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Magnetic nanoliposomes are versatile nanocarriers for targeted drug delivery. These liposomes can
enhance the efficacy of bioactive compounds by improving pharmacokinetic parameters. Chemical
ingredients of magnetic nanoliposomes include ferrofluid, cholesterol and phospholipid molecules.
The preparation of magnetic nanoliposomes involves two steps viz. synthesis of magnetic
nanoparticles and then combination with prepared nanoliposomes. The magnetic nanoliposomes are
synthesized by various chemical methods including co-precipitation, thermal decomposition, microemulsion and hydrothermal synthesis. The nanoliposomes are prepared by sonication, extrusion,
micro-fluidization techniques. Characterization studies included size, nanoparticle tracking analysis,
flow cytometry, size exclusion chromatography, DSC, encapsulation efficiency. This study provides an
overview of the preparation and characterization techniques of magnetic nanoliposomes.
Key words: Magnetic nanoliposome, Ferrofluid, Co-precipitation, Sonication, Flow cytometry.
INTRODUCTION
Magnetic nanoliposomes are the most preferably
investigated nano carriers for targeted drug
delivery. Stabilization of therapeutic compounds
helps to overcome barriers associated with
Absorption in tissue and cellular level, and it can
optimize the bio-distribution parameters and
therapeutic efficiency can be increased in
various drug delivery applications [1].
The synthetic bilayered structures can be
biocompatible and range up to seven hundred
nanometers in size. In addition, these
nanostructures are capable of enclosing both
hydrophobic and hydrophilic drugs, enabling
their protection from the external inactivating
conditions [2]. The liposomes are the small and
spherical vesicles generated from phospholipids
and cholesterol [3]. Typical range diameter of
Liposomes for drug delivery is from 250 A° to
several micrometers. Advantages and limitations
of liposomes depends on the physical, chemical

and biological characteristics such as size,
loading capacity, encapsulation efficiency and
stability parameters. Research in liposomal drug
delivery is developed, and multiple reviews of
the research have been composed [4]. With
recent developments in liposome formulations
and their applications in medicine, this analysis
aims to provide a detailed insight into magnetic
nanoliposome technology [5].
Nanoliposomes
Nanoliposomes developed recently refers to
nanoscale lipid vesicles. The formulation,
properties and mechanism of nanoliposomes
resemble liposome. The surface area of
liposomes is probably high and it can have
potential
to
enhance
solubility
and
bioavailability. The controlled release from the
encapsulated form of liposomes is increased [3].
They have various applications in fields of
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cancer therapy, nutraceuticals and cosmetics
because of technological advancements. It can
alter the pharmacokinetic parameters and
increase the efficacy of bioactive compounds [6].
Despite
the
enormous
research
and
development
works
on
nanoliposomal
technology, only a few products have been
approved for human use, and many products are
in clinical trials. This may be due to identified
toxicity studies in liposomal formulations,
stability issues, and high cost of production [7].
Incorporation of hydrophilic drugs in inner layer
of phospholipid and hydrophobic drugs in
phospholipid bilayer. Nanoliposomes plays a
crucial role in targeted drug delivery system and
has numerous advantages over conventional
drug delivery. It can also be used for passive
targeting or active targeting of drug components
[3] (Figure 1).

Bottom up and top-down method are the two
principal methods used in preparing magnetic
nanoparticles, mostly, the bottom-up method is
the most preferred, because of particle size
limitations of top-down method.
The bottom-up method can be co-precipitation,
thermal decomposition, reverse micelle, and
hydrothermal etc. The most commonly
employed methods are co-precipitation and
hydrothermal synthesis [12].
Co-precipitation method
The co-precipitation synthesis procedure is a
very simple method for preparing MNP. Most
research work uses aqueous media for
precipitation. Very often, the magnetic iron
oxides are prepared by a co-precipitation from
aqueous Fe2+ and Fe3+ salt solutions, to which a
base is added [13,14]. There are also some
disadvantages with this method. Controlling the
pH is vital in order to control the particle size,
which is governed by kinetic factors.
Thermal decomposition method
The thermal decomposition of organometallic in
boiling organic solvents is another effective way
for Magnetic nanoparticle preparation. The
synthesized MNP shows a narrow size
distribution. Mostly Iron carbonyls/iron acetylacetonates non-magnetic precursors for the
synthesis [15]. By mild heating of these metal
particles under oxidative conditions, it is
oxidized to iron oxide. A single step synthesis
involves thermal decomposition of precursors
with cation iron centers.

