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Abstract

This study examines the potential of lumefantrine-loaded liposome delivery in vitro by employing
phospholipid in the combination of two polysorbates. Liposomes were prepared using the thin-
film hydration method, and the size was then downsized using sonicator and homogenizer to
achieve a small uni-lammelar vesicles (SUVs). Formulations of phosphatidylcholine (PC),
phosphatidylcholine/tween 20 (PC/T20) and phosphatidylcholine/tween 80 (PC/T80) in different

mole ratios, were used in each liposomal formulation.

Two different homogenizing rates (10000rpm and 20000rpm) were utilized in down-sizing
liposomal formulations. The size of the liposomes was further reduced using a 0.2um filter into a
nanosized scale. The physiochemical characteristics of liposomal formulations on their, size

distribution, zeta potential, pH, and morphology were determined.

PC/T80-liposomes entrapped 53.2- 71.5 % of the available LUM, and 53-68.7% and 40.2- 49.6%
entrapped by liposomes made from PC/T20 and only PC liposomal formulations, respectively. The
encapsulation efficiency of liposomes was dependent on the lipid bilayer properties and surfactant

type and concentrations.

In vitro studies exhibited that LUM release was higher in PC/ T80 liposomes than in the PC/T20
or surfactant-free liposome formulations. The drug release was dependent on the lipid and
surfactant concentration. Thus, T80-liposomes had a higher LUM release of approximately 31.5 -
42.7%. Similarly, drug release in T20-based formulations revealed to be 30.7-38.6% in 24 hours.
However, drug release in surfactant-free liposomes proved to be slow (approximately 27%). The
characteristics of different liposome formulations were essential in understanding their drug

delivery mechanism.

The impact of lyophilization without cryoprotectant on the stability of liposomes was also
determined by comparing the mean vesicle size, PDI, and encapsulation efficiency before and after
freeze-drying. The process of lyophilization resulted in particle size increment and a significant

decrease in drug entrapment in all formulations.

Keywords: Liposomes; Malaria; Lumefantrine; Encapsulation efficiency; Drug-release;
Lyophilization
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1 Introduction

The absorption mechanism and the nature of the drug are the fundamental factors that determine
the appropriate delivery systems for achieving the highest bioavailability and effectiveness [1].
Therefore, the solubility of the drug is likely to influence the absorption profile and bioavailability
after oral administration. For instance, orally given drug molecules must first undergo dissolution
and absorption in gastrointestinal (Gl) fluid to reach the systemic circulation[1]. However, these
processes are challenging factors for drug molecules with hydrophobic properties. Because when
an active ingredient is taken orally, it must first dissolve in Gl fluids before permeating the
gastrointestinal tract (GIT) membranes. Drug molecules such as Lumefantrine (LUM) are
examples of highly lipophilic (logP = 9.19) molecules with low aqueous solubility[2].Thus,
LUMs poor solubility nature leads to incomplete absorption and low bioavailability and is
consequently poor for acute malaria infections. These also outcomes to treatment failure, which is
again associated with increased morbidity and development of resistance [3]. Therefore, the oral
bioavailability of LUM is more certainly gained by co-administration with a fatty meal intake.
However, it is still challenging as malaria patients have nausea and vomiting indications

commonly.

To overcome these difficulties finding suitable formulation, such as encapsulation of drug
molecules in nanocarriers for the parenteral delivery system, is needed. Thus, the active substance
was administered directly in a blood vessel and avoided the first-pass metabolism. Compared with
oral administration, the parenteral route exhibits several advantages, such as first-pass metabolism
avoidance leading to better bioavailability, improving patient compliance (For example malaria
patients with high vomiting tendency), and controlling the dosage. Additionally, the route benefits

patients who cannot take the drug orally and require rapid onset of action[4, 5].

Recently, parenteral drug delivery systems using liposomal encapsulation technology(LET) are
promising in pharmaceutical applications[6]. LET is a method of designing sub-microscopic

liposomes, which encapsulates various pharmaceutical agents. This method provides efficient drug



loading, decreasing systemic toxicity associated with the drug and improving its unfavorable

pharmacokinetics [7, 8]

1.1 Liposomes

Liposomes are lipid-based vesicular structures consisting of one or more hydrated lipid bilayers
that form spontaneously when phospholipids are dispersed in an aqueous medium [9]. Liposomes
consist of an aqueous core surrounded by a lipid bilayer, like cell membrane, separating the inner
aqueous core from the bulk outside. They were first discovered and described by Bangham and his
co-workers in 1961. The name liposomes were derived from two Greek words, “lipos” meaning

fat and “soma,” meaning body[10].

