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ABSTRACT

Plasmodium is protozoa from the Apicomplexa phylum which causes malaria. In the tropics
and sub-tropics, approximately 3.3 billion people are at risk. Artemisinin Combination
Therapy (ACT), the current prime treatment, has been reported to have a possible
emergence of resistance. This is a major obstacle that contributes to high mortality. Drug
repurposing offers an appealing alternative to de novo drug development. Although
astemizole and methylene blue have been reported to have anti-malarial properties, their
safety when used in combination has not been explored. This study aimed at evaluating the
optimum growth of Plasmodium falciparum 3D7 and W2, efficacy of astemizole-
methylene blue combination therapy these strains and the safety of the combination
therapy.To establish this, the growth potential of Plasmodium falciparum 3D7 and W2 was
assessed by maintaining a continuous culture. Afterwhich, eight concentrations of
astemizole-methyelene (1:1,3:1 and 3:1) using drug concentrations of range 7.81 pg/ml to
1 mg/ml, were assessed in triplicate against the Plasmodium strains. The parasites were
cultured in complete media containing human erythrocytes in 96 well plates at 36.8°C.
Parasitemia was determined by microscopy and non-linear regression was used to
determine the interactions of the drugs. Combinations that had high efficacy AST-MB 3:1
and 1:3 were administered in Balb/c mice (N=25) intraperitoneally. Clinical symptoms,
hematology, biochemistry, and gross pathology were assessed and results presented as
mean + standard error of mean. ANOVA was used to analyze the results. Differences
were considered significant if P values were less than 0.05(p< 0.05), F values were more
than 2.78. Astemizole-methylene blue 3:1 (31.25 pg/ml and I1Cso of 22.28+0.24 pg/ml) was
the most efficacious drug combinations against P. falciparum 3D7 (F= 8.439, p=0.017).
Whereas astemizole-methylene blue 1:3 (31.25 pg/ml and 1Cso of 15.07+0.60 pg/ml was
the most efficacious drug combinations against P. falciparum W2 (F=5.428, p=0.0035). In
spite of this, all astemizole-methylene blue drug combinations showed antagonism
(FIC>2). Also, astemizole was found to be less efficacious against both parasite strains in
comparison to methylene blue. Frome the toxicity study, astemizole-methylene blue 3:1
drug combinations was associated with lower weight of the heart (F=8.967, df=4, p=0.007)
and liver (F= 4.339, p=0.0001) compared to the negative controls. This indicates
abnormalities in these organs. Astemizole-methylene blue 3:1 reduced the platelet levels
to undetectable amounts (F= 27.40, df=4, p=0.005). Both Plasmodium falciparum 3D7 and
W2 had good and similar growth potentials, astemizole-methylene blue combinations were
efficacious against both parasite strains and astemizole-methyelene blue 3:1 adversely
affected Balb/c mice. This study recommends evaluating methylene blue and astemizole
combinations with lower concentrations of astemizole to counter the effects.



CHAPTER ONE

INTRODUCTION

1.1 Background Information

Malaria is a disease caused by protozoan parasites of the genus Plasmodium that continues
to claim many lives. As of year 2017, 219 million cases of malaria were recorded globally
(WHO, 2018). At present, chemotherapy is the major approach for both malaria prevention
and remedy (Agnandji et al., 2011). However, some patients living in endemic areas
continue to harbor high parasitemia levels even after being treated for the disease

(Schneider et al., 2008 ; Kakolwa et al., 2018).

Owing to widespread anti-malarial drug resistance, monotherapies have proven to be less
effective (Matthews et al., 2013). Plasmodium resistance to chloroquine had a negative
impact on malaria treatment (Wellems, 2001; Chinappi et al., 2010). This prompted the
search for new therapies. As such, the use of combination therapies with artemisinin was
aimed at combating parasite resistance against monotherapies that had been reported in
many laboratory settings (WHO, 2010). In view of this, the traditional methods of drug
development are not only time-consuming but also costly. Furthermore, 90% of drug trials
fail at the developmental stage (Mathews et al., 2013). Therefore drug repurposing offers

a faster approach to drug development.

Astemizole (AST) with the trade names, Histmanol, Cilergil, and Almizol, is an artificial
piperidinyl-benzimidazol derivative which has anti-allergic properties. Initially, it was

used to treat seasonal allergic rhinitis in humans (Karapetyan et al., 2013). It has been used



to treat several diseases including cancer and malaria. In Breast cancer, Eagl K* channels
are important for proliferation. Astemizole inhibits Eagl currents by selectively binding to
open channels. It thus reduces proliferation (Garcia-Quiroz et al., 2012). Astemizole was
identified as a prospective antimalarial during a drug screening process. At sub-micromolar
levels, it inhibits the multiplication of Plasmodium falciparum with different sensitivities

to chloroquine (Chong et al., 2006 ; Kumar et al., 2018).

Methylene blue (MB) was first synthesized in 1876 as an aniline-based dye for the textile
industry. It did not perform well in the textile industry. Hence, its use was ceased. In a
quest to find ways of staining cells, methylene blue was used and found to be efficient.
Methylene blue was the first synthetic compound that was ever used as an antiseptic in
medical settings (Oz et al., 2011). It has been used to treat several conditions and diseases
such as septic shock, hepatopulmonary syndrome, malaria and methemoglobinemia (a
complication of anemia caused by malaria) (Ginimuge and Jyothi, 2010). In 1891, it was
adopted as the first synthetic anti-malarial (Suwanarusk et al., 2015). Therefore, this made
it the first synthetic remedy that was used in humans to treat malaria (Lu et al., 2018).
However, its use as an anti-malarial drug was discontinued when chloroquine was
introduced into the market (Lu et al., 2018). This was because chloroquine served as a

better remedy against malaria.

1.2 Statement of the Problem
Malaria is a public health problem with a high burden in sub-Saharan Africa. In 2017, 219
million cases and 435,000 deaths worldwide, 93% of these were in Africa (WHO, 2018).

The emergence of Plasmodium resistance to artemisinin-based combination therapy



(ACT), and the current drug of choice against malaria, is worrisome and poses to threaten
all efforts to control malaria. The parasite resistance to drugs results from their resistant
genetic profiles and occurrence of mutations, interfere with efforts to reduce mortality
(Mwangi et al., 2016). For example, in Cambodia Asia, resistance to ACT was reported
in 2006 and in Africa, cases of delayed clearance of the parasite after the administration of
ACT, have also been reported (WHO, 2017). Similarly, the emergence of resistance
against other anti-malarial drugs has been reported (Ramakrishnan et al., 2017). To date,
there is currently no licensed and available vaccine against malaria (WHO, 2018).
Therefore there is an urgent need to come up with better drug interventions as soon as
possible. Drug repurposing offers this alternative by reducing the time and resources

employed in coming up with drug interventions.

1.3 Justification of the Study

Drug repurposing provides a cheaper and faster approach in treating and preventing malaria
compared to de novo drug development. For example, methylene blue has been proven to
be safe and efficacious against malaria (Bountogo et al., 2010). Astemizole was reported
to be potent against P. falciparum (Kumar et al., 2018). Astemizole and methylene blue
have mechanisms of action that are similar to chloroquine, the anti-malarial drug that took
decades before resistance was documented (Chinappi et al.,, 2010). However,
investigations have not been done to determine the outcome of the combination of AST
and MB against malaria parasites. Combining drugs reduces chances of the parasites
evading drug effects. Information regarding their formulations and mechanisms of action

are available. This, therefore, made it easier to investigate these drug candidates. In view



of this, an in vitro study was done to assess the efficacy of the drugs when used in
combination againt Plasmodium falciparum W2 (chloroquine-resistant) and P. falciparum

3D7 (chloroquine-sensitive) strains.

The drugs were assessed against Plasmodium falciparum W2 (chloroquine-resistant) and
P. falciparum 3D7 (chloroquine-sensitive) strains owing the the fact that astemizole and
methylene blue have similar modes of action to chloroquine. After assessing the growth
potential of the parasites, the efficacy and interactions of the drug combinations were
assessed in vitro and subsequently safety was evaluated in Balb/c mice with the aim of
characterizing the possible side effects of the drug combinations. Lorke’s toxicity test was
used because it uses fewer animals, it is simple and requires less time while Balb/c mice
were used as they are highly susceptible to malaria parasites (Li et al., 2017). Overall, this
study provided information regarding the growth potential of Plasmodium falciparum
chloroquine-sensitive 3D7 and chloroquine-resistant W2 strains, the efficacy of AST-MB

combination therapy against these strains and the drug combination safety in vivo.

1.4 Research Questions
(1)  What is the growth potential of chloroquine-sensitive 3D7 in comparison to
chloroquine-resistant W2 P. falciparum strains in vitro?
(i)  What is the anti-plasmodial efficacy of astemizole-methylene blue combination
against chloroquine-sensitive 3D7 and chloroquine-resistant W2 P. falciparum
strains in vitro?

(i)  What is the toxicity of astemizole-methylene blue combination in vivo in Balb/c



mice?

1.5 Null Hypotheses

(1)  The growth potential of chlorogquine-sensitive 3D7 is not similar to that of

chloroquine-resistant W2 P. falciparum strains.

(i)  Astemizole and methylene blue combination therapy is not efficacious against the
chloroquine-sensitive 3D7 and chloroquine-resistant W2 P. falciparum strains in
vitro.

(iti))  Astemizole and methylene blue combination therapy is not toxic in vivo in Balb/c

mice.

1.6 Objectives of the Study
1.6.1 General Objective

To investigate the anti-plasmodial activity of astemizole and methylene blue combination

therapy against P. falciparum strains and its toxicity in vivo.

1.6.2 Specific Objectives

(i)  To determine the growth potential of chloroquine-sensitive 3D7 and chloroquine-
resistant W2 P. falciparum strains in vitro.

(i)  To determine the anti-plasmodial efficacy of astemizole, methylene blue and their
combination therapy against chloroquine-sensitive 3D7 and chloroquine-resistant

W?2 P. falciparum strains in vitro.



(i) To evaluate the toxicity of astemizole and methylene blue combination therapy in

vivo in Balb/c mice.

1.7 Significance of the Study

This study sought to provide knowledge on the growth potential of Plasmodium falciparum
3D7 and W2 strains in drug susceptibility assays. Both strains were found to have high
growth potentials and therefore ideal for use in drug studies as the parasites growth limits
the period for which the drug assays can be conducted. It also provided vital information
on the safety and efficacy of the drug combination therapy and insight into phenothiazine-
antihistamine interaction. Additionally, it provided information on the antagonistic
interaction of astemizole-methylene blue combination against falciparum parasites. The
toxicity assessment of the drugs provided information on the effects of the drugs on Balb/c
mice; their behavior, biochemical and hematological profiles and organ changes. Drug
repurposing approach employed in this study, is cheaper and faster as compared to de
novo drug development. This study provided vital information on astemizole and
methylene blue combination therapy against Plasmodium falciparum parasites which can

form baseline information for their use in drug repurposing for malaria.

1.8 Limitations of the Study
Stool samples from Balb/c mice treated with methylene blue and drug combinations were
not analyzed to determine the effect of the drugs on the digestive system, although the

colour blue was consistent in the stools.



CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of malaria parasites and treatment

Malaria is an infectious disease caused by Plasmodium parasites which are spread when an
infected female Anopheles mosquito takes a blood meal (WHO, 2018). There are many
species of Plasmodium but only five infect and cause malaria in human beings. These
species are found in specific areas. They include: P. falciparum found in the tropical and
sub-tropical areas, P. vivax found in Asia and Latin America, P. ovale found in Africa and
the Pacific islands, P. malariae that is globally distributed and P. knowlesi found
throughout Southeast Asia (Autino et al., 2012). This wide distribution of species poses
challenges in disease control. Although chemotherapy remains the major strategy for
malaria control (Tcherniuk et al., 2015). Artemisinin and its derivatives are the current
drugs for treatment against malaria. Administering drugs in monotherapies increases the
risk of early drug resistance. Therefore, drug combination therapy was introduced to reduce
the chances of drug resistance. Artemisinin combination therapy (ACT) was adopted to
prevent the parasite resistance to artemisinin (Tse et al., 2019). However, an account of the
possible emergence of resistance to ACT was given from Southeast Asia (Dondorp et al.,

2010).

2.2 Life cycle of Plasmodium
The life cycle of Plasmodium starts when an infected female Anopheles mosquito takes a
blood meal (Fig 2.1). In this process, sporozoites are inoculated into the human host. With

the aid of the blood stream, the sporozoites move to the liver and mature into schizonts



which upon rupturing, release merozoites into the blood. Trophozoites are formed and
eventually mature into schizonts. Schizonts rupture and release merozoites. Differentiation
of some parasites into gametocytes occurs. These are ingested by the mosquito when it
bites an infected human host. Fertilization happens in the mosquito’s gut and zygotes are
formed. The zygotes then become motile and elongated ookinetes. The ookinetes develop
into oocytes in the mid gut. The oocytes rupture releasing sporozoites which make their

way to the salivary glands and the cycle begins again (CDC, 2017).

skin

. /
exoerythrocytic o @

stage l;/’ sporozoites @
(4

oy gametocyte
9 nfected

0 ‘ ‘ ?Ig';‘.lh xyie

.—'") A .,:' hepatic schizomt

£ ruptured

hypnozoite

schizont

>
e® blood-stage
@ schizont

+  trophozoite
erythrocytic ‘ RBC s
stage .

earlv rranhazoire

OR

merozoies

Figure 2.1: Life cycle of Plasmodium parasites (Hill, 2011)

2.3 Current efforts to control malaria

A number of approaches have been taken to control malaria, a disease which poses as one



of the major health threats in sub-Saharan Africa (SSA). These include vector control and

chemotherapy (WHO, 2018).

2.3.1 Vector control

Vector control comprises of all the methods that are put in place to prevent the transmission
of the Plasmodium parasites from the vector (mosquitoes) to the hosts which include
humans (SmithGueye et al., 2016). Indoor Residual Spraying (IRS) and Insecticide Treated
bed Nets (ITNs) are the most commonly used methods to control disease transmission from
vectors. However, between 2000 to 2015, Anopheles resistance to the known insecticides
used in these methods has been reported in many of the malaria-endemic countries
including Burkina Fuso and Ghana (Sougoufara et al., 2017). Long-lasting insecticide
treated nets have been distributed in many countries in SSA. The insecticide in these bed
nets lasts up to a period of 3 years. Targeted parties were young children and pregnant
women (Ranasinghe et al., 2015). Countries that have benefited from this include Rwanda
and Kenya. From the 663 million malaria cases that have been reported to have reduced in
SSA over the last 15 years, 73% is owed to the distribution of the bed nets (Tizifa et al.,

2018).

