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Abstract:

Liposomes have attracted great interest as efficient carriers for nutrients, drugs and other bioactive agents as
well as ideal models for biological membranes. This article intends to provide an overview of liposomes and
nanoliposomes definition as well as their properties and preparation methods. Also it elaborates on various
applications of nanoliposomes in nanotherapy including diagnostics, targeted cancer and gene therapy. Finally
structure and function of liposomes and nanoliposomes are compared with other lipidic nanocarriers.
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1. INTRODUCTION
Liposome science and technology are one of the
fastest growing scientific fields due to contributing
to delivery of cosmetics, food and drug, as well
as study the structure and function of biological
membranes and origin of life. The word liposome
has been adopted generally to describe mesomorphic
lipid-water structures, which chemical components
are lipids and/or phospholipids. When phospholipids
such as lecithin are present in water, by sufficient
uptake of energy form a series of closed bilayers
vesicle named liposome (to shield the hydrophobic
groups from the water while still maintaining
contact with the aqueous phase via the hydrophilic
head group). Lipophilic molecules (e.g. cyclosporin
A, vitamin E, Phenytoin) can also be incorporated
into liposomal membranes or may be complexed
with cyclodextrins and subsequently encapsulated
within the liposome aqueous compartment [1]. The

surface charge of liposomes can be neutral, negative
or positive in physiological pH ranges.
According to the number of lamellae, size, and
preparation method, phospholipid vesicles can
be classified into the following groups [2-4]:
SUV: small unilamellar vesicles (20-50 nm);
LUV: large unilamellar vesicles (>560 nm); MLV:
multilamellar vesicles (170-5000 nm); OLV:
oligolamellar vesicles; MUV: medium-unilamellar
vesicles (unilamellar vesicles; >100 nm); GUV:
giant unilamellar vesicles (cell size vesicles with
diameters >1 mm); REV: single or oligolamellar
vesicles made by reverse-phase evaporation; MLVREV: multilamellar vesicles made by the reversephase method; SPLV: stable plurilamellar vesicles;
FATMLV: frozen and thawed MLV; VET: vesicles
prepared by extrusion technique.
Liposomes are especially suitable for gene transfer
in vitro and in vivo due to their low level of toxicity
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and immunogenicity [5-7]. Not only liposomes
serve as unique model membranes and nucleic acid
delivery vehicles, they have been also reported to
be used as delivery systems of enzymes [8], drugs,
hormones, blood factors, antigens, diagnostic
materials, vaccines and cosmetics [9].

nanocarriers for bioactive delivery and diagnostics
as well as targeting strategies and gene therapy. Also
the characterization of anionic liposomes prepared
by the heating method in terms of their entrapment
efficiency will be presented.

For mentioned applications liposomes should have
high encapsulation efficiency, long-term stability
ideal release properties and narrow size distribution.
Only a small number of liposomal products have
been approved for human use so far, due to toxicity
of some formulations, low entrapment efficiency,
instability and high cost of production especially in
scale up [9].

2. NANOLIPOSOME

Several bench scale and a few large scale techniques
have been presented for liposome preparation
giving rise to vesicles of different diameter sizes
(from 20 nm to several microns) and number of
bilayers [10, 11, 1, 3, 4]. However, most of these
techniques are not suitable for the encapsulation
of sensitive substances because of their exposure
to the mechanical stresses (e.g. sonication, high
pressure or shear tension), potentially harmful
chemicals (e.g. organic solvents and detergents) or
change of pH during the preparation. Conventional
liposome preparation techniques were discussed
extensively by Gregoriadis [1, 11] and New [4].
More novel preparation techniques are introduced
with their own advantages and disadvantages. In
liposomes preparation methods emphasis is not
towards assembling the membranes, but towards
getting the membranes to form vesicles with
right size, structure, and efficiency without any
leakage. Mozafari described a new method for fast
production of liposomes without the use of any
hazardous chemical or process has been described.
This method involves the hydration of the liposome
components in an aqueous medium followed by
the heating of these components, in the presence
of glycerol (3% v/v) [12-15]. There are indications
that this heating method simulates the formation of
the early cell membranes under the conditions of
the primordial earth [16].
This review focuses on the potential of
nanotechnology in liposome and nanoliposome
applications, including the recent status of
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The term nanoliposome has recently been introduced
to exclusively refer to nanoscale lipid vesicles [9]
while liposome refer to a lipid vesicles with diameter
range from around 20 nm to several micrometers.
Nanoliposomes possess the same physical,
structural, thermodynamic properties manufacturing
and mechanism of formation as the liposomes
(described above). The underlying mechanism for
the formation of liposomes and nanoliposomes is
basically the hydrophilic–hydrophobic interaction
between phospholipids and water molecules [1719]. Vesicles prepared in nanometric size ranges
may end up becoming micrometric particles upon
storage due to aggregation. However, nanoliposomes
should have sufficient stability to maintain their
sizes and could be defined as ‘bilayer lipid vesicles
possessing and maintaining nanometric size ranges
during storage and application’ [9]. Targeted therapy
can also be achieved efficiently via liposomes
and nanoliposomes employing passive or active
targeting mechanisms [9, 17-19].
Active targeting is achieved by engineering carriers
sensitive to different stimuli (e.g., pH, temperature, light,
etc.) or conjugating the bioactive/carrier system to one
or more targeting ligands such as tissue or cell-specific
molecules. Zhang et al. [20] linked a PEGylated
(treated with polyethylene glycol) liposomes to a
monoclonal antibody for the human insulin receptor
and showed widespread reporter expression in the
brains of rhesus monkeys. Passive targeting uses
the natural course followed by the bioactive–carrier
complex after introduction to the body as the method
of site-specific delivery and release of the bioactive
agent. So it is based on physio-anatomical conditions
of the body and the physicochemical properties of
bioactive–carrier complex. The clearance kinetics
and in vivo biodistribution of carrier systems depend
on the physicochemical factors like size, charge and
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hydrophobicity and can be manipulated to enable
passive targeting.