Liposomes are microscopic spherical vesicles with particle sizes varying from 15 nm to several
micrometers. They have either consistent of either single or multi-lipid bilayers enclosing aqueous
units, where the polar head groups are oriented toward the interior and exterior aqueous phases.

[9].
1.1.1 Composition of liposomes

Liposomes are composed of physiologically acceptable natural or synthetic phospholipids found
in lipid bilayer membranes of human cells. Additionally, other ingredients such as cholesterol and
surfactants are also added in formulation, and these can affect liposomes behavior and afford the

desired encapsulation or delivery profiles[10].

1.1.1.1 Phospholipids

Phospholipids (PLs) are lipid molecules that occur naturally in all living organisms as a main
component of the cell membrane. The unique characteristics of Phospholipids are their excellent
biocompatibility and amphiphilicity. These unique properties make PLs suitable for critical
pharmaceutical excipients and have a wide range of applications in drug delivery systems[11].
PLs are widely used in the formulation of poorly water-soluble drugs for oral and primarily
parenteral administration. Also, they play a crucial role in the physiological dissolution

mechanisms after oral and parenteral administration of hydrophobic drugs[12].



1.1.1.2 Phospholipid Structure

PLs are amphiphilic molecules containing both hydrophilic phosphate head groups and two long-
chain hydrophobic fatty acids. The hydrophobic tail of the PLs is nonpolar, composed of hydrogen
and carbon. Because of that fatty acids can easily interact with other nonpolar groups. While the
polar head group is negatively charged, it consists of a phosphorus molecule attached with four
oxygen molecules.The hydrophilic and hydrophobic chains link via the third molecule, either
glycerol or sphingomyelin as the backbone [11].The alcohol group present in glycerol is attached
to the phosphate molecule, which is linked to a small molecule containing an alcohol group, such
as choline, inositol, glycerol and serine [12]. The molecular structure of a phospholipid is provided

in Figure 1.1.
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Figure 1.1: lllustrates the general structure and constituents of phospholipids (in this example:

phosphatidylcholine [13]

Due to their amphipathic nature, phospholipids are well-suited to form a membrane bilayer. In
water or aqueous solution, lipid bilayer forms when PLs arrange themselves next to each other that

the hydrophilic head group faces to the aqueous fluid of both the bilayer's outer sides and forms
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electrostatic interactions with the water molecule. On the other hand, the hydrophobic tail faces
each other to the bilayer's interior, away from the water phase [14]. A fatty acid with single tails
forms a small, single-layered sphere called a micelle, while PLs with larger tails form a hollow
droplet bilayer, liposomes[10]. Figure 1.2 below shows structure of liposome and micelle [15].
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Figure 1.2: lllustration of the steric construction of a micelle (left), a liposome (center), and a
lipid bilayer (right). Whereas liposomes are made of a lipid bilayer, micelles are constructed of
one lipid layer in which the non-polar part bends inward and the polar heads interact with the

environment[15] .

Based on the nature of sources, phospholipids are categorized into natural phospholipids and
synthetic phospholipids. Natural phospholipid excipients are obtained from natural sources like,
e.g., soybeans, sunflower seeds, milk, egg yolk, etc., while synthetic phospholipids are
manufactured using organic chemical and enzymatic synthesis. Soya phosphatidylcholine (SPC),
phosphatidylethanolamine (PE) are examples of natural PLs. and Synthetic PLs include
dimyristoylphosphatidylcholine (DMPC) and dipalmitoyl phosphatidylcholine (DPPC)[16, 17].



Table 1.1: List of commonly used phospholipid for liposomes formulations [16]

Name Abbreviation | Net charge in pH 7
Phosphatidylcholines PC Zwitterionic
Phosphatidylethanolamines PE Zwitterionic
Phosphatidyl Serines PS Negative
Phosphatidylglycerol PG Negative

Lysyl phosphatidylglycerol LPG Positive

Phosphatidylcholines (PCs) obtained from both natural and synthetic sources are commonly used
in different formulations. Under physiological conditions (pH values of about 7), PCs are
zwitterionic, a positive charge on the choline and a negative charge on the phosphate[16].

