
Journal of Nanotechnology 
and Materials Science

Mahshid Shokri1, Mohmood Tavallaie2*, Seyed Mostafa Hosseini2

*Corresponding author: Mohmood Tavallaie, Human Genetic Research Centre, Baqiyatallah Medical Sciences University,
Tehran, Iran, Tel: (+ 98) 26403292; Fax: (+ 98) 26413382; E-mail: tavalla.mah@gmail.com

Citation: Tavallaie, M., et al. Effect of 
Lyophilization on the Size and Polydis-
persity of Unilamellar and Multilamellar 
Liposomes. (2016) J Nanotech Mater Sci 
3(2): 37- 40.

Introduction

	 Long-term stability of colloidal polymeric nanoparticles 
loaded with different drugs has been always a significant factor 
determining clinical success of this therapeutics. Lyophilization 
is regarded as one of the most important methods of preservation 
of nanoparticles. Hence, many efforts have been made to deter-
mine significant factors in the process of lyophilization and their 
impact on the final stability has been discussed[1-3].
	 One of the main classes of colloidal nano and micro 
particles used for the purpose of delivering therapeutic agents 
to the tissues are liposomes. Loading of different hydrophobic 
and hydrophilic drugs into liposomes with high encapsulation 
efficiency is possible due to the multilayered structure of this 
type of carriers[4,5]. 
	 Many developments have been made in the field of 
liposomal drug delivery. A number of these formulations ap-
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Abstract
	
	 With the emergence of drug delivery systems, liposome’s attracted many 
attentions as drug and gene delivery vehicles. In this regard, long-term stability of 
liposomes becomes important in the clinical use of these particles and their success 
in the market of therapeutics. Lyophilisation is one of the most common methods for 
preservation of liposome nanoparticles. This process may change some key proper-
ties of particles such as size and polydispersity. Hence, in this article we investigated 
the effects of lyophilization process on these two parameters. A multilamellar liposo-
mal formulation of DOTAP/DOPE/Cholesterol was fabricated through modified lip-
id film hydration method while extrusion was employed to obtain unilamellar ones. 
Lyophilization was performed in the presence of sucrose used as the cryoprotectant. 
The results show that after lyophilization, the mean particle size of both multilamel-
lar and unilamellar vesicles had no significant change (p > 0.1) in contrast to poly 
dispersity index (p < 0.05)
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proved clinically and entered the market successfully. There-
fore, a significant subject is the choice of a suitable method to 
stabilize these particles to provide a long term shelf life of these 
kinds of products. Lyophilization has been used repeatedly as 
an alternative method of preserving nanoparticle suspension. Al-
though this method has been showed to be suitable for long-term 
stability of liposomes, lyophilization can alter the organization 
of liposome bilayer or the size of particles[6-10]. It is obvious that 
particle size impact on the drug release from nano carriers to a 
great extent. Hence, it is very important to compare the size of 
liposomes before and after freeze drying process. 
	 In this article, a liposomal formulation of DOTAP/
DOPE/Cholesterol was fabricated. Among different methods 
of liposome preparation including hydration of a lipid film[11], 
dehydration–rehydration (DRV)[12], ethanolic injection[13], Re-
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verse-Phase Evaporation (REV)[14], or the detergent dialysis 
technique[15]. Modified lipid film hydration[16] was selected and 
followed by membrane extrusion to obtain unilamellar lipo-
somes[17]. The formulations were freeze-dried in the presence of 
sucrose as the cryoprotectant and the size and polydispersity of 
particles were compared before and after lyophilization.

Materials and Methods

Materials: 1, 2-di-O-octadecenyl-3-trimethylammonium pro-
pane (DOTAP) and 1,2-dioleoyl-sn-glycero-3-phosphoethanol-
amine (DOPE) were purchased from Avanti Polar lipids. Choles-
terol and Sucrose were obtained from Sigma-Aldrich and Alfa 
Aesar, respectively. All the solvents were of analytical grade.