However, it was noted that effective distribution did not necessarily mean that the
recipients of the bed nets used them, approximately 47% of individuals did not sleep under
a treated net in 2016 (Tizifa et al., 2018). Furthermore, the resistance to pyrethroids, the
insecticide that is used to treat bed nets, retrograded the efforts in prevention through

treated bed nets usage (Sougoufara et al., 2017).
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Indoor residual spraying (IRS) is used in conjunction with ITNs. A study conducted in
Bioko Island showed that IRS was effective if there was a community coverage of up to
80%, coverage of less than 20% did not show much impact of the IRS (Larsen et al, 2017).
It was shown that children living in areas which were sprayed with IRS had lower anemia
and parasite loads as compared to those who lived in areas which were not sprayed
(Steinhardt et al., 2013). Initially, IRS was recommended only for use in areas with low
transmission rates (Fullman et al., 2013). However, the use of IRS has been shown to be

equally as effective as in endemic areas (Steinhardt et al., 2013).

2.3.2 Malaria vaccines and chemotherapy

At present, there is only one P. falciparum malaria vaccine candidate, Mosquirix (RTS,
S/AS01). The RTS,S vaccine targets the circumsporozoite protein of P. falciparum and is
given with an adjuvant system ASO1 (Agnandji et al., 2011). The effectiveness of RTS,
S/ASO01 malaria vaccine has been assessed in young children in clinical trials. In phase 11
clinical trials, upper respiratory infections and diaper rushes were frequently noted in
vaccinated children. However, none of these occurred in subsequent phase 111 trials (Asante

etal., 2016)

Overall, the vaccine was reported to be safe and efficacious against malaria (18-36%)
(Asante et al., 2016). However, WHO reported its inability to reduce mortality in children
of all age groups (Klein et al., 2016). For example, the vaccine efficacy was lower in
children between 6 to 12 weeks in both clinical malaria cases (23-30%) and in severe

malaria cases (15-38%) (Mahmoudi and Keshavarz, 2017). Furthermore, the risk of
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acquiring a malaria infection after being vaccinated was higher in female children as
compared to male children. It was speculated that mortality is usually higher in female
children who receive vaccines. An example of this was when the High-Titer Measles
Vaccine (HTMV) was administered to children in the 1890s (Klein et al., 2016). As the
vaccine candidate, Mosquirix, is still undergoing trials, chemotherapy remains the main

therapy against malaria.

The main drug of choice against malaria is Artemisinin combination therapy (ACT) (WHO,
2018). Artemisinin derivatives that are used in the combination therapies are artesunate,
artemether and dihydroartemisinin (Okebe et al., 2014). ACT acts against rings,
trophozoites, schizonts and immature gametocyte stages of Plasmodium. When these
parasite stages digest hemoglobin, the iron released causes the breakdown of the
endoperoxide moiety of artemisinin. This then results in the formation of reactive oxygen
species that aim for the nucleophilic groups in parasite proteins and lipids. This then kills

the parasites (Fairhurst and Dondorp, 2016).

Artemisin combination therapy (ACT) drug resistance was first noted in Cambodia in 2009.
The parasite clearance rate decreased by 100-fold. Not long after, delayed clearance of
parasites was also noted in countries such as Thailand, Vietnam, and China in Southeast
Asia (Fairhurst and Dondorp, 2016). Also, in sub-Saharan Africa, delayed clearance of
parasites after taking ACT has also be noted, this could be due to the emergence of the
mutant gene that was found in parasites in Southeast Asia (Slater et al., 2016).

Other anti-malarial drugs have been used to treat malaria. An example of this is
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chloroquine, a 4-aminoquinoline compound (Shujatullah et al., 2012). It acts against the
trophozoite stage of the Plasmodium parasite by preventing the detoxification hematin, a
by-product of the digestion of hemoglobin. In a normal scenario, hematin is polymerized
to hemozoin, which does not intoxicate the parasite. Chloroquine prevents this process so

leading to the intoxication of the parasites (Parhizgar and Tahghighi, 2017).

Following drug resistance, chloroquine is no longer used as a first line anti-malarial drug.
Malawi was the first African nation to cease the use of chloroquine as the first line drug
due to drug resistance. Malawi adopted sulfadoxine-pyrimethamine (SP) as the first line
drug in 1996 (Takala-Harrison and Laufer, 2015). Not very long after in 1996, drug
resistance was reported in Ethiopia and the nation followed suit and replaced chloroquine

with sulfadoxine-pyrimethamine as the first line therapy (Mekonnen et al., 2014).

At present, sulfadoxine-pyrimethamine is mostly used as a preventive treatment in
pregnant woman against malaria. In a study conducted in Ghana, only 15% of pregnant
women who used IPTp-SP (Intermittent Preventive Treatment with sulfadoxine-
pyrimethamine) tested positive for malaria. Those who did not use IPTp-SP (45%) tested
positive for malaria. However, drug resistance against sulfadoxine-pyrimethamine has
been observed (Ceesay et al., 2011). Regardless, IPTp-SP still remains to be effective in

combating malaria in pregnant women (Nwaefuna et al., 2015).

2.4 Drug repurposing

Drug repurposing, otherwise known as drug repositioning or re-profiling, refers to the use
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of known drugs to treat diseases for which they were not primarily intended (Amantea et
al., 2015). Ordinarily, the de novo approach to drug development is costly and consumes
too much time and there is a high chance of drug failure. Furthermore, the process from
malaria drug discovery to producing a clinical candidate drug takes longer than 5 years and
the lack of adequate funding tends to further prolong this process (Lotharius et al., 2014).
On the contrary, drug repurposing reduces the time spent on developing new drugs,
decreases the costs involved and the efforts required (Corsello et al., 2017). Moreover, the
drugs that are used in drug repurposing, have already been approved. Hence, information
on their pharmacology, formulations, and toxicity is readily available. Therefore, the new
candidate drugs could quickly be ready for clinical trials and incorporated into health care

(Amantea et al.,2015).

Studies have indicated the potency of broad-spectrum antibiotics against malaria. For
example, doxycycline, a synthetically derived tetracycline, has been employed in treating
malaria. Doxycycline’s clinical usage was approved in 1967 as an anti-biotic. However, it
is partially efficacious against Plasmodium parasites in the hepatic stage of the life cycle
and has schizonticidal activities. In spite of this, its efficiency is increased when used in

combination with other known anti-malarial drugs such as quinine (Tan et al., 2011).

Also, dapsone, a sulfone antibiotic, that was initially used to treat leprosy and dermatitis
herpetiformis, a chronic skin inflammation and it has anti-malarial activity (Wozel and
Blasum, 2014). Under its marketed name, LapDap™, it was used in combination with

chlorproguanil to treat malaria (Winstanley, 2001; Dunyo et al., 2011). Overall, the
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combination was efficacious. In spite of this, dapsone was reported to induce hemolytic
anemia, a side effect, experienced in 20% of the treated patients. Consequently, it was

retracted from the market in 2008 (Andrews et al., 2014).

2.5 Astemizole as an anti-malarial drug

Astemizole (Fig 2.2), is a non-sedating subsequent generation antihistamine with a
biological half-life of 24 hours which acts by competing with histamine at the Hi-receptor
sites in the uterus, gastrointestinal tract, and bronchial muscles. In high doses, astemizole
causes cardiac arrhythmia. Thus, it was withdrawn from the United States and Canadian
markets by its manufacturing company in 1999 (Lyu et al., 2018). However, it is currently
sold as a non-proprietary drug in over 30 countries including, Cambodia, where malaria

prevalence is high (Chong et al., 2006).

It has been observed that during the intra-erythrocytic stage, P. falciparum crystallizes
heme released from the disintegration of hemoglobin within the food vacuole to enhance
their survival. Astemizole inhibits this process of crystallization (Kumar et al., 2018). In a
study involving a four-day suppression test, mice were infected with a chloroquine
sensitive P. vinckei and then treated with desmethylastemizole which was administered
intraperitoneally. Mice that were treated with astemizole and desmethylastemizole had an
80% and 81% reduction in parasitemia respectively. However, recrudescence occurred
after day 4 post-treatment. The administering of astemizole for 4 days cured the infections.
This demonstrated that astemizole is potent against malaria parasites and has the potential

to be used in drug repurposing as an anti-malarial drug (Nzila et al., 2011).
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However, astemizole interferes with the human heart by causing long QT syndrome (a
disorder of the heart rhythm). Q and T are amongst five of the distinct electrical waves that
are mapped by ECG (electrocardiogram). The Q represents the depolarization of the
ventricles and the T symbolizes the repolarization of the ventricles. Normally, the QT
interval is a third of each heartbeat. In the long QT syndrome, the interval lasts longer,
causing the abnormal beating of the heart which could result in sudden death (Wisniowska

et al., 2016).

In an experiment to determine the electro-physiological effect of astemizole metabolites
(desmethylastemizole and norastemizole), human ether-a-go-go-related gene (HERG)
channels were expressed in embryonic kidney cell lines (HEK 293) and then studied using
the patch clamp technique. It was reported that both astemizole and desmethylastemizole
block the HERG current at similar concentrations. However, norastemizole caused
incomplete blocking of HERG channels and a high drug concentration of 27 nM was
required (Zhou et al., 1999). The desmethylastemizole concentration in serum surpassed
that of astemizole by 30-fold. This led to the conclusion that desmethylastemizole is the
main culprit of long QT syndrome (Zhou et al., 1999). However, in a survey conducted in
17 countries over a decade, results showed only one case of cardiac arrhythmia out of 8

million doses of astemizole (Chong et al., 2006).
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Figure 2.2: Chemical structure of astemizole (Chong et. al, 2006)

2.6 Methylene blue as an anti-malarial drug

Methylene blue, a phenothiazinium salt (Fig 2.3), has a half-life of 5-6 hours (Suwanarusk
et al., 2015). It has a mode of action similar to chloroquine in which it inhibits the P.
falciparum glutathione reductase (Meissner et al., 2006; Ginimuge and Jyothi, 2010). In
the trophozoite stage, P. falciparum metabolizes glutathione at an intense rate. Glutathione
helps in anti-oxidative protection and in its reduced state, it supports cell growth by
providing electrons for the deoxyribonucleic acid (DNA) synthesis and aids in detoxifying
heme, a product of hemoglobin digestion (Becker et al., 2003; Pastrana-Mena et al., 2010).
Methylene blue may possibly reverse parasite resistance to chloroquine leading to the
parasite’s increased sensitivity to chloroquine (Schirmer et al., 2003). It also prevents the

polymerization of heme into hemozoin (van Schalkwyk et al., 2016). Cardiac arrhythmias
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and interference with mesenteric flow are some of the effects of toxicity from the drug. It
has also been known to turn urine blue. In spite of this, toxicity has only been noted in

doses higher than 2 mg/kg in humans (Ginimuge and Jyothi, 2010).

Methylene blue has been reported to have gametocytocidal properties. In a trial in Burkina
Faso, methylene blue was used in combination with artesunate and amodiaquine. There
was a decrease in gametocytes when all drug combinations were administered. However,
methylene blue-amodiaquine (MB-AQ) and methylene blue-artesunate (MB-AS)
combination proved to be more effective than artesunate-amodiaquine (AS-AQ)
combination. The methylene blue based treatments rreduced P. falciparum gametocytemia
by 18% whereas AQ-AS, only reduced the prevalence by 7% (Coulibaly et al., 2009; Jorge

etal., 2019)

Another study conducted in Burkina Fuso, a combination of methylene blue and
chloroguine was used to uncomplicated falciparum malaria. The results showed that
methylene blue serves as an effective treatment against uncomplicated cases of falciparum
malaria (Suwanarusk et al., 2015). Although methylene blue alone was effective against
malaria in sub-Saharan Africa, its combination with chloroquine was not effective. The
combination therapy of chloroquine and methylene blue proved to be antagonistic against

P. falciparum (Suwanarusk et al., 2015).

Methylene blue has also been found to be potent against P. vivax parasites. The results

from a study conducted by Suwanarusk et al. (2015), showed that methylene blue had
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comparable efficacy to artesunate; it was also able to inhibit schizont maturation. Also, in
a study by Mwangi et al., (2016), the results showed that methylene blue was effective
against Plasmodium berghei by reducing parasitemia to below detectable levels by day 5
post-treatment. This also demonstrated the use of methylene blue in the drug repurposing
approach for malaria treatment. However, recrudescence was noted on day 6 after the

treatment had ended.

CH, Cl CH,
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N

Figure 2.3: Chemical structure of methylene blue (Lau et al., 2015)

In summary, astemizole and methylene blue are both safe and potent against malaria when
used as monotherapies. The efficacy of methylene blue is increased when administered in
combination with other drugs (Lu et al., 2018) . Both drugs interfere with the blood stages
of the parasites, the trophozoite stage, in which there is a high metabolism of glutathione
and polymerization of heme into hemozoin (Becker et al., 2004; Pastrana-Mena et al.,

2010). Hence, their individual efficacy was expected to be amplified in combination (offer
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a synergistic response). Moreover, the mechanism of action of methylene blue is similar

to that of chloroquine, the drug which took decades to develop resistance.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study area
The study was conducted under the malaria program, Department of Tropical and

Infectious Diseases (TID) at the Institute of Primate Research (IPR) in Karen, Nairobi

County, Kenya (Fig 3.1).
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Institute of Primate Research

Figure 3.1: Map of Kenya showing the location of the study site
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3.2 Study design

The growth potential of the parasites was determined through continuous culture. A
randomized block study to determine the anti-plasmodial activity of AST-MB combination
therapy in vitro and their safety in vivo (Fig 3.2 and Fig 3.3). In the anti-plasmodial activity
assessment, a drug assay was set up in which test drugs (methylene blue, astemizole and
their various combinations in ratios of 1:1, 1:3 and 3:1) were assessed against Plasmodium
falciparum 3D7 and W2 parasites. Each drug was assessed in triplicates in serial dilutions
ranging from 7.81 pg/ml to 1 mg/ml. Similarly, artemether-lumefantrine (Coartem™),
positive control and negative control (no drug) wells were assessed against the Plasmodium
parasites as shown in the layout (Fig 3.2). To distribute equal amounts of the Plasmodium
falciparum parasites in the wells, parasite pellets were diluted with complete media and
equal amounts were added to each well.