Figure 1.3 shows the structure of phosphatidylcholines.
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Figure 1.3: Chemical structure of a Phosphatidylcholines molecule; with a chemical structure

1.1.1.3 Phase transition temperature of lipid (Tc)
All phospholipids have a particular temperature at which they undergo a phase transition from a

solid (gel) to a liquid form known as phase transition temperature (Tc). When PLs are at a



temperature above Tc, their hydrocarbon chains (tail) are randomly oriented and form liposome
bilayer vesicles. On the opposite, when PLs are below their Tc, the hydrocarbon tail is in a gel
state and remains fully extended and closely packed, hence they are not suitable for liposome
formulation [11]. Tc of PLs is directly affected by several factors such as charge in the headgroup,
the length of hydrocarbon chain and degree of saturation. The longer the hydrocarbon chain, the
higher the Tc is [19].Phospholipid Tc has a significant impact on liposome structure and

permeability as it regulates the movement of a target molecule in the lipid bilayer [20].

1.1.2 Surfactants

Polysorbates (PSs) with commercial name (Tween®) are amphipathic nonionic surfactant
molecules made of fatty acid esters of polyoxyethylene sorbitan [21]. PS have a characteristic of
good biocompatibility, stabilizing, emulsifying, and wetting properties. These unique properties
result in increasing colloidal stability, making PSs the most suitable excipient in pharmaceutical

products.

Tween 80 and Tween 20 are polysorbate surfactants with a fatty acid ester moiety and a long
polyoxyethylene chain. Both have a common backbone, but they differ in the hydrocarbon chain
structures as illustrated in Figure 1.4 . Tween 80 has oleic acid as primary fatty acid, while Tween
20 has lauric acid[21]. Their structures are shown in Figure 4. Tween 20 has the shortest length of
the fatty acid and the highest HLB value (16.7) in comparison to Tween 80 with HBL value of
15[22]. Both Tweens are water-soluble, and they can form micelles in water [12]. The
micellization process typically occurs when the surfactant concentration increases, and
consequently become saturated on the water -air interface, the monomers in solution associate and
form micelles [21]. Due to the longer fatty acid chain Tween 80 is more surface active with a lower

critical micellization concentration (CMC) than tween 20 [23].
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Figure 1.4: Chemical structure of Tween 20 and Tween 80 [15]. Tween 20 has a molecular
weight of 1228 g/ml, assuming 20 ethylene oxide units, one sorbitol, and one shortest length
lauric acid as the basic fatty acid. Tween 80 (right), polyethylene sorbitol ester has MW 1310
g/ml, 1 sorbitol and one long chain oleic acid as the primary fatty acid.

Currently Tween-20 and Tween 80 are the most commonly used surfactants in the parenteral
biopharmaceutical formulations [24] and both are effective functionally in preventing surface
adsorption and as a stabilizers against aggregations [23]. Additionally , Tweens are excellent

solubilizers, and solubility of drugs increases with tween concentrations [22]

1.2 Liposome classification

There are various classes of liposomes, and these can be distinguished depending on the number
of bilayers forming the vesicle, particle of size, and the method of their preparation. Liposome

lamellarity refers to the number of lipid bilayers surrounding the inner aqueous space[25].



Based on vesicle lamellarity, liposomes are categorized into two categories: multilamellar vesicles
(MLV) and unilamellar vesicles (ULV). Further, depending on the particle diameter ULV is
described as small unilamellar vesicles (SUV) and large unilamellar vesicles (LUV) [8] as shown
in Figure 1.5. The ULVs or MLVs formulations depends on the synthesis and post-formation

processing methods used for their preparation [15]

1.2.1 Multilamellar vesicles (MLV)

MLV are liposome vesicles consist of several lipid bilayers and their diameter size range from 500
nm to several micrometers [17], depending on the preparation method. MLV forms spontaneously
when an excess volume of buffer is added to hydrate lipid film. Due to their multi lamellarity, they
are more suited to the incorporation of hydrophobic molecules compared to hydrophilic

substances[26].