Fabrication of liposomes: Cationic liposomes were fabricated 
using a modified lipid film hydration method. Briefly, DOTAP/
DOPE/cholesterol with a molar ratio of 1:1:2 were dissolved in 
chloroform (total concentration of 5mg/ml). Then, the Solvent 
was removed by heating the solution at 40ºC for 6 hours in am-
bient pressure followed by applying vacuum for 24 hours. The 
dry lipid film was then hydrated through 1ml of 15 mg/ml su-
crose aqueous solution to obtain multilamellar vesicles followed 
by lyophilization (-52ºC, 2.5Pa) for 24 hours to achieve a pre-
servable white powder. Unilamellar vesicles were also obtained 
through extrusion of multilamellar liposome suspension using 
a mini-extruder prior to lyophilization using a 100 nm polycar-
bonate membrane. The liposomes were reconstituted through 
addition of water to the obtained powder when required. 

Particle size and poly dispersity measurements: In order to 
investigate the effect of lyophilization on vesicle formation, the 
mean particle size and size distribution of liposomes before and 
after lyophilization were determined using particle size analyz-
er (Brookhaven Instruments). All the measurements were per-
formed at room temperature using water as the solvent.

Statistical Analysis: Two-tailed Student’s t-test was used for the 
test of statistical significance using Microsoft Excel 2007 soft-
ware (Microsoft, Redmond, WA). Calculating p-value, the level 
of the presumption against null hypothesis was determined for 
every experiment. Design-Expert software was used to prepare 
three-dimensional diagrams.

Results

	 The values of polydispersity of liposomes before and 
after lyophilization and extrusion processes are shown in Figure 
1. It is seen that lyophilization has a dramatic effect on the poly 
dispersity index of particles in such a way that the values had 
twofold increase after lyophilization. Additionally, simultaneous 
effect of lyophilization and extrusion processes on the size of 
liposomes is presented in Figure 2. As it is obvious in this figure, 
size of liposomes decreased through extrusion. Despite using a 
100 nm polycarbonate membrane, liposomes of about 200 nm 
were obtained through extrusion which might be a result of in-
corporation of a large amount of cholesterol in the formulation. 
When mulilamellar vesicles lyophilized size of them decreased 
slightly. This trend was reverse in the case of unilamellar vesi-
cles and lyophilization increased the sizes. (Figure 3)

Figure 1: Poly Dispersity Index (PdI) of liposomes before and after 
lyophilization and extrusion is presented in the figure above and the 
values are in the table below (MLV = Multilamellar Vesicle, ULV = 
Unilamellar Vesicle)

Figure 2: (a) Figures are prepared by Design Expert Software show-
ing mean particle size of liposomes before and after lyophilization and 
extrusion, (b) Size diagram of four samples of unilamellar and multil-
amellar liposomes are compared. (PDF = Probability density function)
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Figure 3: Schematic representation of effect of extrusion and lyophil-
isation on mean particle size and PdI of liposomes (figures is prepared 
by 3D MAX software).

Discussion

	 Cationic liposomes of DOTAP/DOPE/Cholesterol 
were prepared through a modified dry lipid film method. The 
amphiphilic nature of lipids causes self-assembly in aqueous 
media and multilamellar vesicles are produced via sonication. 
Extrusion of multilamellar vesicle suspension in the next step is 
expected to produce unilamellar vesicles[18]. Even though the dry 
lipid film hydration method is a simple and efficient procedure to 
produce liposomes, chemical and physical instability of vesicles 
in the aqueous media restricts the storage time of the formula-
tion. Oxidative and hydrolytic degradation pathways might limit 
the shelf life of liposome dispersions. Furthermore, the average 
particle size and size distribution of liposome dispersions may 
change dramatically due to vesicle aggregation and fusion[19]. To 
address these problems, lyophilization was employed in which 
sucrose acted as the cryoprotectant in order to reduce the vesicle 
agglomeration and instability during the procedure.
	 It is well known that stabilization effect of cholesterol 
results in a more homogenous and stable liposome membrane. 
The presence of cholesterol in the membrane of DOTAP con-
taining liposomes has been reported to cause a significant in-
crease in size compared to cholesterol-free vesicles[20]. As could 
be seen in the Figure 2 the mean particle size had no significant 
change (p > 0.1) while the PdI increased for both types of lipo-
somes after lyophilization. Sucrose as the cryoprotectant in our 
formulation is expected to protect the vesicles and maintain the 
integrity of bilayers in the absence of water. This task is done via 
preventing fusion and rupture of bilayers by ice crystals. Sucrose 
may form an amorphous, glassy matrix inside and around the 
liposomes while interacted with lipid head groups. In addition, 
sucrose may reduce the stress on bilayers caused by drying[21].
	 Indeed, the exact mechanism by which sugars like su-
crose protect the liposome bilayer during lyophilization process 
is not determined yet. However, two hypotheses have been con-
centrated more; water replacement model and vitrification mod-
el[22]. In the first mechanism, the sugars are assumed to lessen 
interactions between the water and then replace the water while 
in the second one; formation of a sugar glass matrix is believed 
to protect lipid bilayers from damage by ice crystals. Both of 
the mechanisms have been proved to be required for lyophiliza-

