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Abstract 
 
Liposomes are used for drug carriers meaning that drugs are incorporated in the membrane or the vesicle of the 
liposomes. In this study, liposomes were prepared from mixed micelles, consisting of phosphatidylcholine, without or 
with cholesterol and  sodium cholate was added in several ratios namely 0.44; 0.55; 0.63; 0.70; 0.90 and 1.10. After the 
preparation, the sodium cholate has been removed by a dialysis membrane, using the Hemoflow High Flux, which is 
generally used for haemodialysis.   The Hemoflow High Flux is a tool in an effort to obtain a simple, quick, effective 
method    for removing sodium cholate in the process of preparing liposomes. The effectiveness of this tool was proved 
by the particle size of the liposome which was measured by the Malvern Particle Sizer. The particle size of the liposome 
consisting of phosphatidylcholine (PC) without cholesterol and with cholesterol was 63-68 nm at all ratios and 
approximately 125 nm at the ratio of 0.55; 0.63; 0.70, respectively. The particle size of the liposome tended to be 
smaller after dialyzing, although the concentration of lipids tended to increase. However, a large amount of buffer 
solution has to be used with this method.  
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1. Introduction 
 
The activity of drugs depends partly on liposomes, drug 
vehicles or carriers, in which drugs are deposited in the 
membrane or vesicle of the liposomes.  Several studies 
showed successful results in preparing the homogenous 
liposomes using detergents such as Triton-X100, bile 
salts etc.1-4. Sodium cholate was generally used to 
prepare liposomes with size ranging from 40-180 nm, 
depending on the ratio of lecithin and the composition 
of lipids. This technique used a large amount of buffer 
solution for the dialyzing of the detergent so that the 
main substance that should be incorporated into the 
liposome should have a hydrophilic character. This 
technique succeeded to entrap protein such as DNA or 
other genetic material which is useful for further 
research for gene therapy5.     

 
Among five established methods in preparing 
liposomes, one is the use of dialyzation systems after 
the mixed micelles of lecithin and detergent have been 
formed. In an effort to search for a rapid, simple and 
effective method to prepare liposome the Hemoflow 
High Flux, originally designed for haemodialysis was 
used in this study1. 
 

2. Method and Materials 
 
Equipment: The Hemoflow High Flux (HHF), F60S, 
which has two surface membranes, an inner and an 
outer membrane, with a cut-off of 5000 Da. was 
donated by Uni-Klinikum, University of Freiburg. A 
spectrophotometer UNIKON, with a wave length of 830 
nm, a Malvern Particle Sizer and two peristaltic pumps 
were used. The sample was pumped into the inner 
membrane of the cartridge of the HHF and the buffer 
was pumped into the outer membrane of the cartridge. 
Other equipments were Buchi Rotavapor-R, a water 
bath, and a vacuum pump.  
 
Materials: High purity phosphatidylcholine from 
soyabeans (SPC) and egg yolk (EPC) were purchased 
from LIPOIDR. The sodium cholate detergent was from 
Sigma. Cholesterol was re-crystallized two times with 
methanol. Whatmann paper no. 1. Other chemicals were 
HEPES, phosphate buffered saline (PBS), demineralised 
water, polyethylene glycol (PEG) 4.000 and other 
additive chemicals. 
 
Methods: the mixed micelles derived from both 
phosphatidylcholine, SPC or EPC and sodium cholate 
(SC) were prepared as follows:  
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- SPC or EPC (20 nm) and SC were weighed at 
molarity ratios of 0.40; 0.55; 0.63; 0.70; 0.90 and 
1.10 

- SPC or EPC with SC was mixed in a round bottom 
glass of 1 L. 

- The mixture was dissolved in ethanol q.s. and 
evaporated by the Buchi Rotavapor-R with as rpm 
of rotation at point 6, the vacuum condition was 
started at 200m-Bar and decreased gradually to 10 
m-Bar and the bottom of the container was emerged 
in a water bath at 400C. Then it was dry vacuumed 
at a high pressure, for 2-3 hours until the lipid film 
was completely dry. 

- The next step was hydration with 250 ml PBS, pH 
7.35 or with HEPES at pH 7.4, mixing thoroughly 
by handshaking and followed by magnetic stirring 
until an optimal clear solution was formed.  

- Then it was dialyzed four times each with 500 ml 
buffer, passed through the outer membrane of the 
cartridge of HHF. The flow rate of the hydrated 
sample, passing through the inner membrane was 
20 ml/min. and the buffer was 40 ml/min. The 
adjusted flow rate was higher than described in the 
literature7, because in this study the flow did not 
have a constant rate below 20 ml/min. The volume 
of the liposome solution was increased to 700 ml 
because of this osmolarity.  

- Finally the dialysate was concentrated using 2.5% 
of PEG 4.000 in 500 ml PBS. The volume of the 
liposome solution decreased from 700 ml to 150 
ml. The concentration and the type of PEG were 
lower than described in the literature because at 
high concentration of PEG, the volume of the 
liposome solution decreased 12 minutes after 
dialyzing.  