Lipid bilayer
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0000000000000000000690

ULV MLV MVV

Figure 1.5: Illustration for liposome classification based on vesicle size and lamellarity of lipid
bilayer: Small unilamellar vesicles( SUV),large unilamellar vesicles (LUV), multilamellar vesicles
(MLV) and multivesicular vesicle (MVV)[27]



1.2.2 Large unilamellar vesicles (LUV)

LUVs are liposome vesicles bounded by a single lipid’s bilayer with size range >100 nm in
diameters. LUVs liposomes are prepared by several techniques such as freeze-thaw cycling,
dehydration followed by rehydration[17]. These method enables the preparation of large
unilamellar vesicle which gives the ability to carry on a large volume of solution. Thus, larger
quantities of drug encapsulate in smaller amount of lipid. Due to their large capture volume LUVs

are able to encapsulate higher amount of hydrophilic drug molecules than SUVs [26].

1.2.3 Small unilamellar vesicles (SUV):

SUV are liposome vesicles surrounded by a single lipid bilayer with a particle size range of 20—
100 nm in diameter. They are prepared by mixing PL dispersions in water using sonication
extrusion through filters and high-pressure techniques[17]. This method enables size reduction and
homogeneous SUVs production, which are more suited for i.v administration with a prolonged
circulation time than MLVs. However, as the vesicle size is small in volume, consequently, the

entrapped amount is much lower than MLVs[28].

1.3 Liposome lamellarity effect in drug encapsulation

The number of lipid bilayers (lamellarity) of liposomes has greatly influenced encapsulation
efficiency and the release kinetics of the entrapped drug molecules [29]. Since UVLs are single
bilayer vesicles, they enclose a large aqueous core, making UVLs preferable for the entrapment of
drugs with hydrophilic character. On the other hand, MVLs with multiple lipid bilayers are more
suited for the encapsulation of lipophilic drug molecules. Generally, MLVs have multiple lamellar
bilayers and are larger in diameter, thus having a larger drug encapsulation volume than ULVs. As
a result, MVLs have slow drug release rate than single-layered UVLs[15]. The vesicle lamellarity
depends on the level of mechanical stress during the dispersion process. Techniques such as high-

pressure homogenization are used for formation of small and uni-lamellar vesicles[25].

1.4 Liposomes as a type of drug carrier

Since the first liposomal drug (Doxil®) approval, the application of liposomes as a drug carrier
has become one of the most studied and widely used delivery systems for pharmaceutical

9



applications[30]. The unique feature of liposomes as a drug carrier is their biocompatibility,
biodegradability, low toxicity, and ability to encapsulate drugs with different lipophilicity[8].
Liposomes can encapsulate both hydrophobic and hydrophilic compounds where hydrophobic
drugs place themselves inside the lipid bilayer of the liposome and hydrophilic drugs located
entirely in the aqueous compartment inside the core or at the bilayer interface as illustrated in
Figure 1.6. Consequently, water-insoluble drugs may solubilize in the liposome and provide stable

aqueous formulations[31].

% 9 Hydrophilic drugs
7~ o Hydrophobic drugs

% » ;"_';?* Lipid bilayer

Figure 1.6: Structure of unilamellar liposome; which illustrates that hydrophilic drug molecules
(dark black) incorporate at the aqueous core while hydrophobic drugs (gray colored)
encapsulate at the lipid bilayer [32]

Furthermore, liposomes have been used to improve the drug's protection from degradation, to
improve unfavorable pharmacokinetics of the drug by modifying drug absorption, reduce side
effects or toxicity, and exhibit great benefit as direct drug delivery [28, 31]

1.5 Liposomes for Parenteral drug administration

Intravenous (i.v.) drug delivery is the most preferred administration route for low absorption
lipophilic drugs. The purpose of a liposomal carrier in i.v. administration is to circulate the drug in
the bloodstream and reach desired target organ or tissue[28]. However, formulations of parenteral
drug delivery systems are a critical and challenging task as drug particle size approved for i.v
administration should be small to avoid capillary blockage[33].Additionally, due to their biological

component, liposomes may also excrete from blood circulation within hours after administration.
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Therefore the drug circulation in the blood and pharmacokinetics activities are primarily

dependent on liposome vesicle size and surface charges[34].