Plasmodium falciparum

A

Drug conc. AST alone MB Coartem No drug
pg/ml alone

A 1 (2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12
1mg/ml

B
500

C
250

D
125

E
62.5

F
31.25

G
15.63

H
7.81
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Plasmodium falciparum
\

Drug conc. AST-MB AST-MB
pg/ml (3:1) (1:3)

AST-MB (1:1) No drug

A 1 2 3 4 5 6 7 8 9 10 11 12
1

B
500

C
250

D
125

E
62.5

F
31.25

G
15.63

H
7.81

B
Figure 3.2: An illustration of In vitro drug susceptibility set up (A) individual
drugs, positive and negative controls (B) test drug combinations and negative
control
The safety assessment in vitro was performed using 25 Balb/c mice (15 male and 10

female) assigned randomly to 5 groups of 5 mice each. Each group was put in distinct

cages that were marked. Toxicity was assessed using modified Lorke’s method (Fig 3.3).

BALB/C
N=25
|
n=5 n=5 n=5 n=5 n=5 ‘
AST alone MB alone AST-MB AST-MB Control
10 mg/kg 10 mg/kg (1:3) (3:1) (no
10 mg/kg 10 mg/kg treatment)

Figure 3.3: Lorke’s toxicity method set up
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3.3 Preparation of drug stock and working solutions

Anhydrous methylene blue (sourced from Sigma-Aldrich Laborchemikalien GmbH,
Seelze, Germany), was weighed (100 mg) and dissolved in distilled water to produce 100
ml of 1 mg/ml stock solution (Mwangi et al., 2016). Astemizole (sourced from University
of Cape Town — Department of Chemistry) (100 mg) was dissolved in absolute ethanol to
produce 100 ml of 1 mg/ml stock solution. The solutions were filter sterilized through a
0.22 um membrane filter (Sartorius Stedim Biotech, USA, and Ministart ®) and stored at
4°C until required for use (Zhou et al., 1999). Similarly, 100 mg of Coartem™, was

dissolved in absolute ethanol to produce 100 ml of 1 mg/ml stock solution.

According to Fivelman et al. (2004); Abiodun et al., (2013), the drugs were combined in
ratios of 1:1,1:3 and 3:1 and were prepared into final volumes of 1 ml for each drug
combination. The first ratio, 1:1, was prepared by adding equal volumes of 500 ul (500 pg)
of AST and MB (500 pg). Next, 750 ul (750 pg) of AST was added to 250 pl (250 pg) of
MB to prepare 1 ml of 3:1 drug combination ratio. Lastly, 250 pl (250 pg) of AST was
added to 750 ul (750 pg) of MB and to prepare 1 ml of the 3:1 drug combination ratio. The

drugs were stored at 4°C until required for use.

3.4.1 Preparation of incomplete culture medium

Rosewell Park Memorial Institute (RPMI) 1640 (GIBCO) media containing L-glutamine
buffer was weighed to 10.43 g and placed in a one liter conical flask. To this, 38 ml of filter
sterilized 5% NaHCOs, 10 ml of filter sterilized 20% D-Glucose, 38 ml of HEPES (1M)

and Gentamicin (500 ul from 50 mg/ml stock) were added. Distilled water (900 ml) was
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then added. The pH of the solution was adjusted to 7.14 using 1M hydrochloric acid.
Distilled water (100 ml) was added to fill up the solution to the mark. The solution was
then filter-sterilized through a 0.22 pum membrane filter (Sartorius Stedim Biotech, USA,

Ministart ®) and stored at 4 °C until required for use in the assay (Moll et al., 2013).

3.4.2 Processing of blood serum

Blood from three different donors of different blood groups (A, B and O) who were
previously screened for malaria, was collected in blood bags and left to stand for 24 hours
at room temperature to facilitate coagulation. The blood was then kept at 4°C before
separating out the serum. The serum (250 ml) was transferred into labeled 50 ml centrifuge
tubes in a sterile biosafety hood (Steag laminarflow-GmbH). The serum was then
centrifuged at 2000 rpm for 10 minutes at room temperature (Hettich rotanta 460
centrifuge). The supernatant was transferred into other labeled 50 ml centrifuge tubes. The
serum was heat inactivated by placing it in a water bath at 56°C for 1 hour. It was then
allowed to cool at room temperature before storing it at -20°C until required (Lee et al.,

2010).

3.4.3 Preparation of complete culture medium

Complete culture medium (10%) was prepared by adding 1 part volume of sterile heat-
inactivated human serum (mixed equal volumes of blood groups A, B, and O) to 9 parts
volume of the previously prepared incomplete media (Section 3.4.1) in a sterile biosafety
hood (Steag laminarflow-GmbH). This was then stored at 4°C until required for use in

maintaining the parasite culture medium.
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3.4.4 Preparation of red blood cells for culture

Blood group O+ (positive) blood (50 ml) was collected in an anti-coagulant centrifuge tube
(Becton Dickinson) and transferred into 50 ml centrifuge tubes in a sterile biosafety hood
(Steag laminarflow-GmbH). The tubes were then centrifuged at 1500 rpm for a period of
10 minutes at room temperature. The red blood cells were washed three times with washing
media (RPMI 1640 with NaHCO3) (Sigma, Germany) by centrifuging at 1500 rpm for 10
minutes and the supernatant discarded. After the final wash, an equal amount of complete
media was added to the blood making a 50% packed cell volume (PCV). It was then stored

at 4°C until required for use (Moll et al., 2013; Trager and Jensen, 1976).

3.5 Retrieval and in vitro culturing of malaria P. falciparum parasites

Three sterile salt solutions were prepared prior to retrieving the parasites (12% NaCl, 1.6%
NaCl, and 0.9% NaCl) (Appendix I1I). The solutions were filter sterilized through a 0.22
um membrane filter (Sartorius Stedim Biotech, USA, and Ministart ®). Using the NaCl
gradient methodology as described by Sharrock et al. (2008); vials containing P.
falciparum (W2 and 3D7) parasites were retrieved from the liquid nitrogen storage tank,
quickly thawed in a water bath at 37°C and moved to the sterile biosafety hood (Steag
laminarflow-GmbH). Using a 1 ml sterile pipette, the contents of the vial were transferred
into sterile 50 ml centrifuge tubes. Next, 12% NaCl solution was added a drop at a time
while constantly mixing (1:5 ratio NaCl: cell mixture). This was left to stand for 3 minutes.
Thereafter, 10 ml of the 1.6% NaCl solution was added to every 1 ml of original thawed
blood drop by drop while constantly mixing. It was then left to stand for 5 minutes.

Subsequently, 10 ml of 0.9% NacCl solution per 1 ml of the original volume was added drop
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by drop while mixing. The contents were centrifuged at 1500 rpm for 10 minutes at room
temperature once in a centrifuge (Hettich rotanta 460). The supernatant was aspirated off
before re-suspending the pellet obtained with 10 ml of the pre-warmed complete medium
(added drop by drop and gently swirled inside the tube). The suspension was centrifuged

again at 1500 rpm for 10 minutes at room temperature.

To culture the parasites, the pellet was re-suspended in 5 ml of complete media and
transferred to T25 and T75 culture flasks. Next, 200 pl of the washed O+ red blood cells
was added into the culture. The culture was aerated with a special gas mixture (5% Oz, 5%
CO2 and 90% N2 from BOC gases) for 30 seconds to 1 minute before tightly capping the
flask (Plate 3.1). The culture was placed in an incubator (New Brunswick Scientific, United

Kingdom) at 36.8 °C for 48 hours and the media was replenished after this incubation

period elapsed.

Plate 3.1 : Plasmodium falciparum 3D7 (A and B) and W2 (C and D) parasite
cultures in blood



27

3.5.1 Maintaining Continuous P. falciparum Cultures

After every 48 hours, 1 ml serological pipette was used to transfer 0.2 ml of the contents
of the culture flasks into 2 ml Eppendorf tubes (Fisherbrand™). Using an Eppendorf
Microfuge centrifuge 5414 (Brinkmann), the tubes were centrifuged at 2000 rpm for 10
seconds. The supernatant was discarded and the pellet was used to prepare thin blood
smears. The smears were left to air dry and fixed in absolute methanol for 10 seconds and
then left to air dry again. They were then stained with 10% Giemsa solution for 25 minutes.
The stain was washed off with running tap water until no traces of the stain were visibly
present. The slides were then blotted with some tissue paper and left to air dry. Following
this, the slides were observed under a microscope (Zeiss standard 20, Germany) at x 100
objective and oil immersion. A cell counter was used to count infected red blood cells
relative to the total red blood cells and the parasitemia was determined using the following

equation (WHO, 2016).

Number of parasites per pl = Number of infected red blood cells x5 x 10°

Number of total red blood cells

After determining the parasitemia, the culture media was replenished with fresh media. To
do this, 10 ml sterile serological pipettes were used to transfer the remaining parasite
culture from the culture flasks into 5 ml centrifuge tubes in the sterile biosafety hood (Steag
laminarflow-GmbH). The tubes were centrifuged (Hettich rotanta 460 centrifuge) at 1500
rpm for 10 minutes. In the hood, the supernatant from the tubes was removed and the pellet
was re-suspended in 200 ul human O+ blood and 5 ml of pre-warmed RPMI 1640 complete

media to maintain the culture at 1.5% hematocrit and 1% parasitemia. The contents of the
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centrifuge were transferred into culture flasks. This was followed by aeration of the parasite
culture with a mixture of gases (5% Oz, 5% CO2, and 90% N2 from BOC gases) for 30
seconds to 1 minute. The culture flasks were tightly capped and placed in the incubator

(New Brunswick Scientific, United Kingdom) for 48 hours.

3.6 Cryopreservation of Plasmodium falciparum Parasites

Prior to cryopreserving the parasites, a freeze mix was prepared by mixing 28 ml glycerol
and 4.2% sorbitol in normal saline. The freeze mix was filter sterilized through a 0.22 pm
filter unit. After this, cultures with ring forms of more than 5% were chosen. The parasite
cultures were transferred from culture flasks into 50 ml centrifuge tubes in a sterile hood.
The cultures were centrifuged once at 1500 rpm for 10 minutes after which, the supernatant
was discarded. The packed cell volume (200 ul) was measured with a pipette and an equal
volume of the freeze mix was added. This mixture was then aliquoted into 1.8 ml cryovials
(Nalgene™) in a volume of less than 0.5 ml per vial. The vials were kept at 4°C for 5
minutes, then transferred to -20°C until they solidified and finally, they were plunged into

liquid nitrogen (-80°C) until they were required for use.

3.7 In vitro anti-plasmodial efficacy of P. falciparum

In the in vitro drug test, previously prepared astemizole, methylene blue drugs and their
combinations in ratios of 1:1, 1:3 and 3:1 (Section 3.3) were assessed. In the sterile
biosafety hood (Steag laminarflow-GmbH), a multi-channel pipette was used to transfer
50 ul of complete culture medium to each well of a 96 well plate. Next, 50 ul, of each drug

was added and serially diluted in triplicate from row A to H. Finally, 50 ul of diluted
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pellets (5.5 x 10* parasites per pl of blood) of Plasmodium falciparum parasites (acquired
from Institute of Primate Research and Kenya Medical Institute bio-repository), were
pipetted into each well plate and mixed 10 times with the multi-channel pipette. The well

plates were covered with a lid and sealed with parafilm strips.

A glass desiccator jar was wiped with 70% ethanol. Paper towels moistened with distilled
water were placed inside the jar at its base, to provide humidity which prevented
evaporation of the culture media. The 96 well plates with the drugs and parasites were
placed on top of the moistened paper towels. Then, a candle was lit and placed beside the
plates to provide Carbon dioxide (CO2) which in turn maintained the culture pH. The jar
was then placed inside the incubator (New Brunswick Scientific, United Kingdom) set at
36.8°C for 48 hours. After the incubation period, the parasitemia was determined as

previously discussed (Section 3.5.1).

The parasitemia determined for each well plate was used to calculate the percentage
suppression (Kabiru et al., 2013), inhibitory concentration 50% (ICso) and the Fractional
inhibitory concentration (FIC) of the drugs. This provided information on the efficacy and
interaction of the test drugs. Drug suppression was calculated as described by (Adetutu et

al., 2016)

Suppression(%) =

Mean parasitemia in negative control - mean parasitemia in treatment x 100

Mean parasitemia in negative control
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The Fraction inhibitory concentration (FIC) values were calculated using the 1Cso values

of the drugs as described in the formula by Meletiadis et al., (2010)

FIC= Fraction of drug concentration required to produce 1Cso when used in combination
Fraction of drug concentration required to produce 1Cso when used alone

3.8 Invivo safety assessment using Lorke’s method
The sample size of mice per group was determined using a formula by Arifin and

Zahiruddin, 2017.

n=DF/k+1

where:

n- number of animals per group

DF- Maximum degree of freedom for maximum one-way ANOVA designs

k- number of groups

n=20/5+1=5

Therefore, 5 animals per group were used.

3.8.1 Experimental animals

Rules and regulations established by the Animal Science Department of Institute of
Primate regarding the handling of mice were followed as also described by Hedrich and
Bullock (2004). Balb/c mice aged 6 weeks (15 male and 10 female), weighing between 20
+ 2 g were randomly divided into 5 groups of 5 mice each (Section 3.8.1). Each group was
kept in labeled standard Macrolon type Il cages at 22°C and 60% -70% relative humidity.

The mice were fed on commercial rodent pellets (Unga Farm Care (EA) Limited) and were
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given free access to a constant supply of water.

3.9 Toxicity Assessment

Drug toxicity tests were conducted with the astemizole-methylene blue drug combinations
in the ratios 1:3 and 3:1. However, AST-MB 1:1 showed the least favorable anti-plasmodial
activity, therefore, it was not included in the subsequent toxicity assessment. A modified
version of Lorke’s acute toxicity method was employed (Fig 3.2). In this method, various
doses of test drugs were administered to the Balb/c mice. Methylene blue was administered
at 10 mg/kg, a dose which suppressed Plasmodium berghei by 80% (Dormoi and Pradines,
2013). Astemizole was also administered at 10 mg/kg, a safe dose which suppressed
Plasmodium by 80% (Jong-Hwa et al., 2008; Chong et al., 2006). Further, the drug
combinations were administered at a dose of 10 mg/kg, the initial dose in Lorke’s toxicity
test (Chinedu et al., 2013). The drugs were administered via the intraperitoneal route on

the body cavity (Plate 3.2).
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Plate 3.2: Intraperitoneal administration of test drugs on body of Balb/c mouse
The toxicity test was carried out for 48 hours using Lorke’s method (Chinedu et al., 2013).
During this period, the clinical symptoms, as well as the behavior patterns of the mice,
were recorded. Parameters such as body weight of mice, the amount of food and water
consumed and the colors of fur, eyes, ears, skin, and tails were recorded (Appendix V and

V).