tion[23,24]. 
	 In fact, formulation and technological factors may af-
fect the quality of protection during lyophilization. In our for-
mulation, both positively charged lipid, DOTAP, and cholesterol 
could improve protection by improving stability. The OH moiety 
of cholesterol can interact with the C = O and P = O moieties 
of the lipids (i.e. DOTAP and DOPE)[25]; furthermore, choles-
terol may weaken the interaction between the acyl chains and 
consequently prevent aggregation or improve the interaction 
between the lipids and cryoprotectant[26,27]. The cryoprotectant 
selection, the mass ratio of cryoprotectant/lipid and distribution 
of the cryoprotectant on the two sides of the bilayers are also 
of great importance. Disaccharides such as sucrose used in our 
formulation have been demonstrated to be effective in protect-
ing membrane integrity[28]. Using our method of preparation, the 
sucrose is distributed on both sides of bilayers which results in 
better stability of liposomes compared to the presence of cryo-
protectant on one side according to Crowe et al[29].
	 Moreover, the particle size of the vesicles influences 
the outcome of the lyophilization procedure; for smaller vesi-
cles because of fusion or aggregation processes, the particle size 
tends to increase while for the larger liposomes, fragmentations 
of vesicles might occur[30]. However, authors have frequently re-
ported the increase of both mean particle size and PdI[31] which 
might be a result of vesicle aggregation during the freezing step 
of lyophilization. Presumably, vesicles diffuse away from ice 
crystals toward the unfrozen fraction. Consequently, the parti-
cles are concentrated in the unfrozen fraction and aggregation 
take place[32]. In the case of our formulation, mean particle 
size remained almost unchanged (p > 0.1) while the significant 
change of PdI was observed after lyophilization (p < 0.05). Nev-
ertheless, one may notice mean particle size reduction of multil-
amellar vesicles through lyophilization despite it is insignificant 
as mentioned. Here it is worth mentioning that decrease in mean 
vesicle size through lyophilization is also possible. Vincourt et 
al. examined the effect of cryoprotectant (sucrose)/lipid ratio on 
the particle size of SPC/Cholesterol/DOTAP liposomal formula-
tions. Interestingly, particle size declined significantly through 
lyophilization when a high ratio of sucrose/lipid (10:1) was em-
ployed[33]. In another interesting study, Wieber et al. reported a 
decrease in the size of DOTAP/Cholesterol multilamellar vesi-
cles after freeze-drying[20]. They assumed that the freezing pro-
cess effect the liposome size[34] as by freezing only the size was 
observed to decrease in a comparable manner.
	 It could be seen from the Figure 2 that the mean par-
ticle size of vesicles increases when DNA is added to the lipo-
somes which are in agreement with the data reported by oth-
er authors[35,36]. Observing the dequenching of the fluorescent 
probe NBD-PE incorporated along with Rh-PE into the lipo-
somes membrane, Radwan Almofti et al. found DNA-induced 
liposome-liposome responsible for the change in liposome size, 
upon addition of DNA[35]. 

Conclusion

	 In this study, a lyophilized liposomal formulation of 
DOTAP/DOPE/Cholesterol was prepared through a modified 
lipid film hydration method. Extrusion through a membrane fil-
ter was employed to downsize the liposomes and produce unil-
amellar vesicles. Lyophilization found to change the PdI but not 
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the mean particle size of the vesicles significantly when sucrose 
used as the cryoprotectant.
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