- The liposome size was measured, before and after 
every step of dialysis by Malvern Particle Sizer 
(MPS). The lipid concentration of those samples, 
which were hydrated with HEPES, was measured 
by Bartlett’s method.  

- The second experiment consisted of the liposome 
preparation containing cholesterol, for increasing 
the stability of EPC at a ratio of 1:3 and then it was 
mixed with sodium cholate at several molarities as 
described above. Lipids and sodium cholate were 
dissolved in methanol instead of ethanol, and the 
solvent was completely removed by Buchi 
rotavapor under reduced pressure.  

 
Cholesterol was re-crystallized according to the 
following method:  
- An amount of 4.85 g of cholesterol was dissolved 

into about 40 ml methanol using Buchi rotavapor, 
and the container was emerged in a water bath of 
600C until all cholesterol was completely dissolved. 

- The mixture was cooled at room temperature and 
10-20% crystals were formed.  

- Further it was cooled to 40C (the container should 
be emerged in ice or in an ice bag if necessary) 
until most of the material became crystals. 

- The crystals, which were filtrated through papers, 
were dissolved again in methanol as described 
above. The crystals obtained then were dried by 
evaporating the remaining methanol in Buchi 
rotavapor at room temperature, followed by 
vacuum evaporation overnight. 

 
3. Results and Discussion 
 
All results are presented on tables. Table 1 shows the 
liposome size prepared from mixed micelle of SPC and 
SC at the ratio of 0.55 in PBS, pH 7.35. Sodium cholate 
(SC) was mixed using different methods: A. mixed in 
buffer (60.2-66.6 nm), B. mixed in lipid directly (52.2-
62.7 nm). Table 2 displays the liposome size at other 
ratios i.e. 0.4-1.1, in HEPES buffer, pH 7.4. The size 
was almost similar at all ratios (54.4.7-80.8 nm). The 
liposome size of EPC, cholesterol and SC at several 
ratios in HEPES is shown in Table 3.The size after 
dialyzing (ratios 0.4-0.7) tends to be larger than a 
previous preparation i.e. 84.2-150.9 nm. At higher 
ratios, more than 0.7, the liposome size is too large. The 
hydrated lipid of PC (SPC or EPC) and sodium cholate 
at all ratios showed a clear solution after shaking 
thoroughly, but the mixture of EPC and cholesterol 
(3:1), remained cloudy in spite of overnight stirring, 
especially for the high rate ratio solutions of more than 
0.63. The lipid concentration before and after 
concentrating with 2.5% PEG 4,000 is shown in Table 
4. Before concentrating, the lipid concentration is about 
17.6-24.2 mM and after concentrating is 21.1-39.4 mM. 
According to the theory, the concentration of lipids is 20 
mM before preparation, however in this study amounts 
of lipids were lost or hyper-concentrated during 
preparation and dialyzing. A possibility which may 
caused this phenomenon is the width of the membrane 
surface of the cartridge (0.8-1.3 m2) that allowed the 
lipid solution to pass through in or out the membrane 
during analysis6,8.  

Table 1.  
The   liposome size (nm) of  SPC – sodium cholate (at the ratio 

of 0.55),  before and after dialyzing  with PBS, pH 7.35 
 

 A B 
Before dialysis * * 
After dialysis 1 66.6 * 
After dialysis 2 60.2 52.2 
After dialysis 3 66.3 60.9 
After dialysis 4 65.2  62.7 
After dialysis 5 63.9 62.5 

  
Appearance of the solution Clear   Clear   

  *   undetectable because of the lowest intensity of the 
solution. 
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Table 2.  
The   liposome size (nm)  of  SPC and sodium cholate at 
several ratios, before and after dialyzing with HEPES 

buffer, pH 7.4 
 

Ratio 0.44 0.55 0.70 0.90 1.10 
Before dialysis * * * * 77.1 
            
After dialysis 1 * * * 70.6 ** 
After dialysis 2 * 80.8 61.1 67.0 64.6 
After dialysis 3 70.8 72.2 66.9 ** 67.9 
After dialysis 4 54.7 66.8 66.2 66.2 66.4 
After dialysis 5 58.0 67.4 65.6 65.6 68.2 
      
 Appearance clear Clear Clear clear cloudy

*     undetectable. because of the lowest intensity of the   
solution. 