Fig. 1. Structure of magnetic nanoliposome
Chemical constituent of magnetic nanoliposomes
The chief chemical ingredients of magnetic
nanoliposomes are ferrofluid, cholesterol and
phospholipids [8]. Because of amphiphilic
nature, they contain both hydrophilic and
hydrophobic properties. In phospholipid, head
group is hydrophilic and its fatty acid tail is
hydrophobic.
Sterol
incorporation
into
liposomes brought major changes in vesicle
properties. Cholesterol is mostly used in
liposomes manufacturing. It can enhance the
liposomal structure by modifying the fluidity of
lipoidal membrane and prevents crystallization
[9]. It is used to stabilize the nanoliposomes and
permeability to a lipid membrane. It leads to the
stability of nanoliposomes and decreases lipid
membrane permeability. Magnetic liposomes
comprise magnetic nanoparticles prepared by
various chemical methods. The magnetic
particles in ferrofluid are magnetite, Fe3O4,
although other magnetic particles have been
used [10,11].

Micro-emulsion synthesis
Micro-emulsion synthesis is a two-phase method
for the synthesis of monodisperse Magnetic
nanoparticles. For this purpose, a water-in-oil
micro-emulsion is prepared by dispersion of
nanosized water droplets (10–50 nm) in an oil
phase, stabilized by surfactant molecules at the
water/oil interface [15]. The properties of NPs
prepared by the micro-emulsion method depend
on the type and structure of the surfactant [16].
MNP of metallic cobalt, cobalt/platinum alloys,
and gold-coated cobalt/platinum have been
synthesized by this method [17]. It shows
narrow size distribution, which will be useful for
the medical applications [18].
Hydrothermal synthesis
This is basically a solution reaction-based
approach. Formation of nanomaterials can

Synthesis of magnetic nanoliposomes
Synthesis of magnetic nanoparticles
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happen in a wide temperature range from room
temperature to very high temperatures.
Hydrothermal synthesis performed in aqueous
media at temperatures above 200 C is realized
in autoclaves at pressures above 2000 psi [15].
This route exploits the ability of water to
hydrolyze and dehydrate metal salts at high
temperatures [19]. Because of the low solubility
of the obtained metal oxide particles in water at
such temperatures, a precipitation takes place
and by variation of concentration, temperature,
and autoclaving time, particle size and
morphology can be controlled [19] (Figure 2).

ranges [20] Titanium coated probe sonicator
used for treatment of hydrated vesicles. The
procedure involves dissolving an appropriate
composition of phospholipids and cholesterol in
a mixture of chloroform and methanol. Filtering
of mixture are carried out to remove insoluble
components. The filtrate is transferred to round
bottom flasks runs in rotary evaporator to
remove organic solvents. After evaporation of
organic solvents allow to stand vacuum
overnight at 0.1pa. Suitable buffer is added to
hydrate lipid vesicles from dry lipid film. After
hydration, multilamellar vesicles are formed.
With sonication with probe sonicator,
unilamellar vesicles are produced. Probe
sonication is preferred over bath sonication
because energy input is high. Probe sonicator
has a disadvantage that it can release titanium
particles to lipid dispersion [21] (Figure 4).

Fig. 2. Synthetic scheme for magnetic
nanoliposomes
Methods of liposome preparation
Figure 3 enlists diverse methods of liposomes
preparation.

Fig. 4. Nanoliposomes preparation by Sonication
Extrusion method
In extrusion technique, the liposomal suspension
is passed through a membrane filter. Extruder is
a machine equipped with a pump which pushes
fluids through the membrane filter. In this
process, multilamellar large vesicles (MLVs) are
changed into large unilamellar vesicles (LUVs)
with the use of desired pore size of filters [3].
Parameters such as pore size, pressure applied
pressure and number of cycles influence the
diameter and size distribution of the formed
liposomes. Extruder is cleaned by rinsing with
ethanol. To prepare MLV liposomes, two stacked
polycarbonate filters are placed in a stainless
steel filter holder of extruder, followed by
loading of the liposome suspension into one
syringe of mini extruder. Second syringe is to be
placed at another end of extruder. The
temperature is allowed to reach heating block
and the suspension is passed through extruder.
Repeat extrusion process for seven times [22].