After 48 hours, the mice were euthanized using CO2. To do this, each mouse was placed
in a CO2 chamber until it became immobile. The mice were then moved to the operating
tray where they were dissected. Cardiac puncture was done to collect whole blood from

the mice using 25 G needle and 1 ml syringes. The whole blood was then transferred into
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EDTA (BD) vacutainer tubes and 2 ml Eppendorf tubes. Blood in the Eppendorf tubes was
left to stand for 30 minutes. Applicator sticks were used to dislodge the pellet of coagulated
blood to maximize the serum to be collected. The Eppendorf tubes were allowed to stand
for another 10 minutes, after which, the serum was transferred into other labeled Eppendorf
tubes. The serum was then stored at -20°C until required for use in biochemical analysis.
The organs (heart, lungs, spleen, liver, kidneys, and brain) were harvested. Gross pathology
of each animal was conducted in which the organs were weighed and their appearance was

observed and recorded (Appendix VII).

3.10.1 Hematological tests

Prior to analyzing the blood, it was ensured that the blood mixed well with the EDTA by
placing the collections tubes on a roller mixer (MS113). The blood while still in the tubes,
was loaded into a hematology analyzer (Sysmex XE-5000, Kobe, Japan). The machine
provided an analysis of the blood profile to show if the test drugs had any impact on the

blood. Hence, it provided information on the safety of the test drugs.

3.10.2 Biochemical tests

The collected serum was thawed in a water bath set at 37°C and analyzed using a chemical
analyzer (Humalyzer 2000). From the serum, aspartate aminotransferase, alanine
aminotransferase and total protein activity tests were conducted to provide information on
the biochemical profiles which in turn provided information on the safety and toxicity of

the test drugs.
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3.10.2.1 Assay of aspartate aminotransferase activity

To perform this test, a GOT (ASAT) IFCC Liquiuv humazym test kit (Human diagnostics
worldwide) was used. The substrate from this kit (2 ml) was added to 8 ml of the buffer
and mixed thoroughly. From this solution, 1 ml was transferred into a 14 ml tube. Pre-
thawed sample serum (100 pl) was added to the 14 ml tube. Each sample was analyzed

separately through the chemical analyzer (Humalyzer 2000).

3.10.2.2 Assay of alanine aminotransferase activity
The alanine aminotransferase assay was conducted using a GPT (ALAT) IFCC modified
Liquiuv humanzym test kit (Human diagnostics worldwide). From the test kit, 2 ml of the
substrate was added to the entire bottle of the buffer solution (8 ml) and mixed thoroughly.
Next, 1 ml of this solution was transferred to a 14 ml tube. The test serum added to the
solution. This was then loaded in the chemical analyzer (Humalyzer 2000). Each sample

was analyzed separately.

3.10.2.3 Assay of Total Protein Activity

To analyze the amount of total protein in the mice serum, a liquicolour photometric
colorimetric test kit (Human diagnostics worldwide) was used. From the kit, 20 pl of the
standard solution was pipetted into a 14 ml tube. The test serum (20 pl) was transferred
into a separate 14 ml tube. To both tubes, 1000 ul of the reagent was added. The tubes
were left to stand at room temperature for 10 minutes. Meanwhile, the absorbance of the

blank (tap water) was measured using the chemical analyzer (Humalyzer 2000). After, the
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standard solution was loaded into the machine and its absorbance measured. In a similar
manner, the absorbance of the serum samples was measured. The absorbance values were
an indicator of the amount of aloumin and globulin in the serum. Any anomaly in the values
was attributed to kidney and liver disorders. This provided information on the safety of the

test drugs.

3.11 Data analysis

Non-linear regression from Graph Pad Prism 7 (San Diego, CA) software, was used to
determine the Inhibitory concentration (ICso) of the drugs activity in vitro. Subsequently,
the 1Cso values were used to calculate Fractional Inhibitory Concentration (FIC) values
which in turn, provided information on the drug interactions. Additionally, isobolograms
of the test drugs against the Plasmodium falciparum strains were plotted using the fixed

dose ratio method in Microsoft Excel 2013.

Comparison of means of the measured values in treatment and the control groups in the in
vivo toxicity assays were analyzed by ANOVA and adjusted with a Tukey Post Hoc test
(SPSS 20). Differences were considered significant if the P values were less than 0.05 (p<
0.05) and the F values were greater than 2.70. All measurements were expressed as mean

+ standard error of mean.

3.12 Ethical consideration

Ethical clearance was sought from the Institutional Scientific Ethical Review Committee
(ISERC) at IPR (ISERC/09/2017), which reviews all research protocols carried out in the

institute. This committee is mandated by the National government through the National
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Commission of Science and Technology (NACOSTI) to review all scientific protocols
involving animals for research. The Institute of Primate Research is an Association of
Assessment and Accreditation of Laboratory Animal Care (AAALAC) accredited center
(Appendix I). Authorization to conduct the research was also sought from The Graduate

School, Kenyatta University (Appendix I1).
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CHAPTER FOUR

RESULTS

4.1 Optimization of Culturing of Plasmodium falciparum strains

Both Plasmodium falciparum 3D7 and W2 parasites exhibited an increase in the level of
parasitemia (parasites/pl blood) from day 0 of culturing to day 11. The optimum growth
was observed on day 11 for both Plasmodium strains (9.20 x 10° per ul blood and 6.96 x
10° per pl blood for P. falciparum 3D7 and W2 respectively). After day 11 post culture,
the parasitemia of both strains dropped drastically to zero by day 18 (Fig 4.1).
Furthermore, Plasmodium falciparum 3D7 had a growth rate of 5.2-fold and Plasmodium

falciparum W2 had growth rate of 5.0-fold from day 0 to day 11 post culture.
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Figure 4.1: Parasitemia at optimum growth for 3D7 and W2 Plasmodium falciparum
strains.
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4.2 Anti-plasmodial efficacy of astemizole and methylene blue combination therapy
drug against P. falciparum 3D7 and P. falciparum W2

The results of assays of astemizole, methylene blue and their various combinations against
Plasmodium falciparum 3D7 strain showed that all drugs had anti-plasmodial activity. In
comparison with the negative control at 125 pg/ml, all the test drugs produced lower
parasitemia but MB alone caused the highest reduction in parasitemia (6.90 x 10* per pl
blood) and AST caused the least reduction (9.2 x 10* per pl blood). At 62.5 pg/ml, AST-
MB 1:1 caused the least reduction in parasitemia (4.10 x 10* per pl blood) and AST caused
the least (9.5 x 10* per pl blood). At 31.25 pg/ml, AST-MB 3:1 caused the highest reduction
in parasitemia (4.10 x 10* per pl blood) and AST-MB 1:1 caused the least (11.2 x10 x 10*

per ul blood).

Further, at the concentration of 31.25 pg/ml, it was observed that the parasitemia of AST-
MB 1:1 against P. falciparum 3D7 was 1.1-fold that of the negative control and this made
it the least efficacious test drug combination. At 15.63 pg/ml, AST-MB 3:1 caused the
highest reduction in parasitemia (3.0 x 10* per pl blood) and MB alone caused the least
(8.9 x 10* per pl blood). At 7.81 pg/ml, AST-MB 3:1 caused the most reduction in
parasitemia (4.0 x 10 per pl blood) and AST-MB 1:1 caused the least (8.1 x 10 per pl

blood), (Fig 4.2).

In spite of this, noteworthy differences were only noted for MB alone treatment (7.81
pg/ml) (F=8.439, df=2, p=0.0012), AST-MB 3:1 treatment (31.25 pg/ml) (F=8.439, df=2,

p=0.0017) and AST-MB 1:1 (31.25 pg/ml) (F= 8.439, df=2, p=0.0013).
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Overall, the most efficacious drug combination against Plasmodium falciparum 3D7 was

AST-MB 3:1 at 31.25 pg/ml. At this concentration, there was 51% parasite suppression.
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Figure 4.2: Parasitemia of astemizole-methylene blue drug combinations against

Plasmodium falciparum 3D7 strain

Similarly, all the test drugs showed anti-plasmodial activity against Plasmodium
falciparum W2 strain (Fig 4.3). At various concentrations, the test drugs showed variations
in efficacy in comparison to the controls. At 125 pg/ml, AST-MB 1:3 and 3:1 caused the

highest reduction in parasitemia (both 2.0 x 10* per pl blood) and the least reduction was
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caused by AST-MB 1:1 (6.10 x 10*per pl blood ). At 62.5 pg/ml, AST-MB 3:1 caused the
highest reduction in parasitemia (2.9 x 10* per pl blood) and the least was observed in the
AST-MB 1.3 plate. At 31.25 pg/ml, AST-MB 1:3 caused the highest reduction in
parasitemia (1.7 x 10* per pl blood) and the least was observed in the AST-MB 1:1 plate
(4.9 x 10* per pl blood). At 15.63 pg/ml, AST alone caused the highest reduction in
parasitemia (4.9 x 10* per pl blood) and the least was noted in the AST-MB 1:1 plate. It
was also observed that AST-MB 1:1 had a parasitemia that was 2-fold higher than that of
the negative control. At 7.81 pug/ml, AST-MB 1:1 treatment showed the greatest reduction
in parasitemia (5.5 x 10* per pl blood) and the least reduction was MB alone (8.4 x 10* per

pl blood).

However, significant differences were observed with MB alone treatment (31.25 pg/ml)
(F=5.428, df=2, p=0.0029), AST-MB 3:1 treatment (62.5 pg/ml) (F=5.428, df=2,
p=0.0029), AST-MB 1:1 treatment (15.63 pg/ml) (F=5.428, df=2, p=0.0012) and AST-
MB 1:3 treatment (31.35 pg/ml) (F=5.428, df=2, p=0.0035) in relation to the negative

control.

Overall, the most efficacious treatment against Plasmodium falciparum W2 strain was
AST-MB 1:3 at 31.35 pg/ml. At this concentration, AST-MB 1:3 suppressed the parasite

load by 53%.
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Figure 4.3: Parasitemia of astemizole-methylene blue drug combinations against
Plasmodium falciparum W2

4.2.1 Inhibitory concentration 50 (ICsp) for drugs against P. falciparum 3D7 and W2

strains

The 1Cso values of AST-MB combinations against P. falciparum 3D7 were higher than the
ICs0 of methylene blue alone and Coartem (Table 4.1). A significant difference was
observed between methylene blue alone and AST-MB 1:3 (F=9.036, df=2, p=0.030). In
comparison to the 1Cso value of astemizole alone, AST-MB 1:1 and 3:1 drug combinations
had higher ICso value than that of astemizole alone, however, these differences were

statistically insignificant (F=9.036, df=2, p=1.000, and p=1.000 respectively). Astemizole-
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methylene blue 1:3 had a lower ICso value than astemizole but this was statistically
insignificant (F=9.036, df=2, p=0.099). All the test drugs; astemizole alone, methylene
blue alone and the drug combinations had 1Cso values that were higher than those of
Coartem against P. falciparum 3D7. Significant differences were observed in astemizole
alone, AST-MB 1:1 and AST-MB 1:3 (F=9.036,df=2, p=0.033, p=0.031 and p=0.001
respectively). The results also showed that AST-MB 3:1, at a concentration of 31.25ug/ml,
was the most efficacious drug combination against P. falciparum 3D7 strain in comparison

to Coartem. This difference was statistically significant (F=9.036, df=2, p=0.045).

In the drug assay against P. falciparum W2 strain, the I1Cso values of AST-MB combinations
were higher than the ICso of methylene blue alone (Table 4.1). The I1Cso values of AST-
MB drug combinations were all higher than those of astemizole alone except AST-MB 1:3
which had a lower but it was statistically insignificant ICso value (F= 27.478, df=2,
p=0.200). AST-MB 1:1, AST-MB 3:1 had higher 1Cso values than the positive control and
the differences were statistically significant (F= 27.478, df=2, p= 0.001 and p=0.008
respectively). AST-MB 1:3, at a concentration of 31.25 pg/ml, was the most efficacious
drug combination against P. falciparum W2 strain in comparison to Coartem. However,
this difference was statistically insignificant

(F=27.478, df=2, p=0.980).
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Table 4.1: Drug ICso values

Drug Inhibitory concentration 50 Inhibitory concentration
(1Cs0) (pg/ml) 50 (I1Cso) ( pg/ml)
P. falciparum 3D7 P. falciparum W2
Methylene blue 17.96+0.22 7.69+0.43
Astemizole 23.12+0.30 23.55+0.26
Astemizole-methylene blue 1:1 23.25+0.66 29.23+0.84
Astemizole-methylene blue 1:3 34.16+0.37 15.07+0.60
Astemizole-methylene blue 3:1 22.28+0.24 26.14+0.46
Coartem 7.15+0.24 16.56+0.30

4.2.2 Fraction inhibitory concentration (FIC) of astemizole-methylene blue against

P. falciparum 3D7 and W2

The FIC values show the interaction between the drug combinations (Appendix 1V) and
(Table 4.2). From the results obtained, the level of antagonism varied between
combinations in the drug assays. In the assays against Plasmodium falciparum 3D7, AST-
MB 1:3 combination had the highest FIC value (3.4) and AST-MB 3:1 had the least (2.2).
Therefore, AST-MB 1:3 exhibited the highest antagonism in comparison to AST-MB 3:1.
For Plasmodium falciparum W2 strain, AST-MB 1:1 drug combination had the highest
FIC value (5.0) while AST-MB 1:3 had the least (2.6). Therefore, AST-MB 1:1 showed

the highest antagonism compared to AST-MB 1:3.

In summary, in drug assays of astemizole-methylene blue drug combinations against
Plasmodium falciparum 3D7 and W2 strains, the least antagonistic combinations were

AST-MB 3:1 and AST-MB 1:3 respectively.
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Table 4.2: The fractional inhibitory concentrations (FIC) of the drugs

Drug FIC value Interaction FIC value Interaction
(Hg/ml) (Mg/ml)

P. falciparum P. falciparum

3D7 W2
Astemizole- 2.3 Slightly 5.0 Antagonistic
methylene blue 1:1 antagonistic
Astemizole- 34 Slightly 2.6 Slightly
methylene blue 1:3 antagonistic antagonistic
Astemizole- 2.2 Slightly 4.5 Antagonistic
methylene blue 3:1 antagonistic

According to Te Dorsthorst et al., (2002), the cut-offs for drug interactions are, if values

are <1 synergistic, 1> and <2 additive, 2> and <4 slightly antagonistic, > 4 antagonistic.