**   the sample was missing 
 

Table 3.  
The   liposome size  ( nm )  of   EPC and cholesterol (3:1 

mol/mol) and sodium cholate at several ratios, before and 
after dialyzing  with HEPES buffer,  pH 7.4 

 
Ratio 0.4 0.55 0.63 0.7 0.9 1.1
       
BD. 153.0 138.7 240.5 191.9 183.5 175.9
AD.1 103.6 150.9 140.8 136.9 185.6 206.2
AD.2 65.9 145.2 127.1 129.3 139.3 361.9
AD.3 86.0 115.5 123.0 124.0 135.8 238.5
AD.4 84.2 123.3 121.3 145.1 134.9 362.3
AD.5 84.3 125.5 120.1 124.3 137.1 455.0
        
Appear*. cloud cloud cloud cloud cloud cloud

BD=before dialyzing; AD= after dialysing;  
 *   After stirring for 2 h (at low ratio) and overnight (at high 

ratio,  more than 0,63)  
 

Table 4. 
The lipid concentration (mM/L) before and after 

concentrating with 2.5% of PEG 4,000 at several ratios 
(PC:Chol=3:1) and sodium cholate* 

   
Ratio 

lipid:detergent 
Before 

concentrating 
(mM/L) 

After 
concentrating 

(mM/L) 
0.55 18.0 ;  17.6 22.9 ;  21.1 
0.63 22.5 ;  20.8 39.4 ;  38.2 
0.70 24.2 ;  23.3 32.6 ;  31.5
0.90 18.7 ;  18.2 25.9 ;  25.8 
1.10 19.0 ;  18.3 25.9 ;  25.8 

* Measured by Bartlett’s assay. 
 
No statistically analyzed data are available at this stage, 
since not enough values could be compared. Detergents 
are widely used for the preparation of liposomes. An 
important parameter characterizing detergents and their 
suitability for this purpose is their critical micelle 
concentration (CMC) i.e. the concentration of 

monomers present in mixtures of detergents with water 
at concentration C more than CMC. Bile salts, 
especially sodium cholate, are naturally existing 
detergents with a rather high CMC of about 14-
20mM6,9, which are often used to produce uni-lamellar 
liposomes if combined with lipids. These are the best 
methods for preparing liposomes with lipophylic 
proteins inserted in the membranes, since these proteins 
can be introduced into the mixed micelles in the 
presence of mild, non denaturing detergents, to achieve 
a 100% incorporation rate without modification of the 
general method. Another special feature is the ability to 
vary the size of the liposomes by precise control of the 
condition of the detergent removal and to obtain 
vesicles of a very high homogenous size6. 
 
Depending on the lipid content and the lipid-detergent 
ratio, the size of the liposome could be defined. The 
particle size of about 70 nm from PC alone could 
usually be obtained at the molar ratio of 0.55 with 
sodium cholate7,10. In this study, at the same ratio, we 
obtained a particle size of 63-68 nm from SPC (Table 1 
and 2). Our result seemed to be comparable with the 
result from other studies mentioned above, although a 
different method of dialysis was used. At the same ratio, 
the combination of PC and cholesterol (3:1 mol/mol) 
yielded with a size of 125 nm (Table 3). Another 
experiment using Mini-Lipoprep dialysator, using a 
membrane with a cut-off of 10.000, was carried out to 
remove the sodium cholate from the liposomes 
consisting of PC and cholesterol during 8 hours. A very 
homogenous liposome of 74 nm was produced. The 
different size of the produced substances may be caused 
by the different cut-off of the dialysator’s membrane 
and the duration of the dialysis. In our study a 
membrane with a cut-off of 5000 with a duration time of 
about 2 hours was used.  
 
The dialyzing method used in this study was found to be 
very effective in producing highly concentrated, sterile 
uni-lamellar liposomes in large amounts. However, 
some disadvantages were found. Only water soluble 
substances could be entrapped successfully into the 
vesicles, in addition with lipophilic proteins that could 
be incorporated in the membrane of vesicles. Also more 
than 2 hours is required to produce defined liposomes, 
which is considered to be time consuming and a large 
amount of buffer, 4-8 L is necessary to remove the 
detergent completely and to wash the dialysator finely6. 
The distribution of the particle size of our results (data 
is presented elsewhere) using the study method was 
very broad, perhaps because the diameter of the inner 
cartridge of the HHF was too large, about 200um, in 
order to be able to separate the small liposomes from the 
larger one. For homogenizing the particle size of 
liposomes, several methods should be adapted using gel 
chromatography with Sephadex G-506, Sepharose 2B-
CL11, or TLC with Sepharose4B12. 
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With the study method, amounts of lipids, about 10%, 
were lost or hyper-concentrated during dialyzing. It is 
assumed that the loss of lipids was due to the fact that 
some of the lipids remained inserted on the surface of 
the membrane cartridge. The membranes have a wide 
size of 0.8-1.3 m2 with a thickness of 11-40 um6,8. The 
existence of hyper-concentrated lipids was possible 
caused by the loss of the buffer solution after 
concentration with PEG 4,000. For the detection of the 
remaining lipids the washing solution of the cartridge 
should be further examined. 
 
4. Conclussion 
 
The method in this study for the preparation of 
liposomes could be used for mass production of 
liposomes, however it should be revised concerning the 
decrease of the amount of buffer solution during 
dialyzing. The particle size of the liposomes, which was 
63-68 nm, tended to be stable at all ratios of the lipid 
detergents when preparing liposomes without 
cholesterol. The size of liposomes using cholesterol 
(approximately 125 nm), as a stabilizing membrane, 
tended to be higher than without cholesterol, and 
relative stable at ratio 0.55; 0.63 and 0.70. After 
dialyzing the concentration of the lipids tended to 
increase. 
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