3. APPLICATIONS OF NANOLIPOSOMES
IN NANOTHERAPY
Bioactive nanocarriers (in general) and drug
delivery (in particular) constitute a significant
domain of nanomedicine. New bioactive materials
require novel delivery technologies to minimize
side effects [21]. The delivery of some bioactives to
special sites in the body and their release behavior
is directly affected by particle size. Nanocarriers
have the potential to increase solubility, enhance
bioavailability, improve time-controlled release
and enable precision targeting of the entrapped
compounds to a greater extent due to more surface
area [22]. As a consequence of improved stability
and targeting, the amount of materials required for a
specific effect when encapsulated in, or incorporated
to, a nanocarrier is much less than the amount
required when unencapsulated. This is particularly
useful when dealing with expensive/rare bioactive
materials. A timely and targeted release improves
the effectiveness of bioactive compounds, broadens
their application range and ensures optimal dosage,
thereby improving cost effectiveness of the product.
In general, reactive or sensitive material, such as
polynucleotides and polypeptides, can be turned
into stable ingredients through encapsulation or
entrapment by nanocarrier systems [22].
Novel nanocarriers can encapsulate certain toxic
materials (e.g. chemotherapy agents) [21] or
new biomacromolecules (e.g. blood proteins and
biovaccines). The success of gene therapy (with
DNA and RNA transfer) depends on the innovative
bioactive delivery methods [23]. The importance
of delivery technology is exemplified by the
presence of more than 300 USA companies which
are involved with developing bioactive delivery
platforms [24]. Micro-carriers can be effective for
bioactive targeting to certain parts of the pulmonary
tract while nano-carriers are more useful in targeted
cancer therapy [25]. Current methods of preparing
nano-/micro-particles are mainly based on the double
emulsion methods or solvent exchange technique

[26]. The main problems with these methods are the
low drug loading capacity, low loading efficiency,
and poor ability to control the size distribution. The
use of nanoliposomes could allow high loading
efficiency and monodisperse size distribution [25].

4. NANOTECHNOLOGY IN BIOACTIVE
DELIVERY
Nanoscience has a profound impact on disease
prevention, diagnosis, and treatment [27-30].
Its applications in medicine include molecular
imaging, diagnosis, bioactive encapsulation and
passive or active targeted delivery. Some of the
current nanocarrier systems are nanoscale size
of conventional systems, such as nanocrystals,
micelles, nanoliposomes and dendrimers [25].
Degradable compounds, such as peptides and
polynucleotides are used in new delivery systems
to protect and improve the pharmacokinetics of
delivery. Also increase bioavailability, improve the
controlled release and enable precision targeting
[31, 32]. Nanocarriers can be applied for pulmonary
therapies [33], as gene delivery vectors [34-36],
and for stabilization of sensitive biomaterials
[37, 38]. They reduce toxicity and increase
efficient distribution of bioactive materials [39].
Nanocarriers help to penetrate or overcome blood
brain barrier, branching pathways of the pulmonary
tract, and the tight epithelial junctions of the skin
[21]. Micelles are under investigation as carrier
vehicles of poorly soluble, hydrophobic bioactives
[40]. Microemulsions have also been investigated
for their potential to serve as a drug carrier vehicle,
since their oil phase can contain a high payload
of hydrophobic drugs [41, 42]. The use of lipidic
carriers with high lipid-phase to water-phase ratio,
such as onion-shaped liposomes in the form of
multilamellar vesicles is another possibility for the
encapsulation and controlled release of lipid soluble
agents.
4.1. Site-specific bioactive delivery
Bioactive targeting of various nanoproducts
is possible via anatomical changes and
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pathophysiological conditions of abnormal
damaged tissues [43, 44]. An ideal targeting
system has long circulation time, is present at
sufficient concentrations at the target site, and
loses its therapeutic activity in circulation [45]. The
increased vascular permeability as well as impaired
lymphatic drainage in tumors offers opportunity
of extravasations of the nanosystems and their
selective localization in the inflamed tissues [4651]. The tendency of nanosystems to localize in the
reticuloendothelial system also presents an excellent
opportunity for passive targeting of therapeutic
agents to the macrophages present in the liver and
spleen in candiasis, leishmaniasis, etc. [52, 53]. The
therapeutic value of many promising bioactives
for the treatment of various neurological disorders
is diminished by the presence of the blood-brain
barrier [54, 55]. Nanoparticles can be effectively
used to deliver relevant therapeutics to the brain
[56, 57] and leads to a more selective delivery to
improve therapeutic efficacy and reduces toxicity
[58-61]. Visser et al. [62] studied targeting of
pegylated liposomes loaded with horseradish
peroxidase and tagged with transferrin to the
blood-brain barrier in vitro. The results showed the
effective targeting of liposomes loaded with protein
or peptide drugs to the brain capillary endothelial
cells. Enhanced uptake efficiency has also been
shown for gastrointestinal absorption [63, 64] and
transcutaneous permeation [65], with particles
around 100 nm and 50 nm in size, respectively. Also
biodegradable nanoparticles of gelatin and human
serum albumin show promise for bioactive delivery
to the lungs [66]. Skin acts as a key target as well
as a principle barrier for topical/transdermal (TT)
bioactive delivery. This drug administration avoids
the hepatic first pass effect, provides continuous
drug delivery, decreases side effects and improves
patient compliance [67]. A major obstacle in TT
delivery is low percutaneous penetration [68].
Several approaches have been used to weaken skin
barrier and improve TT delivery [69, 70, 30]. The
nanotechnological approaches offer application of
elastic vesicles and ethosomes in nanoscale size
[70-72] detect the effect of nanoliposomes (ca.
200 nm average size) in the protection of stratum
corneum (SC) against a nonionic surfactant. The
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imaging technique enabled visualization of native
and treated SC (incubated with nanoliposomes and
octyl glucoside) without causing damage to the
SC during sample preparation for the microscopic
investigations [72].
4.2. Nanotechnology in polynucleotide delivery
A new class of bioactive therapeutic agents are
based on the polynucleotides which have the
potential to offer healing of human (and animal)
diseases at their cause rather than only treating their
symptoms [18]. Polynucleotide-based therapeutics
includes antisense, antigene oligonucleotides,
ribozymes, DNAzymes, DNA and RNA aptamers
and small interfering RNA (siRNA) [73, 36, 74,
75]. Although nucleic acid drugs are in the early
stages of clinical trials, they can be considered as
promising therapeutic agents for therapy of diseases
such as hereditary disorders, cancer, neurological
and cardiovascular disorders, AIDS and other viral
infections [18, 74, 75].
Since 1980, more than 400 clinical studies in gene
therapy have been reported [76]. Delivery vectors
are used in gene transfer because of limited ability
of naked DNA transfer to cells due to susceptibility
to enzymatic degradation. Cationic liposomes and
nanoliposomes are the most used nonviral vectors
frequently applied in human gene therapy [77-79].
The ability of them to mediate transfection was
attributed to spontaneous electrostatic interaction
between them and negatively charged DNA
molecules that ensures an efficient condensation
of the polynucleotides. Modification of the lipid
composition causes an appropriate charge of
liposome–polynucleotide complex to increase
possibility of cellular uptake. Proposed mechanism
of oligonucleotide uptakes from cationic liposomes
are fusion and endocytosis [80]. An effective in vivo
gene transfer can be achieved by improving the
biological and the physicochemical properties of the
liposomes/DNA complex. Application of anionic
nanoliposomes as polynucleotide delivery vehicles
has been extended because of the toxicity and some
other complications associated with the cationic
agents [18, 35, 36]. A method of incorporating
polynucleotides to anionic liposomes mediated by
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divalent cations has been reported by Mozafari et
al since 1994 [81-85, 35]. This group studied the
structure of the ternary complexes of liposome–
Ca2+–DNA morphologically using scanning probe
and other microscopes [83, 85]. In addition, the
mechanism of calcium-induced DNA interaction
with liposomes containing zwitterionic lipids, as well
as those containing anionic lipids, has been studied
using light scattering [84] and different microscopic
techniques [83, 85]. The problems of toxicity and
scale-up have been addressed by a new technique,
called the heating method, [18, 35], in which no
potentially toxic solvent or deleterious procedure
is involved. Application of nonviral nanoparticles
(usually 50–500 nm in size) for transfection of
plasmid DNA has been reviewed [53] with emphasis
on replacement of viral vectors by potentially less
immunogenic nanosize polynucleotide carriers.

A lipidic carrier can encapsulate a compound and
inhibit its degradation from free radicals, metal ions,
pH and enzymes [86]. They can accommodate water
and lipid soluble agents, providing a synergistic
effect [87]. Another property of lipid-based
nanocarriers is the targeted delivery both in vivo and
in vitro conditions via active (e.g., by incorporation
of antibodies) and passive (e.g., targeting based on
the particle size) mechanisms [9]. The main lipidbased nanoencapsulation systems that can be used
for the protection and delivery of various bioactive
materials are explained below.

core lipids (polar head groups removed) of archaea
consist of archaeols (usually 20 carbons per chain)
and caldarchaeols (40 carbons per chain), wherein
the regularly branched, 5-carbon repeating units
forming the isoprenoid chains are attached via ether
bonds at the sn-2,3 position of the glycerol carbons.
In contrast to this, the core lipids found in bacteria
and eucarya consist of unbranched unsaturated
fatty acyl chains, attached via ester bonds to the
sn-1,2 glycerol carbons. The polar moieties are
similar to those (phospho, glyco, polyol, amino,
hydroxyl groups) encountered in ester lipids, but
phosphatidylcholine is rarely present in archaeal
lipids [89, 88]. Although archaeosomes are a recent
technology, they have already proven to be a safe
delivery system for bioactive agents including drugs
and vaccines [90]. Archaeosomes prepared from the
total polar lipid extract or from individual purified
polar lipids show promise as adjuvants that promote
strong humoral and cytotoxic T-cell responses to
encapsulated soluble antigens. As is the case with
liposomes, it is possible to incorporate ligands
such as polymers to archaeosomes. Incorporation
of polyethyleneglycol and coenzyme Q10 into
archaeosomes improve the tissue distribution
profiles of intravenously administered vesicles
[91]. It has recently been reported that intravenous
and oral delivery of nano archaeosomes to an
animal model was well tolerated with no apparent
toxicity [92]. The results of these studies are very
promising for the utilization of archaeosomes in the
encapsulation and delivery of different bioactive
compounds.

5.1. Archaeosomes and nano archaeosomes

5. 2. Cochleates and nanocochleates

Archaeosomes are liposomes made from one or
more of the polar ether lipids extracted from the
domain Archaea (Archaeobacteria) whose native
environments include high salt concentrations,
low pH values or high temperatures. Compared
with liposomes (which are made from ester
phospholipids), archaeosomes are relatively more
thermostable, and more resistant to oxidation and
chemical and enzymatical hydrolysis. They are also
more resistant to low pH and bile salts that would
be encountered in the gastrointestinal tract [88]. The

Cochleates are small lipid-based carriers consist
of a negatively charged lipid and a divalent cation.
They have a cigar-shaped multilayered structure
comprised of continuous, solid, lipid bilayer sheet
rolled up in a spiral shape with little or no internal
aqueous space. All hydrophobic, amphiphilic,
negative or positive charged molecules can be
delivered by cochleates and nanocochleates.
Also they have been used to deliver peptides,
proteins and DNA for vaccine and gene therapy
and are able to cover unpleasant taste and smell

5. OTHER NANOLIPIDIC CARRIERS
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of bioactive material intended for oral delivery
[22]. Due to their nanometric size, stability and
resistance to degradation in the gastrointestinal
tract, nanocochleates have revealed great potential
to deliver bioactive agents both orally and
parenterally. Cochleates containing amphotericin
B (AmB) are now in development for the oral
and parenteral treatment of fungal infections. The
unique structure and properties of cochleates make
them an ideal candidate for oral and systemic
delivery of sensitive materials including peptide
and nucleic acid drugs.

REFERENCES
1.

Gregoriadis, G. 1984. Liposome Technology.
Vol. 1, Preparation of Liposomes, CRC press,
Boca Raton, Florida.

2.

Mayer, L. D. Baly, M. B. Hope K. J. and Cullis,
P.R., 1986. Techniques for encapsulating
bioactive agents into liposomes, Chem. Phys.
Lipids 40, 333–345.

3.

Lichtenberg, D. and Barenholz, Y. 1988.
Liposomes: preparation, characterization and
preservation. Methods Biochem. Anal. 33,
337-462.

4.

New, R.R.C. 1990. Liposomes A Practical
Approach, IRL/Oxford University Press,
Oxford, UK.

5.

Sporlein, B., Koop, H. U., 1991. Lipofectin:
direct gene transfer to highly plants using
cationic liposomes. Theor. Appl. Genet.,
83:1.

6.

Singhal, A., Huang, L. 1994. Gene transfer in
mammalian cells using liposomes as carriers.
In Wolff JA, ed. Gene Therapeutics, Methods
and Applications of Direct Gene Transfer.
Boston, Birkhüser, 118–142.

7.

Hofland, H. and Huang, L. 1995. Inhibition of
human ovarian carcinoma cell proliferation by
liposome–plasmid DNA complex, Biochem.
Biophys. Res. Commun. 207, 492–496.

8.

Ohsawa, T., Miura, H. and Harada, K. 1985.
Evaluation of a new liposome preparation
technique, the freeze-thawing method, using
l-asparaginase as a model drug, Chem. Par.
Bull. 33, 2916-2923.

9.

Mozafari, M. R. and Mortazavi, S. M. 2005.
Nanoliposomes: From Fundamentals to
Recent Developments. Trafford Publishing
Ltd, Oxford, UK. ISBN 1-4120-5545-8.

10.

Basu, S. C. and Basu, M. 2002. Methods in
molecular biology: liposomes methods and
protocols, Humana Press Inc., Totowa, NJ.

6. CONCLUSIONS
Nanostructured delivery systems are promising
candidates enable to an efficient and targeted
delivery of novel bioactive compounds. Lipidbased carrier systems, including liposomes and
nanoliposomes, are among the most promising
encapsulation technologies employed in the rapidly
developing field of nanotechnology. Compared
with other encapsulation strategies, such as
chitosan and alginate-based carriers, lipid based
nanoencapsulation systems have some unparalleled
advantages, including the ability to entrap material
with different solubilities, the feasibility of scale
up production and target ability. Several liposomederived bioactive delivery systems provide a choice
of optimized encapsulation and delivery for various
applications including systemic and transdermal
delivery as well as the choice of short or long-term
release. The commercialization of these delivery
systems is progressing, as is the development of
their preparation methods. Safe and reproducible
manufacture of these carriers on industrial scales
is now possible. The development of liposomes
and their associated products, for pharmaceutical,
cosmetics and food industries, continues to be
pursued actively by a number of groups globally.
Accordingly, it is reasonable to project that this field
will experience steady growth for the foreseeable
future.

8

Khosravi-Darani and Mozafari

11.

Gregoriadis, G. 1993. Liposome Technology,
Vol. 1, Liposome Preparation and Related
Techniques, 2nd edition, CRC press, Boca
Raton, Florida.

12.

Mozafari, M. R., Reed, C. J. and Rostron, C.
2002a. Development of non-toxic liposomal
formulations for gene and drug delivery to the
lung. Technol. Health Care 10, 342-344.

13.

Mozafari, M. R., Reed, C. J., Rostron, C.,
Kocum, C. and Piskin, E. 2002b. Construction
of stable anionic liposome-plasmid particles
using the heating method: A preliminary
investigation. Cell. Mol. Biol. Lett. 7, 923927.

14.

15.

16.

Mozafari, M. R., Reed, C. J., Rostron, C.,
Kocum, C., Piskin, E., 2002c. Formation
and characterisation of non-toxic anionic
liposomes for delivery of therapeutic agents
to the pulmonary airways. Cell Mol. Biol.
Lett. 7, 243–244.
Mozafari, M. R., Reed, C. J., Rostron, C. and
Martin, D.S. 2004b. Transfection of human
airway epithelial cells using a lipid-based
vector prepared by the heating method. J.
Aerosol Med. 17, 100.
Mozafari, M. R., Reed, C. J. and Rostron, C.
2004a. Formation of the initial cell membranes
under primordial earth conditions. Cell. Mol.
Biol. Lett. 9, 97-99.

20.

Zhang, Y., Schlachetzki, F., Li, J. Y., Boado,
R. J., Pardridge,W. M., 2003. Organspecific
gene expression in the rhesus monkey eye
following intravenous nonviral gene transfer.
Mol. Vis. 9, 465–472.

21.

Hughes, G. A., 2005. Nanostructure-mediated
drug delivery. Nanomed. Nanotech. Biol.
Med. 1, 22–30.

22.

Mozafari, M. R., 2006. Bioactive entrapment
and targeting using nanocarrier technologies:
an introduction. In: Mozafari, M. R. (Ed.),
Nanocarrier Technologies: Frontiers of
Nanotherapy. Springer, Netherlands, 1–16.

23.

El-Aneed, A., 2004. An overview of current
delivery systems in cancer gene therapy. J.
Control. Release 94, 1–14.

24.

D’Aquino, R., 2004. Good drug therapy: it’s
not just the molecule-it’s the delivery. CEP
Magazine 100, 15S–17S.

25.

Park, K., 2007. Nanotechnology: What it can
do for drug delivery. J. Control. Release 120,
1-3.

26.

Freitas, S., Merkle, H. P., Gander, B., 2005.
Microencapsulation by solvent extraction/
evaporation: reviewing the state of the art of
microsphere preparation process technology.
J. Control. Release 102, 313–332.

27.

Cheng, M. M., Cuda, G., Bunimovich, Y. L.,
Gaspari, M., Heath, J. R., Hill, H. D., 2006.
Nanotechnologies for biomolecular detection
and medical diagnostics. Curr. Opin. Chem.
Biol. 10, 11–19.

17.

Mozafari, M. R. 2005. Liposomes: an
overview of manufacturing techniques, Cel.
Mol. Bio. Let, 10, 711–719.

18.

Mozafari, M. R., Reed, C. J., Rostron, C.,
Hasirci, V., 2005a. Construction of a gene
delivery vector using anionic liposomes. In:
Mozafari, M. R., Mortazavi, S.M. (Eds.),
Nanoliposomes: From Fundamentals to
Recent Developments. Trafford Publishing
Ltd., Oxford, UK, pp. 101–111.

28. Emerich, D. F., 2005. Nanomedicine—
prospective therapeutic and diagnostic
applications. Expert Opin. Biol. Ther. 5, 1–5.
29.

Sahoo, S. K., Labhasetwar, V., 2003. Nanotech.
approaches to drug delivery and imaging.
Drug Discov. Today 8, 1112–1120.

Mozafari, M. R., Reed, C. J., Rostron, C.,
Hasirci, V., 2005b. A review of scanning probe
microscopy investigations of liposome–DNA
complexes. J. Liposome Res. 15, 93–107.

30.

Williams, A. C., Barry, B. W., 2004. Penetration
enhancers. Adv. Drug Del. Rev. 56, 603–618.

31.

Dass, C. R., Su, T., 2001. Particle-mediated
intravascular delivery of oligonucleotides to

19.

International Journal of Nanoscience and Nanotechnology

9

tumors: associated biology and lessons from
genotherapy. Drug Deliv. 8, 191–213.
32. Dubin, C. H., 2004. Special delivery:
pharmaceutical companies aim to target
their drugs with nano precision. Mech. Eng.
Nanotechnol. 126 (Suppl), 10–12.
33.

Courrier, H. M., Butz, N., Vandamme, T. F.,
2002. Pulmonary drug delivery systems:
recent developments and prospects. Crit. Rev.
Ther. Drug Carrier Syst. 19, 425–498.

34.

Senior, K., 1998. Nano-dumpling with drug
delivery potential. Mol. Med. Today 4, 321.

35.

Mortazavi, S. M., Mohammadabadi, M. R.,
Khosravi-Darani, K., Mozafari, M. R., 2007a.
Preparation of liposomal gene therapy vectors
by a scalable method without using volatile
solvents or detergents. J. Biotechnol. 129,
604–613.

36.

Mozafari. R. and Khosravi-Darani, K.,
2007. An Overview of Liposome-Derived
Nanocarrier Technologies, In “Nanomaterials
and Nanosystems for Biomedical Applications”
Mozafari, M. Reza (Ed.), Springer.

37.

LaVan, D. A., Lynn, D. M., Langer, R., 2002.
Moving smaller in drug discovery and delivery.
Nat. Rev. Drug Discov. 1, 77–84.

38.

LaVan, D. A., McGuire, T., Langer, R., 2003.
Small-scale systems for in vivo drug delivery.
Nat. Biotechnol. 21, 1184–1191.

39.

Ravi Kumar, M. N., 2000. Nano and
microparticles as controlled drug delivery
devices. J. Pharm. Pharm. Sci. 3, 234–258.

40.

Torchilin, V. P., 2004. Targeted polymeric
micelles for delivery of poorly soluble drugs.
Cell. Mol. Life Sci. 61, 2549–2559.

41.

Bagwe, R. P., Kanicky, J. R., Palla, B. J.,
Patanjali, P. K., Shah, D. O., 2001. Improved
drug delivery using microemulsions: rationale,
recent progress and new horizons. Crit. Rev.
Ther. Drug Carrier Syst. 18, 77–140.

42.

10

Lawrence,
M. J., Rees, G. D., 2000.
Microemulsion-based media as novel drug

delivery systems. Adv. Drug Deliv. Rev. 45,
89–121.
43.

Vasir, J. K., Labhasetwar, V., 2005. Targeted
drug delivery in cancer therapy. Technol.
Cancer Res. Treat. 4, 363–374.

44.

Vasir, J. K., Reddy, M. K., Labhasetwar,
V., 2005. Nanosystems in drug targeting:
opportunities and challenges. Curr. Nanosci.
1, 47–64.

45.

Sahoo, S. K., Parveen, S., Panda, J. J., 2007.
The present and future of nanotechnology in
human health care. Nanomed. Nanotech. Biol.
Med.3, 20-31.

46.

Allen, T. M., Cullis, P. R., 2004. Drug delivery
systems: entering the mainstream. Science
303, 1818–1822.

47.

Hashizume, H., Baluk, P., Morikawa, S.,
McLean, J. W., Thurston, G., Roberge, S.,
Jain, R. K., McDonald, D. M., 2000. Openings
between defective endothelial cells explain
tumor vessel leakiness. Am. J. Pathol. 156,
1363–1380.

48.

Hobbs, S. K., Monsky, W. L., Yuan, F.,
Roberts, W. G., Griffith, L., Torchilin, V. P.,
Jain, R. K., 1998. Regulation of transport
pathways in tumor vessels: Role of tumor type
and microenvironment. Proc. Nat. Acad. Sci.
U.S.A. 95, 4607–4612.

49.

McDonald, D.
M., Baluk, P., 2002.
Significance of blood vessel leakiness in
cancer. Cancer Res. 62, 5381–5385.

50.

Maeda, H., Wu, J., Sawa, T., Matsumura, Y.,
Hori, K., 2000. Tumor vascular permeability
and the EPR effect in macromolecular
therapeutics: a review. J. Control. Release 65,
271–284.

51.

Matsumura, Y., Maeda, H., 1986. A new
concept for macromolecular therapeutics
in cancer chemotherapy: mechanism of
tumoritropic accumulation of proteins and
the anti-tumor agent smancs. Cancer Res. 46,
6387–6392.

Khosravi-Darani and Mozafari

52.

Daemen, T., Hofstede, G., Ten Kate, M. T.,
Bakker-Woudenberg, I. A., Scherphof, G.
L., 1995. Liposomal doxorubicin-induced
toxicity: depletion and impairment of
phagocytic activity of liver macrophages. Int.
J. Cancer 61 (5), 716–721.

53.

Davis, H. L., 1997a. Plasmid DNA expression
systems for the purpose of immunization.
Curr. Opin. Biotech. 8, 635–646.

54.

Calvo, P., Gouritin, B., Chacun, H., Desmaele,
D., D’Angelo, J., Noel, J. P., 2001. Longcirculating PEGylated polycyanoacrylate
nanoparticles as new drug carrier for brain
delivery. Pharm. Res. 18, 1157–1166.

55.

Pardridge, W. M., 1999. Vector-mediated
drug delivery to the brain. Adv. Drug Deliv.
Rev. 36, 299–321.

56.

Alyautdin, R. N., Tezikov, E. B., Ramge, P.,
Kharkevich, D. A., Begley, D. J., Kreuter, J.,
1998. Significant entry of tubocurarine into
the brain of rats by adsorption to polysorbate
80-coated polybutylcyanoacrylate nanoparticles: an in situ brain perfusion study. J.
Microencapsul. 15, 67–74.

57.

Garcia-Garcia, E., Gil, S., Andrieux, K.,
2005. A relevant in vitro rat model for the
evaluation of blood-brain barrier translocation
of nanoparticles. Cell. Mol. Life Sci. 62,
1400–1408.

58.

de Kozak, Y., Andrieux, K., Villarroya, H.,
Klein, C., Thillaye-Goldenberg, B., Naud, M.
C., 2004. Intraocular injection of tamoxifenloaded nanoparticles: a new treatment of
experimental autoimmune uveoretinitis. Eur.
J. Immunol. 34, 3702–3712.

59.

60.

Adele Kim, Eun Hye Lee, Sung-Hee Choi,
Chong-Kook Kim, In vitro and in vivo transfection efficiency of a novel ultradeformable
cationic liposome Biomaterials, Volume 25,
Issue 2, 2004, Pages 305-313.
Feng, S. S., Mu, L., Win, K. Y., 2004.
Nanoparticles of biodegradable polymers for
clinical administration of paclitaxel. Curr.
Med. Chem. 11, 413–424.

61.

Kattan, J., Droz, J. P., Couvreur, P., 1992.
Phase I clinical trial and pharmacokinetic
evaluation of doxorubicin carried by
polyisohexylcyanoacrylate
nanoparticles.
Invest. New Drugs 10, 191–199.

62.

Visser, C. C., Stevanovic, S., Voorwinden,
L. H., Bloois, L. V., Gaillard, P. J., Danhof,
M., Crommelin, D. J. A., Boer, A. G., 2005.
Targeting liposomes with protein drugs to the
blood–brain barrier in vitro. Eur. J. Pharm.
Sci. 25, 299–305.

63.

Desai, M.P., 1996. Gastrointestinal uptake
of biodegradable microparticles: effect of
particle size. Pharm. Res. 13, 1838–1845.

64.

Hussain, N., Jaitley, V., Florence, A. T.,
2001. Recent advances in the understanding
of uptake of microparticulates across the
gastrointestinal lymphatics. Adv. Drug Deliv.
Rev. 50, 107–142.

65.

Kohli, A. K., Alpar, H. O., 2004. Potential use
of nanoparticles for transcutaneous vaccine
delivery: effect of particle size and charge.
Int. J. Pharm. 275, 13–17.

66.

Brzoska, M., Langer, K., Coester, C., Loitsch,
S.,Wagner, T.O.F., Mallinckrodt, C. V., 2004.
Incorporation of biodegradable nanoparticles
into human airway epithelial cells-in vitro
study of the suitability as a vehicle for drug or
gene delivery in pulmonary diseases. Biochem.
Biophys. Res. Commun. 318, 562–570.

67.

Barry, B. W., 2001. Novel mechanisms and
devices to enable successful transdermal drug
delivery. Eur. J. Pharm. Sci. 14, 101–114.

68.

Schurer, N. Y., Elias, P. M., 1991. The
biochemistry and function of stratum corneum
lipids. Adv. Lipid Res. 24, 27-56.

69.

Choi, M. J., Maibach, H. I., 2005. Elastic
vesicles as topical/transdermal drug delivery
systems. Int. J. Cosmet. Sci. 27, 211–221.

70.

Elsayed, M.M.A., Abdallah, O.Y., Naggar,
V. F., Khalafallah, N. M., 2006. Deformable
liposomes and ethosomes: Mechanism of
enhanced skin delivery. Int. J. Pharm. 322,
60–66.

International Journal of Nanoscience and Nanotechnology

11

71.

Lopez-Pinto, J. M., Gonzalez-Rodriguez, M.
L., Rabasco, A. M., 2005. Effect of cholesterol
and ethanol on dermal delivery from DPPC
liposomes. Int. J. Pharm. 298, 1–12.

72.

Lopez, O., Cocera, M., Walther, P., Wehrli,
E., Coderch, L., Parra, J. L., de la Maza,
A., 2001. Liposomes as protective agents
of stratum corneum against octyl glucoside:
a study based on high-resolution, lowtemperature scanning electron microscopy.
Micron 32, 201–205.

81.

Kahveci, G., Mozafari, M. R., Rouhvand,
F., Altay, G., Zhdanov, R. I., 1994.
Proceedings of the 12th Nat. Cong.
Biochem. Istanbul, Importance of nucleic
acid-lipid interactions in functioning of the
initial cell C-338.

82.

Zhdanov, R. I., Volkova, L. A., Artemova, L.
G., Rodin, V. V., 1994. Lipid spin labeling
and n.m.r. study of the interaction between
polyadenylic acid:-polyuridilic acid duplex
and egg phosphatidylcholine vesicles.
Evidence for involvement of surface groups
of bilayer, phosphoryl groups and bivalent
metal cations. Appl. Magn. Res. 7, 131–
145.

83.

Zareie, M. H., Mozafari, M. R., Hasirci,
V., Piskin, E., 1997. Scanning tunnelling
microscopy investigation of liposome–DNA–
Ca2+ complexes. J. Liposome Res. 7, 491–
502.

73.

Crooke, S. T., 1998. An overview of progress
in antisense therapeutics. Antisense Nucl.
Acid Drug Dev. 8, 115–122.

74.

Stull, R. A., Szoka Jr, F. C., 1995. Antigene,
ribozyme and aptamer nucleic acid drugs:
progress and prospects. Pharm. Res. 12, 465–
483.

75.

Ulrich, K. E., Cannizzaro, S. M., Langer, R. S.,
Shakeshelf, K. M., 1999. Polymeric systems
for controlled drug release. Chem. Rev. 99,
3181–3198.

84.

Ruozi, B., Tosi, G., Leo, E., Vandelli, M. A.,
2007. Application of atomic force microscopy
to characterize liposomes as drug and gene
carriers. Talanta 73, 12–22.

Mozafari, M. R., Hasirci, V., 1998. Mechanism
of calcium ion induced multilamellar vesicleDNA interaction. J. Microencapsul. 15, 55–
65.

85.

Audouy, S. A., de Leij, L. F., Hoekstra, D.,
Molema, G., 2002. In vivo characteristics
of cationic liposomes as delivery vectors for
gene therapy. Pharm. Res. 19, 1599–1605.

Mozafari, M. R., Zareie, M. H., Piskin, E.,
Hasirci, V., 1998. Formation of supramolecular
structures by negatively charged liposomes
in the presence of nucleic acids and divalent
cations. Drug Deliv. 5, 135–141.

86.

Eastman, S. J., Scheule, R. K., 1999. Cationic
lipid: pDNA complexes for the treatment of
cystic fibrosis. Curr. Opin. Mol. Ther. 1, 186–
196.

Gouin, S., 2004. Micro-encapsulation:
industrial appraisal of existing technologies
and trends. Trends Food Sci. Technol. 15,
330–347.

87.

Suntres, Z. E., Shek, P. N., 1996. Alleviation of
paraquat-induced lung injury by pretreatment
with bifunctional liposomes containing
a-tocopherol and glutathione. Biochem.
Pharmacol. 52, 1515-1520.

88.

Patel, G. B., Chen, W., 2006. Archaeosomes
as drug and vaccine nanodelivery systems.
In: Mozafari, M. R. (Ed.), Nanocarrier
Technologies: Frontiers of Nanotherapy.
Springer, The Netherlands, pp. 17–40.

76.

77.

78.

79.

Igarashi, S., Hattori, Y., Maitani, Y., 2006.
Biosurfactant MEL-A enhances cellular
association and gene transfection by cationic
liposome. J. Control. Release 112, 362–368.

80.

de Lima, M.C.P., Simoes, S., Pires, P., Faneca,
H., Duzgunes, N., 2001. Cationic lipid–DNA
complexes in gene delivery: from biophysics
to biological applications. Adv. Drug Del.
Rev. 47, 277–294.

12

Khosravi-Darani and Mozafari

89.

Mozafari, M. R., Flanagan, J., Matia-Merino,
L., Awati, A., Omri, A., Suntres, Z. E., Singh,
H., 2006. Recent trends in the lipid-based
nanoencapsulation of antioxidants and their
role in foods. J. Sci. Food Agric. 86, 20382045.

91.

Omri, A., Makabi-Panzu, B., Agnew, B. J.,
Sprott, G. D., Patel, G. B., 2000. Influence
of coenzyme Q10 on tissue distribution of
archaeosomes and pegylated archaeosomes
administered to mice by oral and intravenous
routes. J. Drug Target. 7, 383–392.

90.

Patel, G. B., Agnew, B. J., Deschatelets,
L., Fleming, L. P., Sprott, G. D., 2000. In
vitro assessment of archaeosome stability
for developing oral delivery systems. Int. J.
Pharm. 194, 39–49.

92.

Omri, A., Agnew, B. J., Patel, G. B., 2003.
Short-term repeated-dose toxicity profile
of archaeosomes administered to mice via
intravenous and oral routes. Int. J. Toxicol. 22,
9–23.

International Journal of Nanoscience and Nanotechnology

13