1.5.1 The role of liposome vesicle size

Larger particles with diameters range above 200nm are rapidly cleared by cells reticuloendothelial
system (RES) in liver and spleen, thus results rapid disappearance of particles from blood
circulation before reaching the desired sites. While particle with size range under 50 nm results for
better prolonged biodistribution and to bypass the liver hepatocytes[35]. However, the very small
sized liposomes have a limitation as they possess higher circulation time. Therefore, better
retention after IV injection is offered by liposome vesicle size with a range of 70- 150nm in
diameters. Consequently, these intermediate size vesicles can have a chance to escape the RES

resulting in prolonged blood circulation and reach the target site[28].

Overall, the size range determines the biodistribution and the mononuclear phagocytic system's
(MPS) clearance of liposome particles. As the particle sizes below 50nm and above 300nm, the
higher clearance tendency will be achieved by renal filter and MPS consecutively. To overcome
rapid clearance problems additives such as PEG and Polysorbate 80 are broadly applied as a

coating material used to enhance nanoparticles' circulation time[36].

1.5.2 The role of liposome surface charge

Generally, liposomes obtain their surface charge from the PLs and additives used on formulations.
Thus, the surface charge exhibits its influence on pharmacokinetics and MPS uptake. The surface
charge of nanoparticles can be determined by means of Zeta potential (ZP). Reports show that
negatively charged liposomes have higher MPS uptake, and toxic effects, such as pseudo allergy
[15] and positively charged nanoparticles >10 mV generate a higher immune response. On the
opposite, neutrally charged particles with ZP (+/- 10mV) have been associated with the lowest
MPS uptake and prolonged circulation time[35].
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1.6 Storage stability of liposomal formulations

Stability is the primary consideration during the formulation of drug products[37].The drug's
therapeutic activity is determined by the stability of the formulations from the production steps to
storage and delivery. Physical, chemical, and biological stabilities are basic parameters applied to
evaluate the stability study of dosage formulations, consequently determining the shelf-life of

dosage forms[28].

Liposome formulations are a relatively unstable colloidal system [25]. The stability and formation
of the different structures are governed by their thermodynamic properties. Physical instability is
manifested in vesicle aggregation and fusion, associated with changes in vesicle size and loss of
entrapped hydrophilic materials. Whereas chemical stability primarily indicates liposomes

breakdown and alters drug-release related with hydrolysis and oxidation of lipid[25].

SUVs have much more tendency to fusion when compared to large liposomes due to the presence
of high surface energy. This can occur specifically at the transition temperature of the membrane
[31]. Hence to minimize particle agglomeration and the possibility of Ostwald ripening, a stabilizer
such as polysorbate is useful for the preparation of the negatively charged liposomes. These
charged liposomes give higher stability as charged particles repel each other and reduce
aggregation tendencies[23]. The liposomal formulation in dispersion should store at a much lower

temperature, a range of 4-8°C, than the lipids' transition temperature[31].

PLs are chemically unsaturated fatty acids prone to oxidation and hydrolysis, which may alter the
shelf life of a product[37]. These instability problems can be solved by storing the liposomal
formulation in a dry state by the so-called freeze-drying (lyophilization) process. The primary
concept of using this method is the belief that water removal prevents hydrolysis and maintains
the physical and chemical stability of liposomes for an extended period[25] Saccharides such as
sucrose and lactose are applied to protect the liposome membranes against possible fracture and

rupture that might induce a change in size distribution and a loss of the encapsulated material[31].
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1.7 Choice of compounds

PLs are the most abundant lipid membrane. Differences in the length and saturation of the fatty
acid tails are essential because they determine the efficacy of PLs to pack toward one another,
thereby altering the fluidity of the bilayer. Due to their amphipathic nature, PLs molecules are
spontaneously aggregate to hide their fatty acid tails in the depths and reveal their hydrophilic
heads to the water. Consequently, PLs can form spherical micelles with the fatty acid tails inward

or form bilayers, with the hydrophobic tails sandwiched between the hydrophilic head groups[14].

PLs are components of the liposomal membrane; hence, they can directly influence liposome
particle size [38]. However, the liposome bilayer is not composed exclusively of phospholipids. It
often also contains other excipients, including cholesterol and surfactants. Surfactants such as T20
and T80 are also commonly used excipients in the pharmaceutical industry of nanocarrier
productions due to their ability to solubilize poorly soluble drugs and improve the delivery system's
flexibility and aid drug delivery across biological membranes such as the blood-brain barrier
(BBB)[39, 40]. Surfactants at low concentrations were taken up into the liposome bilayer without
breaking up the vesicle [38]. Studies suggest that the surfactant presence in lipid-based vesicle
systems has a noticeable effect on improving drug loading, drug release, stability, and other

physiochemical properties [39].

However, as surfactant concentration increases, the proportion of surfactant molecules in the
membrane increases until a critical value. In contrast, over this threshold value, the permeability
of the vesicle's membrane might increase due to the arrangement of surfactant molecules within
the lipid bilayer structure, which could introduce holes within the membrane and increase its
fluidity. This might induce the vesicle bilayer's rupture and reduce the drug entrapment efficiency

and liposome physical instability[39].
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1.8 Malaria infection

Malaria is a serious and sometimes fatal parasitic infection that is transmitted into the human body
through the bites of infected female anopheles’ mosquitoes. In humans, malaria is caused by five
protozoa (single-celled) plasmodium species. The Plasmodium strains that infect humans are
Plasmodium falciparum, P. vivax, P. ovale, P. malariae, and P. knowlesi. Among these P.
Falciparum parasites are responsible for the majority of malaria cases and almost all malaria-
related deaths [41].

Malaria is a global public health concern with high morbidity and mortality rate in children and
adults. It is endemic to varying extents in 106 countries of the world’s tropical and subtropical
regions[42]. According to the latest WHO estimates, released in November 2020, there were an
estimated 229 million clinical malaria cases in 2019 from that the estimated number of malaria
deaths attained be at 409 000 among which 67% (274 000) of all malaria deaths were covered
mainly by children under five years age. Africa as a continent accounted for a high share of the

global malaria burden, 94% of malaria cases and deaths [42].

Patients diagnosed with malaria infection usually feel very sick with high fever, chill, sweat
nausea, vomiting etc [43]. Additionally, patients with severe malaria which mainly caused due to
the falciparum strain of the plasmodium parasite are also other complications such as Cerebral
malaria, anaemia, and splenomegaly (enlargement of the spleen) [44]. Cerebral malaria is the most
severe neurological complication of infection and happens when the infected red blood cells block
the small blood vessels leading to the brain necrosis and swelling of the brain which lead to
permanent brain damage, seizures, and coma. The plasmodium parasites infect and multiply inside
the red blood cells (RBC) and if it is not treated it may eventually cause rupture of the infected

cells where it leads to severe anaemia[44].

1.8.1 The Plasmodium Life cycle

The malaria parasite life cycle is very complex, and it requires two hosts including the humans
(asexual) and the mosquitoes (sexual) [45]. The Plasmodium life cycle (Figure 1.7) is summarized

in six stages as below [44, 46].
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Stage |

During a blood meal, a malaria-infected female anopheles mosquito inoculates sporozoites into

the human body and these enter the parenchymal cells of the liver where they multiply.
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Figure 1.7: Illustration of the life cycle of plasmodium parasite. Sporogonic cycle (sexual phase)
multiplication in Anopheles mosquitoes and the Schizogony cycle multiplication in humans at the
liver stage and in blood-stage [47].

Stage Il (Human Liver Stage)

At this stage, these sporozoites enter hepatocyte cells gets mature into schizonts which then

ruptured, and release many invasive structures called merozoites. In the exoerythrocytic liver-stage
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P. vivax and P. ovale a dormant stage [hypnozoites] can persist in the liver (if untreated) and cause

relapses by invading the bloodstream for weeks, or even years after the primary infection.

Stage 111 (Human Blood Cell Stage)

After the initial replication in the liver merozoite further invades red blood cells (RBC) where they
undergo asexual reproduction known as schizogony. Merozoites infect RBC and mature into
schizonts, which rupture releasing merozoites re-enter the blood cells and begin a cycle of invasion
of red blood cells and can result in thousands of parasite-infected cells in the host bloodstream.
The blood-stage parasites are responsible for the clinical symptom and complications associated
with malaria disease. In this stage, some merozoites can leave the cycle of asexual multiplication

and form to the gametocytes.

Stage IV (Sexual Stage)
In this stage, the gametocytes differentiate into sexual erythrocytic stages as male

(microgametocytes) and female (microgametocytes) and circulate in the bloodstream.

