23,75]. 

DISADVANTAGES OF GLYCEROSOMES

Glycerosomes formed from less than 20 % of glycerol 
are less productive than those formed from 20 % or 
more glycerol concentration. Vesicles of less than 20 
% glycerol possess low viscosity, reduced penetration 
and low flexibility. Another disadvantage includes the 
disturbance in orientation of phospholipids. Vesicles 

exhibiting high transition temperatures results in 
disorientation at room temperature[2]. Increased 
entrapment of glycerol in vesicles leads to delayed 
drug release as glycerol disturbs the osmotic balance 
between receptor and donor sides[49]. Addition of 
glycerol to vesicles leads to increased particle size 
and reduced drug release[25,49]. Glycerosome viscosity 
on one hand results in improved stability but on other 
hand it may prolong the time for vesicles to reach the 
skin surface from the formulation[71]. Granted patents of 
glycerosomes[2] have been listed in Table 1.

In conclusion, glycerosomes represent new vesicular 
systems composed of glycerol in varying proportions. 
These systems are capable of avoiding skin barrier 
layers and delivering the drug to deeper skin tissues. 
Primarily used for topical drug delivery due to its ability 
of enhancing penetration through skin, increasing 
entrapment of drug in vesicles, forms flexible and more 
fluidic vesicles. Glycerol acts as a modifier for the skin 
layers by changing the arrangement of skin layers. 
This system has been mostly used for transdermal 
drug delivery but Manca et al. prepared glycerosomes 
of curcumin for lung delivery[27]. These emerging 
vesicles can easily be formed at room temperature and 
do not require attainment of transition temperature of 
phospholipids. Entrapment of more amount of drug 
sometimes results in delayed drug release due to 
osmotic imbalance on both sides but these preparations 
have proven themselves in the past few years in terms 
of stability, fluidity, entrapment and viscosity. These 
vesicles can also be used for ocular drug delivery in 
near future, since these will be helpful for delivering 
those drugs which have poor corneal penetration and 
low entrapment in liposomes.

Acknowledgement:

The authors would like to convey thanks to NIET 
(Pharmacy Institute, Greater Noida) for providing the 
infrastructure for carrying out the present study. 

Conflicts of interest:

There are no conflicts of interest among the authors.

Title Patent 
Number Type Filed Date of 

Patent Assignee Inventors

Glycerosomes and 
use thereof in 
pharmaceutical and 
cosmetic preparations 
for topical application

8778367 Grant March 8, 
2010

July 15, 
2014

PRIGEN 
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