To illustrate these interactions, isobolograms (diagrams showing the drug combination
interactions against individual drugs), were plotted to show the FIC values of the
combinations against the FIC values of the individual drugs. The isobologram of the drug
combinations against Plasmodium falciparum 3D7 shows that all the drug combinations
fall within the antagonism region (Fig 4.4 A). Similarly, the isobologram of the drug
combinations against Plasmodium falciparum W2 showed that all the drug combinations

were antagonistic (Fig 4.4 B).
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Figure 4.4: Isobolograms of the drug combinations interactions against Plasmodium

falciparum 3D7 (A) and Plasmodium falciparum W2 (B)

4.3 Acute Toxicity Assessment

Throughout the acute toxicity assessment over 48 hours, no mortality was observed.
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4.3.1 Observation of Clinical Symptoms
Recording of clinical symptoms was essential in drug safety assessments as they showed
variations of the treated Balb/c mice and the non-treated (control). As such, abnormalities

were attributed to drug effects (Apppendix V).

Between 0-2 hours, mice from all the groups decreased in body weight (Fig 4.5). The least
change in body weight was recorded in the MB alone group in which there was no change
and the greatest change was recorded in the AST alone group. However, these changes in
body weight were less than those recorded in the control group. Between 2-26 hours, mice
from all the groups increased in body weight except the AST alone treated group which
showed a decrease in body weight. Between 26-28 hours, the body weights of all the
treatment groups decreased. The body weights of MB alone and AST-MB 3:1 treatment
groups increased between 28 and 48 hours whereas the weights in the AST alone and AST-
MB 1:3 decreased (Appendix VI). However, this increase in weight was more than that in
the control group. Statistically, there was a noteworthy difference in the MB alone treated

group ( F= 3.533, df=4, p=0.013).
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Figure 4.5: Changes in body weight (g) of Balb/c mice 48 hours post drug
administration

The results also showed that the amount of pellets left after consumption decreased
between 0-48 hours post drug administration (Fig 4.6). The highest decrease in food
consumed was observed in the AST-MB 3:1 treatment groups and the least was in the MB
only group. Between 0-4 hours, mice from all the treatment groups did not consume many
pellets. A dramatic decrease in pellets left after consumption was observed between 4-24
hours in the treatment groups. The difference in food left after consumption within each
treatment group was low between 24-28 hours. Another dramatic decrease in food left
after consumption was observed between 28-48 hours (Appendix VI). However, these

differences were not statistically significant (F= 1.059, df=4, p=0.464).
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Figure 4.6: Weight of pellets left after consumption by Balb/c mice between 0-48
hours post drug administration

Also, the results showed that the amount of water consumed by each group decreased from
0-48 hours post drug administration (Fig 4.7). The highest decrease in water consumed was
in the AST-MB 3:1 (Appendix V1) and the least was in the MB alone treatment groups.

However, these differences were not statistically significant (F= 0.077, df=4, p=0.997).
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Figure 4.7: Remaining Water after Consumption (ml) by Balb/c Mice between 0-48
hours

The results showed that Balb/c mice from all the treated groups clustered to one end of the
cage between 0-24 hours post drug administration. Furthermore, the mice in the AST alone
were observed to have minor tremors. However, between 24-48 hours, the mice in the

treated groups began to exhibit normal behavior.

Change in urine color and pH were also observed. In the MB alone group, the urine color
was blue and in the drug combination groups, it was blue-green between 0-24 hours. The
urine color in both the MB alone group changed from blue to blue-green and that in the
combination group changed from blue-green to green, between 24-48 hours. However, in

the AST only group, the urine color was normal (umber) both between 0-24 hours and 24-
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48 hours. Despite the differences in color, the pH of the urine in all the groups ranged from
5 to 8. Furthermore, blue color was observed in the eyes, ears, skin and tails and mouths
of the mice in the MB alone and the drug combination groups between 0-24 hours post
drug administration (Plate 4.1). However, the eyes, ears, skin, and tails in these groups
regained their normal color between 24-48 hours post drug administration (Plate 4.2). The
eyes, ears, skin and tails and mouths of mice in the AST alone group retained their normal
color both between 0-24 hours and 24-48 hours. The fur remained normal throughout the
48 hours in all the treated groups. The stool was normal and formed except in the AST-
MB 3:1 treatment group after 26 hours, loose stool with mucus was observed in 2 mice.
Also after 26 hours, formed blue stool was observed in 2 mice in the AST-MB 1:3 treatment

group.

Plate 4.1: Photograph of blue eyes observed in Balb/c mice from MB alone and drug
combination groups between 0-24 hours post drug administration
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f.

Plate 4.2: Photograph of the tail (A) and skin exposed by shaving off fur (B)
observed in Balb/c mice 0-24 hours post drug administration

4.3.2 Biochemical analysis

This analysis provided information on the biochemical functions (liver, kidney, and heart)
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of Balb/c mice from treated groups after 48 hours post drug administration.

The levels of alanine aminotransferase enzyme in the serum of the Balb/c mice from all the
treated groups (67.6 U/L for AST, 86.8 U/L for MB, 84.5 U/L for AST-MB 1:3 and 43.4
U/L for AST-MB 3:1) were less than that in the negative control group (124.2 U/L) (Fig
4.8). Among the treatment groups, the highest level of alanine aminotransferase was in the
MB alone group (86.8 U/L) and the least was in the AST-MB 3:1 group (43.4 U/L). In
spite of these variations in measurements, significant differences were only noted in the

AST-MB 3:1 group (F= 4.476, df=4, p=0.046).
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Figure 4.8: Mean alanine aminotransferase levels (U/L) of treated and control groups

after 48 hours

The results also showed that aspartate aminotransferase levels in serum of mice in the

treatment groups were lower (113.9 U/L for AST, 276.4 U/L for MB, 142.0 U/L for AST-
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MB 1:3and 165.6 U/L for AST-MB 3:1) as compared to the negative control group (289.8
U/L) (Fig 4.9). Among the treatment groups, the highest aspartate aminotransferase level
was in the MB alone group (276.4 U/L) and the least in the AST group (113.9 U/L).

However, these differences were not significant (F= 1.762, df=4, p = 0.273).
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Figure 4.9: Mean aspartate aminotransferase levels (U/L) of treated and control
groups after 48 hours

The total protein levels in the serum from all the treatment groups were higher than in the
negative control group (15.4 g/dL for AST, 17.7 g/dL for MB, 16.6 g/dL for AST-MB 1:3
and 14.4 g/dL for AST-MB 3:1) and 12.9 g/dL in the control groups (Fig 4.10). In the
treatment groups, the highest total protein level was in the MB alone group (17.7 g/dL) and
the lowest level was in the AST-MB 3:1 treatment group (14.4 g/dL). However, these

differences were not significant (F= 0.282, df=4, p= 0.878).
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Figure 4.10: Mean total protein levels (g/dL) of serum in treated and control groups
after 48 hours

4.3.3 Assessment of hematological parameters

Hematological parameters provided information on the overall profile of the blood with
regard to each blood component 48 hours post drug administration. A decrease in white
blood cell counts, mean corpuscular hemoglobin and platelet levels was observed to in

the treatment groups in comparison to the negative control.

The white blood cell count showed that all the treated groups had lower counts (3.2 x 10%/ul
for AST, 3.4 x 10%/ul for MB, 4.9 x 10%/ul for AST-MB 1:3 and 4.9 x 10%/ul for AST-

MB 3:1) in comparison to the count in the control group ( 5.5 x 10%/ul) (Fig 4.11). Between
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the treated groups, AST-MB 1:3 and AST-MB 3:1 groups had equal as well as the highest
white blood cell counts (4.9 x 10%/ul) and AST alone group had the lowest white blood cell
counts (3.2x10%/ul). However, these differences were not statistically significant (F=, df=4,

p=0.600).

Figure 4.11: Mean white blood cell count (x 10%/pl) of treated and control groups after
48 hours

The mean platelet volume of the mice from all the treated groups treated group were lower
(569 x 10%/ul for MB, 906 x 10%/ul for AST-MB 1:3 and undetectable for AST-MB 3:1)
as compared to the value in the control group (1099 x 10%/ul). However, the platelet volume
in the AST alone group was higher (1517 x 10%/ul) than that in the control group (Fig 4.12).
In spite of this, significant differences were only notable in the AST-MB 3:1 treated group

(F= 27.40, df=4, p=0.005).
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Figure 4.12: Mean platelet volume (x 10%/ul) of mice from treated and control
groups

The mean corpuscular hemoglobin (MCH) levels were lower ( 16.95 pg for AST, 23.86 pg
for AST-MB 1:3 and 17.21 pg for AST-MB 3:1) in all the treatment groups as compared
to the control (25.82 pg) except in the MB alone group in which the level was higher (31.61
pg) (Fig 4.13). Among the treatment groups, AST-MB 3:1 group, had the lowest mean
corpuscular hemoglobin (16.95 pg). However, the differences were not statistically

significant (F= 10.69, df=4, p=0.083).
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Figure 4.13: Mean corpuscular hemoglobin (pg) of mice from treated groups

It was also observed that the red blood cell counts, hemoglobin levels and hematocrit levels
were high in the mice to which the test drugs had been administered as compared to the

control group.

The results showed that the number of red blood cells from all the treated groups were
higher (7.92 x 10%ul for AST, 7.07 x 10%/ul for AST-MB 1:3 and 82 x 105/ul for AST-
MB 3:1) than those in the control group (5.09 x 10%ul). However, the red blood cell count
in the MB alone group was lower than that in the control group (4.18 x 10%/ul) (Fig 4.14).
In the treated groups, the highest red blood cell count was in the AST-MB 3:1 group and

the least was observed in the MB only group. In spite of this, the differences were not
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statistically significant (F= 2.528, df=4, p=0.168).
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Figure 4.14: Mean red blood cell count (x 10%/ul) of treated and control groups after
48 hours

The hematocrit levels in the treatment groups were higher (36. 56 % in AST, 31.13% for
AST-MB1:3 and 35.42% in the AST-MB 3:1) than those in the control group (22.95%).
However, the hematocrit levels in the MB alone group were less than those in the control
group (20.10%) (Fig 4.15). The highest hematocrit level was in the AST-MB 3:1 treated
group and the least was in the MB alone group. The differences between the treatment

groups and control groups were statistically insignificant (F= 1.435, df=4, p=0.345).
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Figure 4.15: Mean hematocrit (%) of treated and control groups after 48 hours

The results showed that the hemoglobin concentration in all the treatment groups was
higher (13.4 g/dL for AST, 16.7 g/dL for MB, 16.8 g/dL for AST-MB 1:3 and 14.1 g/dL
for AST-MB 3:1) than that in the control group (13.1 g/dL) (Fig 4.16). Between the
treatment groups, the AST-MB 1:3 group showed highest hemoglobin levels (16.8 g/dL)

and the least was in the AST alone group (13.4 g/dL. The differences were not significant

(F= 1.121, df=4, p=0.440).
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Figure 4.16: Mean hemoglobin concentration (g/dL) of treated and control groups
after 48 hours

4.3.4 Gross pathology of Balb/c mice harvested organs

Gross pathology involved the macroscopic observation of Balb/c mice and their organs
(Appendix VII). It provided a general overview of the drug effects on the organs. The
color, shape, and weight of the organs were recorded. The harvested organs included the

heart, liver, kidneys, spleen, lungs, and brain.

There was no difference in the color and shape of the harvested organs from the treatment

groups and those from the control groups (Plate 4.3).
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Treatment groups Control group

Plate 4.3: Harvested organs from treatment and control groups. A Spleen, B-
Kidneys, C-Brain, D- Heart, E- Lungs, F- Liver
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However, the skin of the Balb/c mice was stained blue from the methylene blue alone and
the drug combinations. The blue color was more concentrated at the point of drug
administration (Plate 4.4). The intestines were also noted to have a blue color. However,

all organs were intact and in their appropriate positions.

Blue color on skin
at point of
injection

A

Plate 4.4: Photograph of sacrificed Balb/c mouse showing the blue discoloration of
skin at the point of drug administration

Further, the weights of the harvested organs of mice from treated and control groups were
taken after 48 hours (Table 4.3). The mean weights of the all the organs were less than
those in the control group except the mean spleen weight of the AST alone treated group

(F= 8.967, df=4, p=0.999), mean weight of lungs of the AST alone and AST-MB 3:1
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treated groups (F= 1.239 df=4, p=0.999 and F= 1.239 p=1.000 respectively), and the mean

weights of the brain of the AST alone treated groups (F= 1.372, df=4,p=0.826). These

differences were not statistically significant.

The mean heart weight of the AST-MB 3:1 group (0.100 + 0.008 g) was less that in the

control group (0.136 + 0.008g) and also the AST-MB 1:3 combination and the AST alone

and MB alone groups. This was statistically significant (F= 8.967, df=4, p=0.007). Also,

the mean weight of the liver in the AST-MB 3:1 treated group was less ( 1.002 + 0.075 g)

than that of the control group ( 1.296 = 0.075 g) and also the AST-MB 1:3 combination

and the AST alone and MB alone groups and this was significantly different (F= 4.339,

df=4, p=0.001).

Table 4.3: Weights (Mean + SEM g) of harvested organs from treated mice

Organ MBalone  ASTalone AST-MB AST-MB Control P
(1:3) (3:1) value
MEAN=+SEM, n=5
Heart  0.128+0.008 0.132+0.008 0.141+0.008 0.100+0.008* 0.136+0.008 0.007
Liver  1.144+0.075 1.114+0.075 1.2174£0.075 1.002+0.075* 1.296+0.075 0.001
Kidney 0.344+0.034 0.358+0.034 0.343+0.034 0.372+0.034 0.372+0.034 0.854
Spleen 0.723+0.016 0.099+0.016 0.090+0.016 0.106+0.016 0.095+0.016 0.298
Lung 0.154+0.016 0.179+0.016 0.166+0.016 0.170+0.016 0.167+0.016 0.326
Brain  0.376+£0.037 0.458+0.037 0.397+0.037 0.404+0.037 0.419+0.037 0.279

Statistically significant * (ANOVA, df=4)
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CHAPTER FIVE

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 Discussion

5.1.1 Optimization of culturing conditions of Plasmodium falciparum of 3D7 and W2
Plasmodium falciparum 3D7 had a growth rate of 5.2-fold and Plasmodium falciparum W2
had growth rate of 5.0-fold from day O to day 11 post culture. The parasites grew in culture
at different rates despite both being cultured under the same conditions. These conditions
were: parasites were cultured with O+ human red blood cells, supplemented with 10%
human blood serum and RPMI 1640 and aerated with a special gas mixture of 5% O2, 5%
CO2 and 90% N2 and incubated at 36.8 °C for 48 hours. These results concur with findings
of a study by Murray et al. (2017) in which it was observed that multiplication rates differ
among P. falciparum parasite strains. In spite of this, similar growth traits were observed

in which both strains showed an increase in parasitemia from day 0 to day 11 post culture.