Stage V (Early and Intermediate Mosquito Stage)

During a blood meal, the female Anopheles mosquito ingests the gametocytes, and, on her
stomach, the microgametocytes fertilize the microgametocytes resulting in zygotes production.
Further, the zygote develops into motile Ookinetes and they invade the midgut wall of the mosquito

and develop into oocysts.

STAGE VI (Late Mosquito Stage)

At last, the oocyst grows into several sporozoites through sexual multiplication and makes its way
into the mosquito's salivary gland and is ready for another new human host that restarts the malaria
life cycle.

The blood stage parasites are responsible for the clinical symptom and pathology associated with
malaria disease. While in the exo-erythrocytic liver-stage does not produce any clinical symptoms.
However parasites such as P. vivax and P. ovale can also persist as a dormant stage [hypnozoites]
in the liver (if untreated) and cause relapses by invading the bloodstream in weeks, or even years

after the primary infection [46].
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1.8.2 Antimalarial drug

Plasmodium falciparum parasite is responsible for most of the mortality and morbidity associated
with malaria infection. However malaria infection is curable and can be prevented with antimalaria
drugs[48]. Most malarial drugs are schizonticidal blood drugs that target the asexual erythrocytic
stage and some few schizonticidal tissue drugs targets the hypnozoites (liver stage) caused by

P.Ovale and P.vivax infections [49].

Based on the mechanism action currently available antimalarial drugs were broadly categorized
into three classes as summarized below. The drug in each class shares a common pharmacophore
[45, 50, 51].
1. The Aryl amino alcohol compounds: include drugs such as quinine, quinidine,
halofantrine, lumefantrine, chloroquine, amodiaquine, mefloquine, cycloquine, etc.

Mode of action: The quinoline and related drugs enters into RBC and inhibit heme,

crystallization, thereby the accumulation of cytotoxic heme in vacuoles leads in parasites
death.

2. The Antifolate compounds: include proguanil, pyrimethamine, trimethoprim, etc.

Mode of action: Antifolate drugs act by inhibiting enzymes for synthesis of folate cofactors,
thereby affecting DNA synthesis.

3. The Artemisinin compounds: including artemisinin, dihydroartemisinin, artesunate,
artemether, etc.

Mode of action: Artemisinin and its derivate acts on food vacuoles of the parasite there,

they bind with FE(I1)-heme and generates free radicals, leading to killing of the parasites.
Oral chloroquine (CQ) and quinine were the most widely used treatments in the fight against
uncomplicated Plasmodium infections. However, due to the emergence and spread of CQ and SP

resistant parasites complicate the treatments of P. falciparum[49].

To counter the emergence of the malarial drug's resistance problem, WHO is promoting the use of
antimalarial combination therapy. According to WHO the antimalarial combination therapy

defines as "the simultaneous use of two or more blood schizonticide medicines with an independent
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mode of action and thus different biochemical targets in the parasite”[48]. Consequently,

Artemisinin Combination Therapies (ACTs) were introduced as a frontline treatment against

uncomplicated P. falciparum malaria infection. The WHO currently approved five different ACTs

listed in (Table 1.2). These antimalarial drug combinations' primary objective is to prolong

Artemisinin’s half-life and delay the spread of resistance. Oral artemisinin and its derivatives have

a rapid onset of action, and they are eliminating rapidly (T1/2 0.5-1.4 h) from the human body

[41, 48].

Table 1.2: List of WHO recommended ACTSs drugs for the treatment of uncomplicated falciparum

malaria ;All combinations are in tablet form. [48, 52]

/pyrimethamine

Artemisinin Co-Partner Formulation Dosage
derivative drug(s)
Abbreviation
Artemether Lumefantrine | Co-formulated (AL) AL (20/120mg)
Artesunate Amodiaquine | Co-formulated (AS+AQ) AS+AQ
(25/67,5mg,50/135mg,
100/270mg)
Artesunate Mefloquine Co-blistered (AS+MQ) AS+MQ (50+250) mg
Artesunate Sulfadoxine Co-blistered (AS+SP) AS+SP (50+500+25) mg

Dihydroartemisinin

Piperaquine

Co-formulated (DHA +PPQ)

DHA +PPQ (40/320mg)

1.8.3 Lumefantrine

Lumefantrine (LUM), also known as benflumetol, is an aryl amino alcohol compound a member

of fluorenes derivatives[53].LUM is used as an antimalarial drug combined with artemether mainly
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for the treatment of multidrug-resistant and cerebral malaria infection [54]. Artemether-
lumefantrine (AL) is an oral fixed-dose combination recently given in a standard tablet form
containing 20 mg artemether and 120 mg lumefantrine, and 40 mg artemether and 240 mg

lumefantrine[48].

Lumefantrine is a blood schizonticide, effective against chloroquine resistant P. falciparum strains.
Currently LUM is only available in combination with Artemisinin with a marked name Coartem®
[52]. Both compounds have potent antimalarial activity and they corporate in antimalarial clearing
effects. Since Artemether has a rapid onset of action and it is rapidly eliminated from the body,
thereby provides rapid symptomatic relief by reducing the number of malarial parasites. While

Lumefantrine has a much longer half-life and is believed to clear residual parasites[55].

Figure 1.8: Chemical structure of lumefantrine (C3oHs,C13NO)

Lumefantrine has highly lipophilic and weakly basic character. It is water insoluble, slightly
dissolve in acetonitrile, methanol and completely dissolves in solvent such as chloroform, and
dichloromethane. To improve the absorption limitations LUM is very dependent on

coadministration with fatty foods [56].

Mode of action: The antimalarial mechanism of action of lumefantrine and its derivatives remains

unclear. However, several theories suggest that lumefantrine inhibits the formation of 3-hematin
by forming a complex with hemin and hinders nucleic acid and protein synthesis. Lumefantrine

has a much longer half-life and is believed to clear residual parasites[57].
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1.9 Aim of the study

This study aimed to develop a liposomal formulation entrapping Lumefantrine for the use of

parenteral administration. The plan can further divide in:

» Todevelop unloaded liposomal surfactant-based formulations using (Tween 20 and
Tween 80).

» Formulate loaded liposomes using Tween 20 and Tween 80 containing
lumefantrine and compare the encapsulation efficiency of both formulations.

» To determine both physical and chemical properties of unloaded and loaded
liposomes using analytical instruments

» To perform in vitro lumefantrine release from the loaded liposomal formulations.
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2 Materials and Methods

2.1 Materials

Table 2.1 Chemicals list used in the preparation of liposomes

Chemical Identification code | supplier

Acetonitrile Lot nr:STBJ9562 Sigma-Aldrich, Norway

For HPLC-GC, >99.8% (GC)

Chloroform, 99.0-99.45% (GC) Lot nr:STBH7859 | Sigma-Aldrich, Norway

Ethanol Lot nr:20D074007 | VWRCHEMICHALS, France

Methanol for HPLC >99.9% Lot nr:STBJ9184 Sigma-Aldrich, Norway

Phosphate Buffered Saline (PBS) Lot nr:SLCF3040 | Sigma-Aldrich, Norway

Tablet

Propylene glycol, > 99.5% FCC, FG Lot nr:SHBM3251 | Sigma-Aldrich, Norway

Sephadex® G-50 fine Lot nr: SLBZ6430 | Sigma-Aldrich, Norway

Trifluoroacetic acid (TFA), Lot nr:STBJ0634 Sigma-Aldrich, Norway

Reagent Plus 99%

Uranyl acetate reagent ACS Lot nr:180404-01 | Electron Microscopy Sciences.
England

Table 2.2: Equipment’s list used in the preparation of liposomes

Equipment

Type /Supplier /country

Bath Sonicator

Bandelin Electronic™ Soronex Super RK 102H Ultrasonic Bath.
Germany

Buchi vacuum controller

Buchi B-721, Switherland

Column chromatography

Econo-Column(r) Chromatography Columns, product 1x20cm glass,
Bio Rad Laboratories, inc, Catalog# 7371022

Copper grid

Carbon-coated Cu,3mm SPI 200MESH , Sigma-Aldrich Norway

Cuvette (with electrode
for ZP)

Cuvette, polystyrol/polystyrene(10x10x45mm), Germany

Cuvette (disposable)

Cuvette, polystyrol/polystyrene(10x10x45mm), Germany

Dialysis bag

Spectra /Por® Dialysis membrane ;Biotech CE Tubing MWCQO:20kd

Eppendorf Tubes®

Eppendorf AG, Hamburg, Germany

Homogenizer

IKA® T25. digital Ultra-Turrax
Laborato