Fig. 3. Methods of liposomes preparation
Preparation of nanoliposomes
Sonication method
Sonication is one of the most widely used
method to prepare nanoliposomes of small size
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Micro-fluidization technique
Micro-fluidization method of nanoliposome
formation precludes the use of toxic chemicals
using micro-fluidizer. It is a new diffusion-drive
technique to reduce vesicle size employing the
force of two streams of liposome suspension that
collide under high pressure [7].
Ingredients for preparation of nanoliposomes
and suspension medium are selected based on
intended application. Phospholipid dispersion is
prepared using homogenizer and the dispersion
formed is passed through micro-fluidizer. The
suspension must be cooled because the rise in
temperature in interaction chamber results in
the high operating pressure. Leave the
nanoliposomes at temperature above Tc.

study of liposome size distribution. The
dependence of scattered light fluctuations on
time is measured by this method [23] The
Brownian motion of the colliding particles is
measured by DLS, results in the incident's
dispersion light [26]. The dispersion of light
depends on the difference in the refractive index
between the particles suspended and the
solvent. The amount of light dispersed is
measured and assessed to give the mean particle
size of suspended liposomes [26].
Nanoparticle tracking analysis
Nanoparticle tracking analysis provides a high
resolution particle size distribution and
concentration analysis of liposomes at a
submicron level. It measures particle size
diameter from 30-1000 nm [27]. Sample to be
analyzed passed through cell which is then
illuminated by laser light. It passes through the
liquid surface. Refraction occurs in region where
liposomes are present and then it can be
visualized [28]. The center of liposomes is
tracked by software, and relation with that
particle size and particle diffusion coefficient is
obtained. Both monodisperse and polydisperse
suspensions can be measured. Zeta potential can
also be measured by detecting their fluorescent
signals [29].

Characterization methods
Size
Measurement of the particle size distribution
and polydispersity index of liposomes provides
information on their physical stability [23].
Maintaining a constant size and size distribution
over a longer time shows liposome stability [24].
Electron microscopy methods
Electron microscopy methods are used to
measure the size of each liposomes with a
micron range [23] They may also be used for the
visualization of liposomes and for the lamellarity
and morphological structure determination.
Cryo-TEM could visualize liposomes directly in a
frozen state.

Flow cytometry
Flow cytometry is a technique used to determine
the size distribution of liposomes. It is also used
to detect the inhomogeneity in their size. It is
based on the principle of light scattering [30].
Here the particles are measured in a continuous
flow system of closed containment. Liposomes to
be fluorescently labeled to distinguish from
other impurities [31]. Particle detection
performed at 10° forward angle scatter and 90°
side angle scatter. Optimization is done to detect
1500 particles per second. It can produce
reliable and reproducible results.

Fluorescence microscopy
Fluorescence
microscopy
measures
the
fluorescent liposome size and lamellarity. This
process evaluate liposomes at a single level of
the particles and can therefore calculate the
polydisperse liposome suspensions distribution
in size. High sensitivity and ease are among the
benefits of fluorescence microscopy.
Atomic force microscopy
It measures size distribution, morphology,
stability, and their aggregation. It also evaluates
surface properties and liposomal rigidity.
Advantage of AFM is to image the samples in
natural environment. It doesn't reflect the true
surface topography [25].

Size exclusion chromatography
The liposomal size distribution with size 500 nm
can be measured by size exclusion
chromatography. In this method, liposomes can
be separated and individually and grouped
together depends upon the particle size of the
liposomes.
Fusion
and
aggregation
characteristics of liposomes can be measured.
Composition of chemicals in gels influence the
interaction of liposomes and retention depends
on shape and size of liposomal composition [32].

Dynamic light-scattering
It is also known as photon correlation
spectroscopy, the dynamic light-scattering
technique is mostly used for the established
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Porosity of the gel is selective for particles from
100 nm to several nm. Change in liposomes
concentration and composition are due to
partition inside the gel column and it causes a
defect in quantitative analysis. It can be coupled
with high performance liquid chromatography
(HPLC). Calibration of column is done to sizing of
liposomes [33].

Concentration of input drug; CL - Concentration
of lipids.
The process starts with removal of free
encapsulated drug from liposomal suspension,
which can be done by different techniques [39].
Mini-column centrifugation is based on the
difference in size of liposomes and free drug.
Sample applies to Sephadex gel column and then
centrifuged. Liposomes are expelled, free drug
gets bound to column. Then, the encapsulation
efficiency is calculated by the lipid bilayer
destruction and process of quantification [40].

Centrifugal sedimentation
Size distribution of liposomes with a diameter
range of 0.015 to 30 nm could be measured by
Centrifugal sedimentation [15]. Based on
principles
of
hydrodynamic
theory,
Sedimentation
velocity
is
quadratically
proportional to the particle diameter [34]. Time
taken by the sample to reach the detector gives
the particle size. Sedimentation velocity of the
sample is calculated, if fluid density, fluid
viscosity and centrifugal acceleration are known
[15]. Under stable conditions, particles sediment
at the bottom layer and enlightened with light
which is used to measure particle size and
concentrations.

