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Abstract

Malaria is considered as complicated disease due to its variation in epidemiology and clinical symptoms in different part of the world. The
Plasmodium parasite was found to be resistance to several antimalarial drugs over a period of time and such drug resistance has emerged as one of the
greatest challenges facing the control of malaria today. One possible solution to the problems associated with anti-malarial pharmaceutical is the use
of nanomaterials such as liposomes. Liposomes improve the therapeutic efficacy by enhancing drug absorption while avoiding or minimizing rapid
degradation and side effects, prolonging the biological half-life and reducing toxicity. The unique feature of liposomes is that they are biocompatible and
biodegradable lipids and are inert and non-immunogenic. Liposomes can compartmentalize and solubilize both hydrophilic and hydrophobic materials.
All these properties of liposomes and their flexibility for surface modification to add targeting moieties make liposomes more attractive candidates
for use as effective drug delivery vehicles which could have potential for malaria eradication. This paper reviews the application of liposomes in the

treatment of Plasmodium parasite.
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Introduction

Malaria remains as one of the most important disease of public
health concern in countries where transmission of the disease
occurs regularly [1]. Malaria is considered as complicated disease
due to its variation in epidemiology and clinical symptoms in
different part of the world. Five species of the genus Plasmodium
are found to affect human. According to Olliaro [2], the 5 species
include P, falciparum, P. malariae, P. vivax, P. ovale and P. knowlesi.
Malaria is a vector borne disease in which the Plasmodium
parasites are transmitted to human through the bite of infected
female anopheles’ mosquito [3]. The malaria continues to be a
major threat to the world. In 2011, there is an estimation of more
than 3.3 billion people who are at risk of malaria and most of them
are associated to sub Saharan Africa [4]. According to World Health
Organization (WHO), there are over 200 million cases of malaria
annually in which 80% of the cases and about 90% of malaria
death cases were estimated to occur in African region. The report
concluded that children of less than 5 years of age and pregnant
women are affected most [5]. The Plasmodium parasite was found
to be resistance to several antimalarian drugs over a period of
time and such drug resistance has emerged as one of the greatest
challenges facing the control of malaria today [2].

Additionally, contributing to the high incidence of infection,
malaria parasites are becoming resistant to the current proposed

drugs (chloroquine, pyrimethamine, aretesunate, sulfadoxine,
etc.). Therefore, the development of a new and effective
antimalarial agent is needed. The World Health Organization has
recommended a combination of anti-malarials and aretesunate
to treat uncomplicated malaria cases. An endemic is possible if
malaria builds resistance to these drug combinations [4-6]. One
possible solution to the problems associated with anti-malarial
pharmaceutical is the use of nanomaterials. The use of colloidal drug
carriers (liposomes and micro/nanoparticles) provide versatility in
site specific or targeted drug delivery along with controlled optimal
drug release [7,8]. Nanoparticles have added advantages over
micro-particles such as bioavailability, the ability to improve drug
encapsulation, pharmacokinetics, and therapeutic therapy [9].

Nanotechnology is the study of extremely small structures.
The prefix ‘nano’ refers to a very small or miniature size [10].
Using nanotechnology, individual atoms, molecules or compound
can be treated into structure to produce materials and devices
with special properties [10]. Nanotechnology is being applied
extensively to provide targeted drug therapy, diagnostics, tissue
regeneration, cell culture, biosensors and other tools in the field
of molecular biology [10]. Through nanotechnology, various flat
forms like nanotubes, liposomes, fullers, nanopores, quantum dots,
magnetic nanoprobes and radio-controlled nanoparticles are being
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developed [10]. Nanomaterials may be strategically advantageous
as active antibacterial groups since their surface area is exceedingly
large relative to their size. Nanosized particles are very effective
and may provide high activity although only a small dose of the
particles is used [11]. Liposomes are microscopic structures made
up of one or more concentric spheres of lipid bilayers enclosing
aqueous compartments which are extensively used for controlled
delivery drug formulations [11].

Liposomes

Liposomes are small and artificial spherical shape vesicles
that can be created from natural non-toxic phospholipids and
cholesterol. Due to their size and hydrophilic and hydrophobic
characters in addition to biocompatibility, the liposomes are
considered as promising systems for drugs delivery [12].
Liposomes properties differ considerably with surface charge,
lipid composition, sizes and general method of preparation [13].
Furthermore, the choice of bilayer components determined the
‘fluidity’ or ‘rigidity’ and the charge of the bilayer [14]. For example,
unsaturated phosphatidylcholine species from natural sources
such as egg or soybeans give much more permeable and less stable
bilayers, whereas the saturated phospholipid with long acyl chains
(for example, dipalmitoylphos phatidylcholine) form a rigid, rather
impermeable bilayer structure [12-15]. It has been displayed that
phospholipids impulsively form closed structures when they are
hydrated in aqueous solutions. Such vesicles which have one or more
phospholipid bilayer membranes can transport lipid or aqueous

drugs, depending on the nature of the drugs [16]. Because lipids
are amphipathic (both hydrophobic and hydrophilic) in aqueous
media, their thermodynamic phase properties and self-assembling
characteristics influence entropically focused confiscation of their
hydrophobic sections into spherical bilayers. Those layers are
called lamellae [16].

Generally, liposomes are definite as spherical vesicles with
particle sizes ranging from 30 nm to several micrometers. They
consist of one or more lipid bilayers surrounding aqueous units,
where the polar head groups are oriented in the pathway of the
interior and exterior aqueous phases [17].Liposomesare extensively
used as carriers for numerous molecules in pharmaceutical and
cosmetic industries. Additionally, food and farming industries
have extensively studied the uses of liposomes encapsulation to
grow delivery system that can entrap unstable compound such
as antioxidant, antimicrobials, flavors and bioactive elements and
as well shield their functionality [17]. Liposomes can trap both
hydrophilic and hydrophobic compound, avoid decomposition
of the entrapped combinations, and release the entrapped at
designated targets [18-20]. Because of their biodegradability, low
toxicity biocompatibility and aptitude to trap both hydrophilic
and lipophilic drugs [21] and simplify site specific drug delivery
to tumor tissue [22], liposomes have increased rate both as an
investigational system and commercially as a drug-delivery system
(Figure 1). Many studies have been conducted on liposomes with
the aim decreasing drug toxicity and targeting specific cells [23-25].

Hydrophilic head

Agqueous
solution

Hydrophobic tail

Figure 1: Structure of liposomes [26].

Liposomes as nanocarrier for antimalarial drugs

Liposomes are synthetic structures that consisted of several
hundred nanometers in diameter containing one or several
phospholipid bilayers enclosing an aqueous core [26,27]. The
concept of utilizing liposomes as vehicle for drug delivery system
was introduce in 1970s and more recently the use of liposomes
nanocarriers has been extended to immunological adjuvants and as
delivery vehicles for vaccine especially to specific target cells [28].
Both lipophilic and hydrophilic particles can be incorporated into
liposomes and delivered to target sites within the host organism.

Hydrophilic particles including peptides, proteins and nucleic acid
can be entrapped within the inner aqueous phase while lipophilic
drugs such as adjuvants and lipopeptides can be incorporated
onto the outer phospholipid layer. Liposomes are immunologically
advantageous due to their targeting and uptake by professional
antigen presenting cells, and additionally antigens, adjuvants and
antibodies can be attached to the outer surface of liposomes to
facilitate delivery into infected cells [28]. Optimal combinations of
antigens, antibodies and adjuvants give liposomes plasticity and
allow the opportunity for optimization of different drug regimens.
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Liposomes have shown significant effect as nanocarrier for
the prophylaxis and also for the treatment of malaria and as
well as for vaccine delivery for the prevention of malaria [29].
Currently, effective therapy for malaria is limited due to toxic drug
side effects and the development of resistance to current drug
regimens. Encapsulation of therapeutic agents within liposomes
can favorably alter the dose and distribution of drugs within the
body, which may significantly reduce unwanted toxic side effects,
increase treatment efficacy and reduce the risk of drug resistance
[30]. Presently, malaria vaccine strategies suffer from the problem
of resistance to recombinant antigens and as well the need for
frequent re-boosting. The use of live-attenuated parasites is limited
mainly because high doses of Plasmodium are needed and because
a clinically appropriate route for inoculation has not been found
[31]. Liposomes have advantage over other vaccine delivery system
the carrier vesicles protect its contents from degradation within
the host are biocompatible, non - toxic and selective. Novel gel core
liposomes which uses a combination of polymer and lipid delivery
systems have been recently developed and tested for the controlled
delivery of malarial antigen Pfs25 combined with CpGODN, a potent
immunostimulatory vaccine adjuvant [32]. Gel core liposomes
increase liposome stability by incorporation of a polymer into the
internal aqueous phase of the liposome that allows for slower drug
delivery. The rate of release is controlled by slow diffusion through
the polymer gel and through the phospholipid bilayers which enable
manipulations of drug concentration within liposome vehicle to
enable the ability of long-term antigen persistence which could
decrease the need for boosting. Additionally, novel RTS, S-based
vaccine formulations that utilize a liposome-based adjutant are
currently undergoing clinical trial [31].

The RTS.S/AS01B vaccine induces high antibody responses and
at the same time improves T cell responses to the Circumsporozoite
protein (CSP) in mice and in non-human primates [33]. Antimalaria
drugs showed different degree of toxicity, which limit their use.
Current therapeutic administration strategies release free drugs
into the blood and offer little specificity regarding infected cells
[33]. Early studies have indicated that the liposomalization of the
antimalarial agent chloroquine increases its maximal tolerable
dose and its efficiency and activity against murine malarial
infections greater than just chloroquine alone [34,35]. Moreover,
the ability to increase the doses of chloroquine per injection after
liposome encapsulation allowed successful treatment of infection
with chloroquine resistant P berghei which could be cured by
a seven-day course with the maximum tolerable dose of free
chloroquine [35]. More recently, antibody coated liposomes loaded
with antimalarial drugs such as primaquine and chloroquine
completely arrested human infecting parasite, P. falciparum growth
in vitro and cleared infections [36]. This success was attributed
to dual therapeutic and prophylactic effect achieved with the use
of liposome vesicles targets to both infected and non-infected
erythrocytes [36]. Resistance to current antimalarial therapy is
attributed to a large genetic diversity of Plasmodium strain, specific
mutation in P. falciparum chloroquine transporter gene and multi
drug resistance genes in P, falciparum [37].

Liposomes circumvent drug resistant malaria because they
are targeted for intracellular delivery which bypasses chloroquine
transponder and pass through cell membrane by alternative
mechanisms such as membrane fusion or entrapment of
chloroquine in pH-sensitive liposomes [38]. Directing liposomes to
parasite-infected erythrocytes is another strategy that would allow
for selective drug distribution and allow for exposure of lethal doses
directly to the pathogens [38]. Ligands conjugated to the surface of
liposomes can be used to target and specifically bind Plasmodium
infected cell [39]. Because the blood-stage of Plasmodium infection
is responsible for all symptoms and pathologies of malaria,
Plasmodium -infected erythrocytes are the main antimalarial
therapeutic target. The targeting of liposomes to erythrocytes
using heparin and monoclonal antibodies to erythrocyte surface
proteins have been studied in vitro and have shown promise
towards targeted drug delivery. Marques et al. [39] encapsulated
primaquine in heparin-coated liposomes, this formulation was
demonstrated to have antimalarial activity and specific binding
affinity for Plasmodium-infected erythrocytes in vitro via heparin
targeting of heparin-binding proteins in erythrocyte membranes.
Antibody-mediated erythrocytes targeting using liposomes are
another promising strategy for targeted drug release. Recently,
drugs carried by liposomes were shown to be specifically targeted
in vitro to P falciparum infected erythrocytes relative to non-
infected erythrocytes likely by docking to infected cell surfaces to
facilitate membrane fusion [40]. This demonstrates the feasibility
of constructing a carrier able to completely discriminate infected
from non-infected erythrocytes.

The fast, specific targeting of antibody labeled liposomes
towards Plasmodium- infected cells can facilitate adjusting the
amount of encapsulated drugs to a low overall concentration that
however guarantees a localized delivery of highly toxic doses only
to infected cells. This, in turn, opens perspectives for the use in
antimalarial therapy of already existing drugs that are not being
tested because of their high toxicity and/or elevated specificity.
Recently, liposomes have also been targeted toward hepatocyte to
determine their ability to combat liver parasite in murine model of
P. berghei infection [41]. In this study, the targeting of liposomes to
the liver was achieved by expressing a 19 amino acid sequence of
a protein expressed by the P. berghei circumsporozoite which was
chemically bound to the surface of PEGylated liposomes. Peptide
targeted liposomes were 100 times more selective to hepatocytes
than to cells of other organs which present a great approach for
targeting antimalarial drugs to the liver. Targeting antimalarial
drugs to Plasmodium infected erythrocytes and hepatocytes using
liposomes reduces toxicity, improves therapeutic efficiency, and
prolongs drug release compared to conventional approaches [42].

In a study conducted by Rajendran et al. [43] on Therapeutic
efficacy of chloroquine in long circulating liposome formulations
against chloroquine-resistant Plasmodium berghei infection in
mice, the result showed that Chloroquine (CQ) in long circulating
liposome formulations with 5mol% DSPE-mPEG 2000 resulted in
enhanced Killing of blood parasites compared with similar dose of
free chloroquine. Compared with free drug, liposomal formulations
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showed enhanced efficacy assessed by clearance of parasitemia
and significant delay in death of mice with Plasmodium berghei CQ-
resistant infections.

Challenges of liposomes assisted drug delivery for ma-
laria

No drug delivery system is faultless; this is the case with
liposomes as well. As liposomes are used to enhance and to increase
the efficacy of a drug, the cost as well as all the other implications
thereof must be taken into account. Cost is an issue when it comes
to lipid drug delivery systems, as these systems are quite expensive
to produce. The cost is high because of high costs associated with
the raw materials used in lipid excipients as well as expensive
equipment needed to increase manufacturing [44]. In most cases
liposomal formulations are nontoxic, but certain formulations such
as the cationic formulations tend to be cytotoxic. This is especially
true when liposomal doses are very high [45]. The sterilisation of
liposomes is a complicated conundrum, as liposomes are sensitive
to high temperatures, as well as certain methods of radiation.
Sterilising with chemicals is not a viable option either, as it may
affect the stability of the liposomes. The only method for creating
sterile liposomes is by filtering the liposomes through a 0.22um
membrane filter after production. This method is only suitable if
the liposomes are smaller than 0.2pm in diameter. This method
does not remove viruses [46]. Another option is filtering the
initial solutions through 0.45um regenerated cellulose filters and
glass fibre filters before starting production, thereafter the entire
production process must be done under aseptic conditions [47]. For
a pharmaceutical product to be viable for the market, it requires the
product to be stable in some form or another for at least a year and
a half to two years. To achieve this with liposomes is very difficult
if the liposomes remain in suspension. Other methods may be
used to increase the shelf life of liposomes, such as freeze-drying
after production. Two factors play a major role in the stability of
liposomes namely, chemical and physical degradation. The chemical
degradation of liposomes is attributed to oxidation and hydrolysis.
Physical degradation is most often attributed to the difference in
the packing density of the lipids in the bilayer structure. Physical
degradation is also a huge factor when formulations are freeze-
dried. When products are freeze-dried a so called cryoprotector
must be added to ensure the product is stable when reconstituted.

Conclusion

In recent years, nanoparticles such as liposomes have attracted
a considerable attention as potential carriers for the controlled
and site-specific delivery of drugs. The nanodrug delivery systems
seem to be a promising and viable approach for improving
malaria treatment. Thus liposomal approach can be successfully
utilized to improve the pharmacokinetics and therapeutic efficacy
simultaneously reducing the toxicity of various highly potent drugs.
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