During this culturing period, it was observed that the parasite cultures had a greater
percentage of rings as compared to other stages after every 48 hours. This meant that the
parasite cycle had begun again and so the growth pattern was normal. After day 11 post
culture, the parasitemia in both strains began to decrease and eventually, the parasites
ceased to grow after day 18 post culture. During this period, it was observed that the
majority of the parasites had not penetrated the red blood cells. This thus interfered with
the growth rate. This was similar to previous observations by Chotivanich et al. (2000)
whereby the findings showed that multiplication rates are dependent on factors such as

intra-erythrocyte cycle and erythrocyte invasion.
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5.1.2 Anti-plasmodial efficacy of treatment drugs against Plasmodium falciparum

3D7 and W2

Astemizole (AST) alone showed potency against the parasites and this concurred with
findings by (Nzila et al., 2011). Methylene blue (MB) alone also had anti-plasmodial
activity against both  Plasmodium strains as previously observed by
Suwanarusk et al. (2015). The anti-plasmodial activity was demonstrated by the
parasitemia of the parasites of astemizole alone and methylene blue alone being lower than
those in the negative control. This implied that astemizole alone and methylene blue alone
suppressed the growth of the parasites. Also, the drug combinations , astemizole-methylene
blue 1:1,1:3 and 3:1 had parasitemia that was lower than that in the negative control against

both parasite strains and so, also showed anti-plasmodial efficacy.

However, the inhibitory concentration 50% (ICso) values of the drug combinations against
Plasmodium falciparum 3D7, were higher than that of Coartem, the current drug of choice
against malaria, implying that the drug combinations were less effective than the Coartem
(Pinheiro et al., 2018). Furthermore, the results of the fractional inhibitory concentration

(FIC), showed that the drug combination interactions were antagonistic.

Likewise, the 1Cso values of the drug combinations except AST-MB 1:3 (15.07+0.60
pg/ml) were higher than that of Coartem (16.56+£0.30 pg/ml) against Plasmodium
falciparum W2 strain. This therefore revealed that AST-MB 1:1 and AST-MB 3:1 were
less effective than Coartem. The FIC values of the drug combinations also the drugs

interacted antagonistically. In spite of AST-MB 1:3 having a lower IC so value than
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Coartem, the difference was insignificant. Although this was the case, the drug
combinations, including AST-MB 1:3 were still antagonistic. Therefore, the drug
combinations cannot be used to treat malaria caused by Plasmodium falciparum W2 strain.
It was observed that astemizole, had the least efficacy against both parasite strains in
comparison to methylene blue. This suggests that astemizole may have suppressed
methylene blue in vitro. The drug combinations would therefore not be ideal for treating

malaria caused by Plasmodium falciparum 3D7 strain.

5.1.3 Acute toxicity assessment of astemizole-methylene blue combination in Balb/c

mice

The results showed that all the drugs, except MB alone, did not affect the body weight of
the mice. In the MB alone group, the weight of the mice decreased. The weight of the
remaining pellets after 48 hours, was the highest in the MB alone group. This suggests that
the decrease in body weight was a result of anorexia. Variations in body weight are
attributed to food (appetite) and water consumption as well as behavior (Ellacott et al.,
2010). Throughout the 48 hours, the mice in the treated groups clustered together on one
end of the cage and showed signs of lethargy. As a result, they did not consume much
water and food. The group to which astemizole alone was administered, minor tremors
were noted, concurring with a previous observation by Riordan et al., (2002) in which
tremors were observed in mice where astemizole had been administered. Astemizole
causes long QT syndrome (Wisniowska et al., 2016). Tremors are one of the symptoms of
long QT syndrome (Sadrnia et al., 2013). But between 24-28 hours, the mice in the

treatment groups all began to exhibit normal behavior. This was because the drugs may
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have worn off (half-life of MB 5-6 hours and AST 24 hours)

The skin, snout, and tail became blue of the methylene blue alone and drug combination
groups. The urine and stool of the mice in the drug combination groups was blue-green.
In the methylene blue alone group, the urine was blue, similar to what was observed by
Prakash et al. (2017). The urine of the in the drug combination groups was blue-green, a
lighter shade of the blue observed in the MB alone group. However, the blue and blue-
green colours are self-limiting and are not harmful (Oz et al., 2011). AST in the drug
combinations may have decreased the intensity of the characteristic blue color of
methylene blue. This reduction in the blue color intensity was a result of a reduction-
oxidation reaction. As was illustrated in previous studies, in the presence of glucose,
methylene blue is colorless (reduced form) and is blue in its oxidized form (Azmat et al.,
2011). Further, astemizole acts as an anti-oxidant (Zhang et al., 2017). This means that
astemizole would favor the formation of the colorless form of methylene blue. However,
achieving the colorless form is highly dependent on the concentration. In this study,

however, only a reduction in color intensity was observed.

The alanine aminotransferase level was low in the AST-MB 3:1 group. Alanine
aminotransferase is an enzyme that catalyzes the amino acid to produce oxaloacetate which
plays an important role in energy generation. It is mostly found in the liver but considerable
concentrations can be found in the kidneys, heart and skeletal muscles (Kim et al., 2008).
The low level of this enzyme in the AST-MB 3:1 group, indicates that there was a liver,
abnormality. However, the level of aspartate aminotransferase, an enzyme that aids in

gluconeogenesis and amino acid metabolism by catalyzing the transfer of amino groups
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(Kunutsor et al., 2014), in was normal in all groups. The enzyme is predominately found
in the heart and liver. This therefore shows that the liver could be the organ that was

affected by the AST-MB 3:1 combination.

Total protein, is a measure of the amount of albumin and globulin. The results showed that
the groups had normal total protein levels. Therefore, the amount of albumin and globin in
the mice was normal. The levels of alanine aminotransferase, aspartate aminotransferase
and total protein indicate that the drugs except AST-MB 3:1, did not have an impact on the
biochemistry of the mice. The AST-MB 3:1 treatment reduced the amount of alanine
aminotransferase in the mice. This revealed that AST-MB 3:1 drug combination may have

caused liver abnormality.

The AST-MB 3:1 treatment also caused platelets to decrease to below detectable levels in
the mice. This suggested that AST-MB 3:1, induced thrombocytopenia in the mice. This
observation concurs with findings by Visentin and Liu (2007) who observed very low
platelet counts and attributed this to drugs administered. Antihistamines, astemizole

inclusive, interfere with the structural components of plasma (Petrikova et al., 2006).

Gross pathology of the harvested organs (spleen, liver, lungs, heart, kidneys and the brain)
from all treatment groups showed that all organs had normal color. Some differences were
noted in the heart and liver weights. The AST-MB 3:1 treatment was associated with lower
mean heart and liver weights of the mice. Lower weight of the liver could occur as a result

of toxicological changes within the organ (Jong-Hwa et al., 2008). This notion is supported
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by the value of alanine aminotransferase which was less than that of aspartate

aminotransferase. This concurs with observations by Kim et al. (2008) in which aspartate

aminotransferase levels that were higher than alanine aminotransferase are attributed to

liver abnormalities. Furthermore, in the AST-MB 3:1 group, the mean heart weight was

lower than that in the control group. Astemizole causes heart and liver disorders as

previously observed in a study by Jong-Hwa et al. (2008). This, therefore, suggests that

astemizole in the AST-MB 3:1 drug combination was the main cause of the heart and liver

anomalies in this study.

5.2 Conclusions

The following conclusions were drawn from the study results:

(i)

(i)

Plasmodium falciparum 3D7 and P. falciparum W2 strains without being
cultured with the drugs both had good growth potential under standard
conditions. However, Plasmodium falciparum 3D7 grew slightly faster than P.
falciparum W2 in culture. Both parasites achieved optimum growth potential
at 11 day post culture. The parasites were cultured in human blood
supplemented by RPMI 1640 media, 10% human serum and erythrocytes,

aerated with 5% Oz, 5% CO2 and 90% N2 gas mixture and incubated at 36.8°C).

All the test drugs (AST alone, MB alone, AS-MB 1:1, AS-MB 1:3 and AST-
MB 3:1 showed anti-plasmodial activity against both Plasmodium falciparum
3D7 and W2 strains in vitro. Furthermore, AST-MB 3:1 was the most

efficacious drug combination against P. falciparum 3D7 strain at 31.25 pg/ml
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(51% parasite suppression) whereas AST-MB 1:3 was the most efficacious drug
combination against P. falciparum W2 at 31.25 pg/ml (53% parasite

suppression).

Acute toxicity tests showed that AST alone, MB alone and AST-MB 1:3 groups
did not adversely affect the Balb/c mice. However, AST-MB 3:1 drug

combination caused abnormalities in the liver and heart.

5.3 Recommendations

The study recommends the following:

(i)

(i)

(iii)

Researchers should look into optimizing Plasmodium falciparum 3D7 and P.
falciparum W2 cultures before carrying out drug susceptibility tests to

determine the optimum growth period.

Astemizole and methylene blue drug combinations showed anti-plasmodial
activity but were antagonistic. Therefore, further evaluation could be done
using the same combinations a lower concentrations of astemizole to counter
the effects.

Astemizole and methylene blue 3:1 had some toxic effects to Balb/c mice in
vivo. Therefore, researchers should use combinations in other ratios other than

AST-MB 3:1.
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5.4 Recommendations for further research

(i)

(i)

(iii)

(iv)

Evaluate the effects of drug combinations with astemizole metabolites
(desmethylastemizole and norastemizole) against Plasmodium falciparum

strains.

Evaluation of astemizole-mehylene blue combination therapy at lower

astemizole concetrations.

Histological examination of the harvested Balb/c mice organs from the

astemizole-methylene blue drug combination treated experimental animals.

Analysis of liver and heart to determine the cause of the reduction of the organ

weights.



72

REFERENCES

Abiodun, O. O., Brun, R. and Wittlin, S. (2013). In vitro interaction of artemisinin
derivatives or the fully synthetic peroxidic anti-malarial OZ277 with thapsigargin in
Plasmodium falciparum strains. Malaria Journal, 12(1), 43

Adetutu, A., Olorunnisola, O. S., Owoade, A. O. and Adegbola, P. (2016). Inhibition
of In Vivo Growth of Plasmodium berghei by Launaea taraxacifolia and Amaranthus
viridis in Mice [Research article].

Amantea, D., Certo, M. and Bagetta, G. (2015). Drug repurposing and beyond: the
fundamental role of pharmacology. Functional Neurology, 30(1), 79.

Agnandji, S. T., Lell, B., Soulanoudjingar, S. S., Fernandes, J. F., Abossolo, B. P. and
Vansadia, P. (2011). First results of phase 3 trial of RTS,S/AS01 malaria vaccine in
African children. The New England Journal of Medicine, 365(20), 18631875

Andrews, K. T., Fisher, G. and Skinner-Adams, T. S. (2014). Drug repurposing and
human parasitic protozoan diseases. International Journal for Parasitology. Drugs and
Drug Resistance, 4(2), 95-111.

Arifin, W.N. and Zahiruddin, W. M. (2017). Sample Size Calculation in Animal Studies
Using Resource Equation Approach. The Malaysian Journal of Medical Sciences : MJMS,
24(5), 101-105.

Asante, K. P., Adjei, G., Enuameh, Y. and Owusu-Agyei, S. (2016, June 20). RTS, S
malaria vaccine development: progress and considerations for postapproval introduction.

Autino, B., Noris, A., Russo, R. and Castelli, F. (2012). Epidemiology of Malaria in
Endemic Areas. Mediterranean Journal of Hematology and Infectious Diseases, 4(1).

Azmat, R., Qamar, N. and Naz, R. (2011). A new approach for reduction of methylene
green withascorbic acid by de-oxygenation through carbondioxide. Natural Science,
03(07), 566-572.

Becker, K., Rahlfs, S., Nickel, C. and Schirmer, R. H. (2003). Glutathione--functions
and metabolism in the malarial parasite Plasmodium falciparum. Biological Chemistry,
384(4), 551-566.

Becker, K., Tilley, L., Vennerstrom, J. L., Roberts, D., Rogerson, S. and Ginsburg, H.
(2004). Oxidative stress in malaria parasite-infected erythrocytes: Host—parasite
interactions. International Journal for Parasitology, 34(2), 163-189.

Bountogo, M., Zoungrana, A., Coulibaly, B., Klose, C., Mansmann, U., Mockenhaupt,
F. P. and Mdller, O. (2010). Efficacy of methylene blue monotherapy in semi-immune
adults with uncomplicated falciparum malaria: a controlled trial in Burkina Faso. Tropical
Medicine and International Health, 15(6), 713-717.



73

Ceesay, F. K., Gyasi, R. K., Ndjakani, Y., Adjei, A. A., Lucchi, N. W., Rodney, P. and
Anderson,W.A. (2011). Intermittent Preventive Treatment with Sulfadoxine-
Pyrimethamine against Malaria and Anemia in Pregnant Women. The American Journal
of Tropical Medicine and Hygiene, 85(1), 12-21.

CDC, (2017) Plasmodium life cycle. Prevention, C.-C. for D. C. and. (2019, January 28).
CDC - Malaria - About Malaria - Biology. Retrieved April 4, 2019, from
https://www.cdc.gov/malaria/about/biology/index.html

Chinappi, M., Via, A., Marcatili, P. and Tramontano, A. (2010). On the Mechanism of
Chloroquine Resistance in Plasmodium falciparum. PLOS ONE, 5(11), e14064.

Chinedu, E., Arome, D. and Ameh, F. S. (2013). A New Method for Determining Acute
Toxicity in Animal Models. Toxicology International, 20(3), 224-226.

Chong, C. R., Chen, X., Shi, L., Liu, J. O. and Sullivan, D. J. (2006). A clinical drug
library screen identifies astemizole as an antimalarial agent. Nature Chemical Biology,
2(8), 415-416.

Chotivanich, K., Udomsangpetch, R., Simpson, J. A., Newton, P., Pukrittayakamee,
S., Looareesuwan, S. and White, N. J. (2000). Parasite Multiplication Potential and the
Severity of Falciparum Malaria. The Journal of Infectious Diseases, 181(3), 1206-1209.