Stability of liposomes
Liposomal stability includes physical, chemical,
and biological means, and they are interrelated.
Liposomes shelf life depends on physical
characteristics such as size distribution,
encapsulation
efficiency
and
chemical
characteristics such as phospholipid layer
degradation. Physical stability of preparations is
difficult to maintain after once planned. Change
in size distribution and stability issues because
of degradation are major problems in storage.
The leakage of encapsulated material is because
of membrane permeability.
Addition of antioxidants during manufacturing
can prevent oxidation of chemical structure of
liposomes. Lyophilization can help in prevention
of oxidation and hydrolysis [41]. Lyophilization
without stabilizers can lead to fusion of vesicles,
and hence, cyclo protectants is used .They
protect against the rupture of liposomal
membrane.
New methods and formulation parameters are
required to be optimized to avoid these types of
stability problems [42]. Lyophilization helps to
increase shelf life of liposomal formulations.
Liposomal AmBisome (Amphotericin) is a first
liposomal product supplied as lyophilized
powder [43].

Differential scanning calorimetry
Differential scanning calorimetry is a tool to
study the thermal transition behavior of
liposomes. This method is sensitive to the
liposomal physicochemical properties [35]. Two
methods are widely used to measure excess heat
capacity. The first one uses the heat leak
principle and second works by temperature
increment of the system at a constant rate and
energy needed to attain the same temperature
between sample and reference [36]. The plot of
heat capacity vs temperature used to determine
the transition temperature (Tm). It gives both
qualitative and quantitative data of exothermic
and endothermic reactions takes place in the
sample.
Encapsulation efficiency
Encapsulation efficiency defines the amount of
drug that is encapsulated in the liposomes [37].
The maximum amount of drug could be
encapsulated is called encapsulation capacity
[38]. It can be defined as the ratio of
concentration of drug and concentration of
phospholipids:

Sterilization of liposomes
The approaches to sterility assurance in
parenteral products include final product
sterilization
in
container
and
aseptic
manufacturing. Terminal sterilization is widely
used because of high sterility assurance. For
liposomal products, UV sterilization, gamma
sterilization and filtration are mostly preferred.
Because of sensitivity, physical and chemical
degradation of liposomes may occur if heat
sterilization is used. Filtration sterilization has
limitations because of liposomes smaller than

EC = Ce / (Ci  CL)
where EC - Encapsulation capacity; Ce Concentration of encapsulated drug; Ci -
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200 nm diameter and longer time periods
required for the process which is ineffective for
viruses removal [44,45].

cardiotoxicity, dermal toxicity than free
anticancer drugs [47].
US Foods and Drug Administration (FDA)
approves two liposomal formulations for
commercial use in treatment of Kaposi sarcoma.
Doxil (Doxorubicin) is the FDA approved
liposomal drug and in market since 1995. After
six months, Daunorubicin was approved due to
their mechanical stability in their liposomal bilayered structure [47].

Application of liposomes in cancer therapy
Anticancer drugs have a large cytotoxic effect on
cancer cells and exhibits a decreased anti-tumor
effect in in-vivo clinical treatment procedures.
Low therapeutic index is one of the major
drawbacks of anti-cancer drugs, showing that
the dosage needed to achieve an effect is toxic to
normal tissue cells. This may be due to inability
to achieve increased Therapeutic concentration
at the targeted sites. It may result from nonspecificity to normal tissues such as GI tract,
Cardiac, renal, as well as from inappropriate
formulation of drugs [46].
Most of the liposomal formulations of anticancer
drugs shows reduced toxicity to that of free drug
and find its application in the preclinical stage of
cancer therapy [47]. Encapsulation of drugs in
liposomes is the reason for increased blood
circulation time. Sometimes it may cause an
enhanced deposition in tissues and distribution
is altered. For cancer cells targeting, liposomes
are efficient carrier with minimal toxicity which
shows potential to enter transcapillary passage.
Studies show that liposomes resides in higher
concentration in cancer tissues than normal
tissues [43]. Anthracycline class of drugs works
by stopping the dividing cells growth by
Intercalation into DNA. This drug class is very
toxic. Many research works have directed
towards increasing the safety profile of these
drugs. Encapsulation of drugs results in reduced

CONCLUSION
Magnetic nanoliposomes are a crucial drug
delivery system, suitable for potential use in
targeted and controlled release mechanisms. In
current years, several important liposomal
formulations have been developed for different
diseases. The various preparation and
characterization
techniques
have
been
developed with the advancement of technology.
Magnetic nanoliposomes are the effective
carriers to enhance therapeutic effectiveness of
drugs in terms of duration of action and to
optimize the dosage regimen with higher
efficacy and reduced toxicity. Magnetic
nanoliposomes are the important carriers for
therapeutic efficiency in term of duration of
action, decrease in dose frequency and
delivering drugs at higher efficacy and lower
toxicity. Even though the technological
advancements have led to development in area
of liposome research, there is a need of
improved design and stability optimization, in
addition
to
efficient
production
and
characterization.
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