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Abstract 

The paper presents an adapted ultrasonication method for obtaining new liposomes with higher 
bioavailability containing magnetic nanoparticles, with possible applications in treatment of cancer or other 
diseases which imply cellular targeting. Natural soybean lecithin and magnetic cobalt ferrite nanoparticles 
were used for obtaining the liposome nanocapsules; these liposome nanocapsules were evaluated and 
analyzed by transmission electron microscopy (TEM). Generally, the liposomes have not a higher 
uniformity, being formed by agglomerated capsules with various diameters up to 1000 nm, as is revealed 
by TEM analysis. The presence of magnetic nanoparticles (dimensions of 8-10 nm) of cobalt ferrite in the 
liposomes is also demonstrated. The fractionation by centrifugation conduct to more uniforms fractions 
with diameters of 500-1000 nm for the first fraction, more concentrated in cobalt ferrite nanoparticles, and 
with lower diameters (200-700 nm) for the second fraction. 
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1. Introduction 

Drug delivery, controlled release, or drug targeting 
are permanent researchers tasks in order to find 
ways to heal various diseases, such as cancer. 
Some of the most used matrices for achieve this 
goal is liposomes. They are some of the most 
important matrices for drug delivery due to the 
“natural” characteristic of the constituents and to 
their higher bioavailability / biocompatibility with 
both aqueous and lipid phases from the body. They 
can be carriers for various types of bioactive 
compounds due to the architecture of these 
particles: capsules (such as cells) with diameters of 
tens of nanometers to micrometers, which can 
encapsulate small or medium organic molecules or 
inorganic compounds [1,2].  

 

Liposomes are widely used in the encapsulation of 
some anticancerigene drugs [2] and also for 
antifungal, antiviral, or antibiotic drugs [3,4]. The 
main disadvantage of liposomes is the stability in the 
sanguine flux. Stable liposomes contain polymeric 
moieties attached to the lipid layer have been 
obtained (i.e. Stealth liposomes) [5]. Magnetic 
targeting is also much studied in recent years; in 
order to concentrate chemotherapeutics to a tumor 
region for example, simultaneously with the reducing 
the overall dose, coating superparamagnetic 
nanoparticles and the chemotherapeutic agent can be 
used [6]. A recent review presents an overview on the 
progress of the magnetic targeting for drug delivery 
from the laboratory to the clinic [7]. 
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A minimal-invasive technique for the treatment of 
cancer by using hyperthermia of a nanoparticulate 
magnetic material on a localized tumor and 
exposing to an alternating magnetic field is studied 
[8]. Biocompatible magnetic fluids containing iron 
oxide nanoparticles were obtained and 
characterized; these magnetic particles were coated 
with citric acid or carboxymethyldextran polymers 
[9], or with dextrane [10]. 

Recent studies on medical applications of magnetic 
nanoparticles (i.e. magnetite cationic liposomes, 
antibody-conjugated magnetoliposomes) for drug 
targeting, cell bioseparation, contrast agents in 
magnetic resonance imaging, and heating 
mediators in cancer therapy are published [11-18]. 

In this paper we continued the researches on 
liposome nanoencapsulation [19-21] with the 
obtaining and characterization of liposomes 
containing cobalt ferrite magnetic nanoparticles 
with higher bioavailability and possibly 
biomedical and/or food applications. 

2. Materials and methods 

Materials. Ferrimagnetic nanoparticles (cobalt 
ferrite) were previously obtained by chemical 
coprecipitation method using ferric 
acetylacetonate, ferric nitrate, and cobalt nitrate 
[22-24]. Cobalt ferrite nanoparticles were 
ultrasonicated until mean dimensions up to 20 nm 
prior liposome encapsulation. Lecithin used for 
obtaining the liposomes was separed from 
soybeans and has the following composition: 35% 
phosphatidylcholine, 25% phosphatidyl-
ethanolamine, 15% phosphatidylinositol, 7.5% 
phosphatidic acid, and other phospholipids (from 
HPLC analysis of soybean lecithin) [19]. 

Obtaining the liposomes containing cobalt ferrite 
nanoparticles. Lecithin liposomes containing 
cobalt ferrite nanoparticles were obtained by 
ultrasonication method. First, cobalt ferrite 
particles were suspended in distilled water (12.5 
mg/mL) and the suspension was ultrasonicated in a 
flask (under cooling on ice) by using an Ultrasonic 
Liquid Processor Vibra Cell VC 505, 500 W, with 
the following conditions: amplitude 80%, 
ultrasonication time 30 minutes, pulse on 30 s, 
pulse off 30 s.  

 

 

Liposomes containing cobalt ferrite nanoparticles 
were obtained from soybean lecithin which are 
ultrasonicated in the same conditions together with 
cobalt ferrite suspension (12 mg lecithin/mL and 3 
mg cobalt ferrite nanoparticles/mL). After 
decantation, the liposome suspension was separed 
and analyzed by TEM analyses. Further, liposome 
suspension was fractionated by centrifugation and 
two fractions of 0.5 mL were separated (6000 rpm for 
15 minutes for both fractions) and analyzed in the 
same manner. 

Transmission electron microscopy (TEM) analysis. 
TEM was performed on a JEOL JEM 1010 
apparatus, with a Mega View III CCD camera for 
acquisition of images and an acceleration voltage of 
100 kV. 
 
3. Results and Discussion 

Cobalt ferrite nanoparticles with approximative 
dimensions of 8-10 nm and even lower were obtained 
after the first ultrasonication procedure (Figure 1). 

 

 
 

Figure 1. TEM analysis of the cobalt ferrite nanoparticles 
(after the first ultrasonication) 

Multilamellar liposomes containing cobalt ferrite 
were obtained by using only soy lecithin consisting 
of a mixture of phosphatidylcholine/phosphatidyl-
ethanolamine/phosphatidylinositol/phosphatidic acid 
in a ratio of 3.6/2.6/1.4/1 (without other stabilizing 
additives) as a cream-colored translucent suspension 
(after the decantation of the resulted suspension, the 
non-encapsulated cobalt ferrite nanocrystals being 
separed on the bottom of the ultrasonication flask) 
(Figure 2). 
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Transmission electron microscopy (TEM) analysis 
revealed that the lecithin liposomes are generally 
multilamellar with diameters between 100 nm and 
1.5 µm (non-fractionated liposomes). Fractionation 
process conducts to liposome samples with higher 
uniformity. The first fraction consists of liposomes 
with diameters of 500 nm to 1 µm (Figures 3a and 
3b) which contain inside cobalt ferrite nanoparticles. 
The second fraction consists of smaller liposomes 
with diameters of 200-700 nm, but which contain 
lower concentration of magnetic nanoparticles 
(Figures 3c and 3d). The residue fraction has 
liposomes with irregular forms and a very low 
concentration of magnetic nanoparticles (Figures 3e 
and 3f). Cobalt ferrite nanoparticles with higher 
dimensions were gravimetric separated after 
liposome synthesis.   
 Figure 2. Lecithin liposomes obtained by the adapted 

ultrasonication method  
 

  
(a) (b) 

  
(c) (d) 
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(e) (f) 

 
Figure 3. TEM images for lecithin liposomes containing cobalt ferrite: (a-b) first fraction (after 15 

minutes of centrifugation at 6000 rpm), (c-d) second fraction (after another 15 minutes of centrifugation 
at 6000 rpm), (e-f) residue fraction 

 
 

Table 1. Cobalt ferrite magnetic nanoparticles (MNP8,9,9r) concentration in lecithin liposome (L) 
capsules, initial and final (non-fractionated) liposome suspensions 
No Code CoxFe3-xO4 / 

Liposome 
ratio 

Sample conc. 
in liposome 

capsules 
(%) 

Sample conc. 
in the initial 

liposome 
suspension 

(%) 

Sample conc. 
in the final 

(non-
fractionated) 

liposome 
suspension 

(%) 

Sample conc. 
in the final 

(non-
fractionated) 

liposome 
suspension 
(mg/mL) 

1 MNP8_L 0.31 1.7 0.46 0.20 2.04 
2 MNP9_L 0.32 1.7 0.46 0.20 2.04 
3 MNP9r_L 0.32 1.7 0.46 0.21 2.05 

 
 

The concentration of cobalt ferrite nanoparticles in 
liposomes (non-fractionated samples) can be 
estimated by knowing the initial concentration of 
these materials and the quantity of magnetic 
nanoparticles (with higher dimensions) resulted 
after the gravimetric separation from the liposome 
synthesis. Thus, for all three samples used in 
liposome synthesis the approximate cobalt ferrite 
nanoparticles:lecithin ratios were 0.3 in all cases; 
the magnetic nanoparticles concentrations were 
1.7% in liposomes, 0.46% and 0.2% (~2 mg cobalt 
ferrite nanoparticles/mL liposome suspension) in 
the initial and final liposome suspensions, 
respectively (Table 1). 

 
4. Conclusion 

The following conclusion among the obtaining and 
analysis of liposomes containing cobalt ferrite 
nanoparticles can be drawn: 

(1) it is possible to obtain stable lecithin liposomes 
containing cobalt ferrite nanoparticle (dimensions up 
to 10 nm) by using the ultrasonication method, with 
possible applications in pharmaceutical formulations 
for cancer therapy (hyperthermia for localized tumors 
or magnetically targeted drugs); 

(2) the lecithin liposomes containing cobalt ferrite 
nanoparticles in concentration of 2 mg/mL have 
relatively uniform shapes and dimensions for the 
fraction separed by centrifugation (uni- and 
multilamellar), with the capsule diameters in the 
range of 200-700 nm. 
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