Corsello, S. M., Bittker, J. A, Liu, Z., Gould, J., McCarren, P., Hirschman, J. E. and
Golub, T. R. (2017). The Drug Repurposing Hub: a next-generation drug library and
information resource. Nature Medicine, 23(4), 405-408.

Coulibaly, B., Zoungrana, A., Mockenhaupt, F. P., Schirmer, R. H., Klose, C.,
Mansmann, U. and Miller, O. (2009). Strong Gametocytocidal Effect of Methylene
Blue-Based Combination Therapy against Falciparum Malaria: A Randomised Controlled
Trial. PLOS ONE, 4(5), e5318.

Dondorp, A.M, Nosten, F., Yi, P., Das, D., Phyo, A.P. and White, N.J. (2009).
Artemisinin Resistance in Plasmodium falciparum Malaria. New England journal of
medicine, 361(5): 455-467.

Dormoi, J. and Pradines, B. (2013). Dose Responses of Proveblue Methylene Blue in an
Experimental Murine Cerebral Malaria Model. Antimicrobial Agents and Chemotherapy,
57(8), 4080-4081.

Dunyo, S., Sirugo, G., Sesay, S., Bisseye, C., Njie, F., Adiamoh, M. and Milligan, P.
(2011). Randomized Trial of Safety and Effectiveness of Chlorproguanil-Dapsone and
Lumefantrine-Artemether for Uncomplicated Malaria in Children in The Gambia. PLOS
ONE, 6(6), e17371.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dondorp%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19641202
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nosten%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19641202
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19641202
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19641202
https://www.ncbi.nlm.nih.gov/pubmed/?term=White%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=19641202
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19641202
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19641202

74

Ellacott, K. L. J., Morton, G. J., Woods, S. C., Tso, P. and Schwartz, M. W. (2010).
Assessment of feeding behavior in laboratory mice. Cell Metabolism, 12(1), 10.

Fairhurst, R. M. and Dondorp, A. M. (2016). Artemisinin-resistant Plasmodium
falciparum malaria. Microbiology Spectrum, 4(3), 2-18.

Fivelman, Q. L., Adagu, I. S. and Warhurst, D. C. (2004). Modified fixed-ratio
isobologram method for studying in vitro interactions between atovaquone and proguanil
or dihydroartemisinin against drug-resistant strains of Plasmodium falciparum.
Antimicrobial Agents and Chemotherapy, 48(11), 4097-4102.

Fullman, N., Burstein, R., Lim, S. S., Medlin, C. and Gakidou, E. (2013). Nets, spray
or both? The effectiveness of insecticide-treated nets and indoor residual spraying in
reducing malaria morbidity and child mortality in sub-Saharan Africa. Malaria Journal,
12(1), 62.

Garcia-Quiroz, J., Garcia-Becerra, R., Barrera, D., Santos, N., Avila, E., Ordaz-
Rosado, D. and Diaz, L. (2012). Astemizole Synergizes Calcitriol Antiproliferative
Activity by Inhibiting CYP24A1 and Upregulating VDR: A Novel Approach for Breast
Cancer Therapy. PLoS ONE, 7(9), 4-6.

Ginimuge, P. R. and Jyothi, S. D. (2010). Methylene Blue: Revisited. Journal of
Anaesthesiology, Clinical Pharmacology, 26(4), 517-520.

Hedrich, H. J. and Bullock, G. R. (Eds.) (2004). The laboratory mouse. Amsterdam ;
Boston: Elsevier Academic Press.

Hill, A. V. S. (2011). Vaccines against malaria. Philosophical Transactions of the Royal
Society B: Biological Sciences, 366(1579), 2806-2814.

Jong-Hwa, L., Do-Geun, K., Joung-Wook, S., Hyang-Ae, L., Jeong-Hwa, O., Ho-Chul,
S. and Choong-Yong, K. (2008). Assessment of General and Cardiac Toxicities of
Astemizole in Male Cynomolgus Monkeys: Serum Biochemistry and Action Potential
Duration. Toxicological Research, 24(4), 289-295.

Jorge, M. M., Ouermi, L., Meissner, P., Compaoreé, G., Coulibaly, B., Nebie, E. and
Muller, O. (2019). Safety and efficacy of artesunate-amodiaquine combined with either
methylene blue or primaquine in children with falciparum malaria in Burkina Faso: A
randomized controlled trial. PLOS ONE, 14(10), e0222993.

Kabiru, A. Y., Abdulkadir, null, Gbodi, A. T. A., Bello, U. M., Makun, H. A., Amah,
D. J. and Ogbadoyi, E. O. (2013). Evaluation of haematological changes in Plasmodium-
berghei-infected mice administered with aqueous extract of Phyllantus amarus. Pakistan
Journal of Biological Sciences: PJBS, 16(11), 510-516.

Kakolwa, M. A., Mahende, M. K., Ishengoma, D. S., Mandara, C. I., Ngasala, B.,
Kamugisha, E. and Kabanywanyi, A. M. (2018). Efficacy and safety of artemisinin-



75

based combination therapy, and molecular markers for artemisinin and piperaquine
resistance in Mainland Tanzania. Malaria Journal, 17(1), 369.

Karapetyan, Y. E., Sferrazza, G. F., Zhou, M., Ottenberg, G., Spicer, T., Chase, P.
and Lasmézas, C. I. (2013). Unique drug screening approach for prion diseases identifies
tacrolimus and astemizole as antiprion agents. Proceedings of the National Academy of
Sciences, 110(17), 7044-7049.

Kim, W. R., Flamm, S. L., Bisceglie, A. M. D. and Bodenheimer, H. C. (2008). Serum
activity of alanine aminotransferase (ALT) as an indicator of health and disease.
Hepatology, 47(4), 1363-1370.

Klein, S. L., Shann, F., Moss, W. J., Benn, C. S. and Aaby, P. (2016). RTS, S Malaria
Vaccine and Increased Mortality in Girls. MBio, 7(2).

Kumar, M., Okombo, J., Mambwe, D., Taylor, D., Lawrence, N., Reader, J. and
Chibale, K. (2018). Multistage Antiplasmodium Activity of Astemizole Analogues and
Inhibition of Hemozoin Formation as a Contributor to Their Mode of Action.

Kunutsor, S. K., Abbasi, A. and Apekey, T. A. (2014). Aspartate Aminotransferase —
Risk Marker for Type-2 Diabetes Mellitus or Red Herring? Frontiers in Endocrinology, 5,
1-2.

Larsen, D. A., Borrill, L., Patel, R. and Fregosi, L. (2017). Reported community-level
indoor residual spray coverage from two-stage cluster surveys in sub-Saharan Africa.
Malaria Journal, 16, 248-249.

Lau, Y.-Y.,Wong, Y.-S., Teng, T.-T., Morad, N., Rafatullah, M. and Ong, S.A. (2015).
Degradation of cationic and anionic dyes in coagulation-flocculation process using bi-
functionalized silica hybrid with aluminum-ferric as auxiliary agent. RSC Advances, 5(43),
34206-34215.

Lee, D. H.,, Kim, J. W,, Jeon, S. Y., Park, B. K. and Han, B. G. (2010). Proteomic
Analysis of the Effect of Storage Temperature on Human Serum. Annals of Clinical &
Laboratory Science, 40(1), 61-70.

Li, Q., Xie, L., Caridha, D., Roncal, N., Zeng, Q., Zhang, J. and Read, L. (2017).
Comparative Susceptibility of Different Mouse Strains to Liver-Stage Infection with
Plasmodium berghei Sporozoites Assessed Using In Vivo Imaging. Military Medicine,
182(suppl_1), 360—368.

Lotharius, J., Gamo-Benito, F., Angulo-Barturen, I., Clark, J., Connelly, M., Ferrer-
Bazaga, S. and Wells, T. (2014). Repositioning: the fast track to new anti-malarial
medicines? Malaria Journal, 13(1), 143.

Lu, G., Nagbanshi, M., Goldau, N., Mendes Jorge, M., Meissner, P., Jahn, A. and
Muller, O. (2018). Efficacy and safety of methylene blue in the treatment of malaria: A



76

systematic review. BMC Medicine, 16(1), 59. https://doi.org/10.1186/512916-018-1045-3

Lyu, J., Yang, E. J,, Head, S. A., Ai, N, Zhang, B., Wu, C. and Shim, J. S. (2018).
Astemizole Inhibits mTOR Signaling and Angiogenesis by Blocking Cholesterol
Trafficking. International Journal of Biological Sciences, 14(10), 1175-1185.

Mahmoudi, S., and Keshavarz, H. (2017). Efficacy of phase 3 trial of RTS, S/AS01
malaria vaccine: The need for an alternative development plan. Human Vaccines &
Immunotherapeutics, 13(9), 2098-2101.

Matthews H., Usman-ldris M., Khan F., Read F. and Nirmalan N. (2013). Drug
repositioning as a route to anti-malarial drug discovery: preliminary investigation of the in
vitro anti-malarial efficacy of emetine dihydrochloride hydrate. Malaria Journal 12:359.

Mekonnen, S. K., Aseffa, A., Berhe, N., Teklehaymanot, T., Clouse, R. M., Gebru, T.
and Velavan, T. P. (2014). Return of chloroquine-sensitive Plasmodium falciparum
parasites and emergence of chloroquine-resistant Plasmodium vivax in Ethiopia. Malaria
Journal, 13(1), 244.

Meletiadis, J., Pournaras, S., Roilides, E. and Walsh, T. J. (2010). Defining Fractional
Inhibitory Concentration Index Cutoffs for Additive Interactions Based on Self-Drug
Additive Combinations, Monte Carlo Simulation Analysis, and In Vitro-In Vivo
Correlation Data for Antifungal Drug Combinations against Aspergillus fumigatus.
Antimicrobial Agents and Chemotherapy, 54(2), 602—609.

Meissner, P. E., Mandi, G., Coulibaly, B., Witte, S., Tapsoba, T., Mansmann, U. and
Madller, O. (2006). Methylene blue for malaria in Africa: results from a dose-finding study
in combination with chloroquine. Malaria Journal, 5, 84.

Moll K., Kaneko A., Scherf A. and Wahlgren M (2013). Methods in malaria research
sixth edition. EvMalaR Glasgow,UK,2013 MR4/ATCC,VA,USA,2013, 499.

Murray, L., Stewart, L. B., Tarr, S. J., Ahouidi, A. D., Diakite, M., Amambua-Ngwa,
A. and Conway, D. J. (2017). Multiplication rate variation in the human malaria parasite
Plasmodium falciparum. Scientific Reports, 7.

Mwangi, V. 1., Mumo, R. M., Kiboi, D. M., Omar, S. A., Ng’ang’a, Z. W. and Ozwara,
H. S. (2016). Methylene blue inhibits lumefantrine-resistant Plasmodium berghei. Journal
of Infection in Developing Countries, 10(6), 635-642.

Nwaefuna, E. K., Afoakwah, R., Orish, V. N., Egyir-Yawson, A. and Boampong, J. N.
(2015). Effectiveness of Intermittent Preventive Treatment in Pregnancy with
Sulphadoxine-Pyrimethamine against Submicroscopic falciparum Malaria in Central
Region, Ghana.

Nzila, A., Ma, Z. and Chibale, K. (2011). Drug repositioning in the treatment of malaria
and TB. Future Medicinal Chemistry, 3(11), 1413-1426.



7

Okebe, J., Bojang, K. and D’Alessandro, U. (2014). Use of Artemisinin and Its
Derivatives for the Treatment of Malaria in Children. The Pediatric Infectious Disease
Journal, 33(5), 522.

Oz, M., Lorke, D. E., Hasan, M. and Petroianu, G. A. (2011). Cellular and Molecular
Actions of Methylene Blue in the Nervous System. Medicinal Research Reviews, 31(1),
93.

Parhizgar, A. R. and Tahghighi, A. (2017). Introducing New Antimalarial Analogues of
Chloroquine and Amodiaquine: A Narrative Review. Iranian Journal of Medical Sciences,
42(2), 115-128.

Pastrana-Mena, R., Dinglasan, R. R., Franke-Fayard, B., Vega-Rodriguez, J.,
Fuentes-Caraballo, M., Baerga-Ortiz, A. and Serrano, A. E. (2010). Glutathione
Reductase-null Malaria Parasites Have Normal Blood Stage Growth but Arrest during
Development in the Mosquito. Journal of Biological Chemistry, 285(35), 27045-27056.

Petrikova, M., Jancinov4, V., Nosal, R., Majekova, M. and Holomanova, D. (2006).
H-1-antihistamines and activated blood platelets. Inflammation Research : Official
Journal of the European Histamine Research Society ... [et Al.], 55 Suppl 1, S51-2.

Pinheiro, L. C. S., Feitosa, L. M., Silveira, F. F. D. and Boechat, N. (2018). Current
Antimalarial Therapies and Advances in the Development of Semi-Synthetic Artemisinin
Derivatives. Anais Da Academia Brasileira de Ciéncias, 90(1 suppl 2), 1251-1271.
https://doi.org/10.1590/0001-3765201820170830

Prakash, S., Saini, S., Mullick, P. and Pawar, M. (2017). Green urine: A cause for
concern? Journal of Anaesthesiology, Clinical Pharmacology, 33(1), 128-130.

Ranasinghe, S., Ansumana, R., Bockarie, A. S., Bangura, U., Jimmy, D. H., Stenger,
D. A. and Jacobsen, K. H. (2015). Child bed net use before, during, and after a bed net
distribution campaign in Bo, Sierra Leone. Malaria Journal, 14.

Ramakrishnan G., Chandra N. and Srinivasan N., (2017). Exploring anti- malarial
potential of FDA approved drugs: an in silico approach. Malaria Journal 16:290.

Riordan, M., Rylance, G. and Berry, K. (2002). Poisoning in children 3: Common
medicines. Archives of Disease in Childhood, 87(5), 400-402.

Sadrnia, S., Yousefi, P. and Jalali, L. (2013). Correlation between seizure in children and
prolonged QT interval. ARYA Atherosclerosis, 9(1), 7-10.

Schirmer, R.H., Coulibaly B., Stich A., Scheimein M. and Kouyate B. (2003).
Methylene blue as an antimalarial agent.pdf. (n.d.). Retrieved from
https://www.tandfonline.com



78

Schneider, P., Chan, B. H., Reece, S. E. and Read, A. F. (2008). Does the drug
sensitivity of malaria parasites depend on their virulence? Malaria Journal, 7(1), 257.

Sharrock, W. W., Suwanarusk, R., Lek-Uthai, U., Edstein, M. D., Kosaisavee, V.,
Travers, T. and Russell, B. (2008). Plasmodium vivax trophozoites insensitive to
chloroquine. Malaria Journal, 7, 94.

Shujatullah, F., Khan, H. M., Khatoon, A., Khan, P. A. and Ashfaq, M. (2012). In
Vitro Chloroquine Resistance in Plasmodium falciparum Isolates from Tertiary Care
Hospital.

Slater, H. C., Griffin, J. T., Ghani, A. C. and Okell, L. C. (2016). Assessing the potential
impact of artemisinin and partner drug resistance in sub-Saharan Africa. Malaria Journal,
15(1), 10.

Smith Gueye, C., Newby, G., Gosling, R. D., Whittaker, M. A., Chandramohan, D.,
Slutsker, L. and Tanner, M. (2016). Strategies and approaches to vector control in nine
malaria-eliminating countries: a cross-case study analysis. Malaria Journal, 15(1).

Sougoufara, S., Doucouré, S., Sembéne, P. M. B., Harry, M. and Sokhna, C. (2017).
Challenges for malaria vector control in sub-Saharan Africa: Resistance and behavioral
adaptations in Anopheles populations. J Vector Borne Dis, 12.

Steinhardt, L. C., Yeka, A., Nasr, S., Wiegand, R. E., Rubahika, D., Sserwanga, A.
and Filler, S. (2013). The Effect of Indoor Residual Spraying on Malaria and Anemia in
a High-Transmission Area of Northern Uganda. The American Journal of Tropical
Medicine and Hygiene, 88(5), 855-861.

Suwanarusk, R., Russell, B., Ong, A., Sriprawat, K., Chu, C. S., PyaePhyo, A. and
Renia, L. (2015). Methylene blue inhibits the asexual development of vivax malaria
parasites from a region of increasing chloroquine resistance. Journal of Antimicrobial
Chemotherapy, 70(1), 124-129.

Takala-Harrison, S. and Laufer, M. K. (2015). Antimalarial drug resistance in Africa:
key lessons for the future. Annals of the New York Academy of Sciences, 1342, 62—67.

Tan, K. R., Magill, A. J., Parise, M. E. and Arguin, P. M. (2011). Doxycycline for
Malaria Chemoprophylaxis and Treatment: Report from the CDC Expert Meeting on
Malaria Chemoprophylaxis. The American Journal of Tropical Medicine and Hygiene,
84(4), 517-531.

Tizifa, T. A., Kabaghe, A. N., McCann, R. S., van den Berg, H., Van Vugt, M. and
Phiri, K. S. (2018). Prevention Efforts for Malaria. Current Tropical Medicine Reports,
5(1), 41-50.

Trager, W. and Jensen, J. B. (2005). Human Malaria Parasites in Continuous Culture.
Journal of Parasitology, 91(3), 484-486.



79

Tse, E. G., Korsik, M. and Todd, M. H. (2019). The past, present and future of anti-
malarial medicines. Malaria Journal, 18(1), 93.

van Schalkwyk, D. A., Nash, M. N., Shafik, S. H., Summers, R. L., Lehane, A. M.,
Smith, P. J. and Martin, R. E. (2016). Verapamil-Sensitive Transport of Quinacrine and
Methylene Blue via the Plasmodium falciparum Chloroquine Resistance Transporter
Reduces the Parasite’s Susceptibility to these Tricyclic Drugs. The Journal of Infectious
Diseases, 213(5), 800-810.

Visentin, G. P. and Liu, C. Y. (2007). 9. Drug-Induced Thrombocytopenia.
Hematology/Oncology Clinics of North America, 21(4), 685-vi.

Wellems, T. E. and Plowe, C. V. (2001). Chloroquine-Resistant Malaria. The Journal of
Infectious Diseases, 184(6), 770-776.

WHO (2010). Worldmalariareport2010.pdf. Retrieved December 26, 2018, from
https://www.who.int/malaria/world_malaria_report_2010/worldmalariareport2010.pdf

WHO (2016). WHO-HTM-GMP-2016.11-eng.pdf. Retrieved December 26, 2018, from
https://apps.who.int/iris/bitstream/handle/10665/250294/WHO-HTM-GMP-2016.11-
eng.pdf;jsessionid=173FC498587116DDF032315C8506659C?sequence=1

WHO (2016). Malaria parasite counting. In: Malaria microscopy standard operating
procedure. MM-SOP-09. Geneva: World Health Organization.

WHO (2017). Organisation mondiale de la santé - 2017 - World malaria report 2017..pdf.
Retrieved January 23, 2019, from
https://apps.who.int/iris/bitstream/handle/10665/259492/9789241565523-
eng.pdf?sequence=1

WHO (2018). By-Nc-Sa - World malaria report 2018.pdf. Retrieved January 23, 2019,
from https://apps.who.int/iris/bitstream/handle/10665/275867/9789241565653-
eng.pdf?ua=1

Winstanley, P. (2001). Chlorproguanil-dapsone (LAPDAP) for uncomplicated falciparum
malaria. Tropical Medicine & International Health, 6(11), 952-954.

Wisniowska, B., Tylutki, Z., Wyszogrodzka, G. and Polak, S. (2016). Drug-drug
interactions and QT prolongation as a commonly assessed cardiac effect—
Comprehensive overview of clinical trials. BMC Pharmacology and Toxicology, 17(1),
12.

Woodrow, C. J. and White, N. J. (2017). The clinical impact of artemisinin resistance in
Southeast Asia and the potential for future spread. FEMS Microbiology Reviews, 41(1),
344


https://www.who.int/malaria/world_malaria_report_2010/worldmalariareport2010.pdf

80

Zhang, Q.-Y., Chu, X.-Y., Jiang, L.-H., Liu, M. Y., Mei, Z. L. and Zhang, H. Y. (2017).
Identification of Non-Electrophilic Nrf2 Activators from Approved Drugs. Molecules
(Basel, Switzerland), 22(6). https://doi.org/10.3390/molecules22060883

Zhou, Z., Vorperian, V., Gong, Q. and January, C.T. (1999). Block of HERG potassium
channels by the antihistamine astemizole and its metabolites desmethylastemizole and
norastemizole. Journal of cardiovascular Electrophysiology 10(6): 836-843.



81

APPENDICES
APPENDIX I- IPR Ethical review approval certificate

This was part of a study scheduled to run for 2 years

NATIONAL MUSEUMS OF KENYA

WHERE HERITAGE LIVES ON

Institute of Primate Research

A Z
Of oy e <«
anma‘e Address: P. O. Box 24481-00502 Karen Nairobi Kenya | Tel: +254 02 2606235 | Fax: +254 02 2606231
URL: www.primateresearch.org | Email: directoripr@primateresearch.org

INSTITUTIONAL REVIEW COMMITTEE (IRC)
FINAL PROPOSAL APPROVAL FORM

Our ref: ISERC/09/2017
Dear Dr. Faith Onditi,

It is my pleasure to inform you that your proposal entitled “Assessment of AST-MB
combination therapy on selected malaria parasites.” has been reviewed by the Institutional
Review Committee (IRC) at a meeting of 20" February 2018.

The proposal was reviewed on the scientific merit and ethical considerations on the use of
animals for research purposes.

The committee is guided by the Institutional guidelines as well as International regulations,
including those of WHO, NIH, PVEN and Helsinki Convention on the humane treatment of
animals for scientific purposes and GLP.

This proposal has been approved and you are bound by the IPR Intellectual Property Policy.

s

<

Signed’.ﬁ%ﬁé’ ............ Chairman IRC: \g - Nhaen TJiLant

/

Signed /%7{’41'/‘/"%”[/‘ Secretary IRC:_Dyy - WIEKCY AKINY]

&EITUTE OF PRIMATE RESEARCH
INSTITUTIONAL REVIEW COMMITTEE
P. O. Box 24481-00502 KAREN
NAIROBI - KENYA

APPROVED SCKpRIL 201K

T e —— e iy



82

APPENDIX Il- Authorization letter from Kenyatta Universi
prpErDI | \ niversity graduate school for

KENYATTA UNIVERSITY
GRADUATE SCHOOL
E-mail: dean-graduateeku.ac.ke P.O. Box 43844, 00100

—graduateies
NAIROBI, KENYA
Website: www.ku.ac.ke Tel. 020-8704150

Internal Memo

FROM: Dean, Graduate School DATE: 29t October, 2018

TO: Ms. Joyce Nyirongo REF: I56F/33764/2015
C/o Department of Zoological Sciences

SUBJECT: APPROVAL OF RESEARCH PROFOSAL

We acknowledge receipt of your Research Froposal after fulfilling recommendations
paised by the Graduate School Board of 19t September, 20138.

You may now proceed with your Data collection, subject to clearance with the Director
General, National Commission for Science, Technology & Innovation.

As vou embark on your data collection, please note that you will be required to submit
to Graduate School completed Supervision Tracking Forms per semester. The form has
been developed to replace the Frogress Report Forms. The Supervision Tracking Forms
are available at the University’s Website under Graduate School webpage downloads.

1ank you.

“JULIA'GITU
FOR: DEAN, GRADUATE SCHOOL

CC.  Chairman. Department of zoological Sciences
Supervisors:

1. Dr. Jemimah Simbauni
C/o Departiment of Zoological Sciences..

Kenyatta University

(B

Dr. Lucy Kamau
C/o Department of Animal Sciences

Kenyatta University

3. Dr. Faith Onditi
Department of Tropical and Infectious Diseases
Institute of Primate Research
C /o Department of Zoological Science
Kenyatta University




83

APPENDIX I11- Preparation of Reagents

Reagents

Sodium chloride (NaCl)

NaCl 1.6% - Weigh 1.6g of NaCl and dissolve in 100ml distilled water
NaCl 0.9%- Weight 0.9g of NaCl and dissolve in 100ml distilled water

NaCl 12%- Weigh 129 of NaCl and dissolve in 100ml distilled water.
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APPENDIX 1V: Inhibitory Concentration (50%) and Fractional Inhibitory
Concentration

Inhibitory Concentration (50%)

Model Used by the Graph Pad Prism software to determine the inhibitory concentration

(50%) was done as follows:

Y = Bottom + (Top-Bottom)

1+ 10 (LogICSO-X)-HiII Slope

Where Top is the Y value of the Top Plateau and Bottom is the Y value of the Bottom

plateau and 1Cso is the 50% inhibitory concentration.

Fractional inhibitory concentration calculations (FIC)

FIC= Fraction of drug concentration required to produce 1Cso when used in combination
Fraction of drug concentration required to produce 1Cso when used alone.

FIC (AST-MB 1:1) = 1Cso0of (AST-MB 1:1) + ICs0 0of (AST-MB 1:1)
ICso of AST ICs0 0of MB

FIC (AST-MB 3:1) = 1Cso of (AST-MB 3:1) + ICs0 of (AST-MB 3:1)
ICso0f AST ICs00f MB

FIC (AST-MB 1:3) = IC50 of (AST-MB 1:3) + ICso 0of (AST-MB 1:3)
ICso of AST ICs0 of MB

Calculations for FIC values for Plasmodium falciparum 3D7:

FIC (AST-MB 1:1) = 23.24/23.12 + 23.24/17.96 = 2.3
FIC (AST-MB 3:1) = 22.28 /23.12 + 22.28/17.96= 2.2
FIC (AST-MB 1:3) = 34.16/23.12 + 34.16/17.96= 3.4

Calculations for FIC values for Plasmodium falciparum W2:
FIC (AST-MB 1:1) = 29.23/23.55 + 29.23/ 7.69= 5.0

FIC (AST-MB 3:1) = 26.14/23.55 + 26.14/ 7.69= 4.5
FIC (AST-MB 1:3) = 15.07/23.55 + 15.07/7.69= 2.6
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APPENDIX V- Recording of clinical symptoms data sheet

DATE:

Toxicity Assay
Cage Number:

Time

Animal number

Gender

Body weight

Weight of cubes

Water

Characteristics of stool

Body fur

Urine color, pH

Behavior patterns

Eyes

Ears

Mouth

Tail

Others




86

APPENDIX VI- Mice body weights, food and water consumed

MEAN BODY WEIGHTS OF MICE (g)

Time MB alone AST alone AST-MB AST-MB Control
(1:3) (3:1)
MEAN = SEM
0 hours 20.4+1.38 21.2+1.38 22.8+1.38 20.6+1.38 22.8+1.38
2 hours 19.8+1.10 21.6+1.10 22.0+£1.10 21.0+£1.10 23.8+1.10
4 hours 19.8+1.16 21.8+1.16 21.4+1.16 22.6+1.16 21.4+1.16
24 hours 20.4+1.57 20.4+1.57 21.8+1.57 20.4+1.57 21.2+1.57
26 hours 19.8+1.12 21.6+1.12 22.2+1.12 23.0+1.12 22.8+1.12
28 hours 19.8+1.21 22.2+1.21 21.6+x1.21 22.4+1.21 22.4+1.21
48 hours 20.6+1.27 21.8+1.27 21.2+1.27 21.6+1.27 23.0+£1.27
WEIGHT OF FOOD (g) IN EACH GROUP OF MICE
Time MB alone AST alone AST-MB AST-MB Control
(1:3) (3:1)
MEAN PELLETS PER CAGE
0 hours 100 100 100 100 100
2 hours 90 95 98 92 85
4 hours 90 80 98 83 75
24 hours 88 41 46 43 15
26 hours 87 39 43 42 10
28 hours 80 32 39 15 6
48 hours 39 31 15 6 0
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WATER (ml) IN EACH GROUP OF MICE

Time MB only AST only AST-MB AST- Control
(1:3) MB(3:1)
MEAN WATER PER CAGE
0 hours 300 300 300 300 300
2 hours 300 300 300 299 280
4 hours 300 280 299 298 270
24 hours 290 275 275 260 248
26 hours 290 275 275 250 230
28 hours 280 280 260 200 210
48 hours 255 270 250 200 200
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APPENDIX VII: Gross pathology recording data sheet

Toxicity assay of astemizole methylene blue combination therapy in Balb/c mice (Gross
pathology)

Date and time:

Group Heart liver kidney spleen lungs Brain

mouse

number
Color: Color: Color: Color: Color: Color:
Shape: Shape: Shape: Shape: Shape: Shape:
Weight: Weight: | Weight: Weight: Weight: Weight:
Others: Others: | Others: Others: Others: Others:
Color: Color: Color: Color: Color: Color:
Shape: Shape: Shape: Shape: Shape: Shape:
Weight: Weight: | Weight: Weight: Weight: Weight:
Others: Others: | Others: Others: Others: Others:




