CHAPTER 1
INTRODUCTION
1.1

MALARIA

Malaria is a parasitic disease caused by the protozoa of the genus
Plasmodium that infect and destroy red blood cells, leading to fevers, severe
anaemia, cerebral malaria and if untreated, death. The parasites are
transmitted to man by the bites of the female Anopheles mosquitoes usually
by the subcutaneous inoculation of sporozoites and occasionally by the
intraveneous injection of blood containing trophozoites.

There are four main species of Plasmodium that are known to infect humans
with malaria. These are: Plasmodium falciparum, Plasmodium vivax,
Plasmodium malariae and Plasmodium ovale. Furthermore, some human
malaria can be caused by the primate malaria parasite, Plasmodium knowlesi
but

it

has

not

been

established

whether

human-mosquito-human

transmission has occurred in the past until recently. This fifth species which
was originally described as a malaria parasite of long-tailed macaque
monkeys is now known to naturally infect humans in some areas such as
Malaysia (Singh, 2004).

P.falciparum causes malignant tertian malaria that is characterised by
paroxysms that recur every other day. This is the most dangerous form of
malaria infection and most widespread. It is responsible for the majority of
malaria linked deaths in sub-Saharan Africa and is currently the most
important target. P.vivax causes benign tertian malaria and produces milder
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clinical attacks. It is less deadly and does not normally progress to cerebral
malaria hence it is traditionally called benign. However, it exhibits a dominant
liver stage of the parasite which makes it highly disabling. P.ovale causes
milder benign tertian malaria with a periodicity and relapses similar to
P.vivax. However, it is milder and more readily cured. The ability of P.vivax
and also, P.ovale to remain dormant for months as hypnozoites in the liver
makes the infection caused by these parasites very difficult to eradicate.
P.malariae causes the quartan malaria, an infection that is common in
localised areas of the tropics. It does not form hypnozoites but it can also
persist for decades as an asymptomatic blood stage infection. Both P.ovale
and P.malariae are currently diagnosed using microscopy and represent a
small percentage of infections (Wells et al., 2009).

Other species of Plasmodium that can cause malaria infections in other
animals like mice, rats and in birds such as chicks and ducklings include P.
gallinaceum, P.berghei, P.rochi, P.cathermerium, P.lophuriae and P.
cynomolgi (Gilles and Warell, 1993).

1.2

THE GLOBAL BURDEN OF MALARIA

P.falciparum is the most dangerous form of human malaria and most
widespread. It is the dominant species in sub-Saharan Africa, and is
responsible for the almost 1 million deaths each year (World Health
Organisation, 2010).

P.vivax causes as much as 25-40% of the global

malaria burden particularly in South and Southeast Asia, and Central and
South America (Price, 2007). Most Africans are known to lack the Duffy
blood group antigen that is expressed on the surface of erythrocytes which is
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necessary receptor for P.vivax invasion of these cells hence they are
common in tropical area outside African nations.

The Global Malaria Eradication Programme launched by the WHO in 1955
depended on two key tools namely, chloroquine for treatment and prevention
and DDT for vector control. Despite some successes recorded in some areas
with low transmission rates such as India and Sri Lanka (World Health
Organisation, 1999), global eradication was officially abandoned as a goal
in 1972 (Brito, 2001) in the face of lost political will and the emergence of
chloroquine-resistant Plasmodium parasites and DDT-resistant Anopheles
mosquitoes. In addition, the eradication program period coincided with the
colonial and immediate postcolonial period during which little or no
indigenous capacity was available to initiate and sustain malaria eradication.
As a result, childhood deaths in Africa due to malaria climbed relentlessly as
chloroquine-resistant Plasmodium parasites spread across the continent
(Snow et al., 2001). According to the World Health Organization (WHO),
more than 100 tropical and sub-tropical countries in four macro-areas (SubSaharan Africa, Latin America, Middle and Far East, Indian Subcontinent) are
endemic for malaria and as many as 3.3 billion people (50% of the world
population) are exposed to malarial infections. As many as 243 million
malarial cases were estimated during 2008, mostly in Africa (85%), South
East Asiatic countries (10%) and the East Mediterranean region (4%).
Estimated malarial deaths during 2008 were 863,000 and 89% of them
occurred in Africa, 6% in the East Mediterranean region and 5% in South
East Asiatic countries (World Health Organisation, 2009) , Figure 1.1.
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Figure 1.1 Global distribution of malaria showing malaria endemic regions.
Source: World Malaria Report 2008. Geneva, World Health Organization,
2008.
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An estimated 1.2 billion are at high risk of transmission (≥ 1
case per 1000 population), half of which live in the African
regions; 80% of such cases are concentrated in 13 countries, and
over half in

Nigeria,

Congo,

Ethiopia, Tanzania and

Kenya

(World Health Organisation, 2008a) Figure 1.2.

Figure 1.2 Human malaria distributions in Africa and burden in Nigeria.
Source: World Malaria Report 2008. Geneva, World Health Organization,
2008 and MARA/AMRA (http://mara.org.za)

Nigeria is a tropical country located in West A f r i c a where malaria
with Plasmodium falciparum is highly e n d e m i c . The country
accounts for a quarter of all malaria cases in Africa (W o r l d H e a l t h
O r g a n i s a t i o n , 2 0 0 8 a ) . In the s o u t h e r n p a r t o f the country,
transmission occurs all year round while in the north, it is more
seasonal. Almost all malaria cases in the c o u n t r y are caused by
Plasmodium falciparum, considered to be the leading cause of
death worldwide in 2004, from a single infectious agent (World
Health Organisation, 2008b). Today, malaria as one of the most
widespread infectious diseases of our time, has reached epidemic
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proportions on a world-wide scale due to resistance of P. falciparum to
clinically useful drugs such as chloroquine and pyrimethamine as well as
resistance of the vector mosquitoes to DDT and other insecticides (Phillipson
and Wright, 1991). The disease primarily affects poor populations in tropical
and subtropical areas where the temperature and rainfall are suitable for the
development of vectors and parasites (Greenwood et al., 2008).

1.3

LIFE CYCLE OF MALARIA PARASITE

There are numerous transitions and stages which comprises the life cycle of
the malaria parasites and these can be divided into three main stages as
shown in Figure 1.3

(a) Mosquito Stage: This is also referred to as the sexual stage from
gametocytes to sporozoites in the female Anopheles mosquito.
(b) Human Liver Stage: This is the asexual exo-erythrocytic schizogony
(tissue schizogony or the multiple fission of a trophozoite or schizont
into merozoites) in the liver cells of the primate host.
(c) Human Blood Stage: This is the asexual erythrocytic schizogony in the
red blood cells.

When an infected female Anopheles mosquito bites a person, elongated motile
sporozoites in her saliva are injected into the human blood circulation (step i).
The parasites rapidly leave the blood circulation and are taken up into the liver,
where they pass through the Kupffer cells and infect the hepatocytes to initiate
the human liver stage infection (step ii). This asymptomatic tissue stage of
infection lasts for 5 to 16 days, depending on the species of Plasmodium.
However, in all species of Plasmodium, these parasites multiply and develop
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to form exo-erythrocytic (tissue) schizonts from which several thousand
merozoites develop (step iii). In Plasmodium vivax and Plasmodium ovale only,
a proportion of the liver stage parasites remain in the hepatocytes as a
dormant form or hypnozoite (Hemmer, 2006). This stage of the parasite can
remain dormant for a few weeks or up to several years and can therefore start
a life cycle of asexual reproduction without the need for further mosquito bites.
Hence, the P. vivax infection is also referred to as relapsing malaria. However,
in P.falciparum and P.malariae infections, the tissue schizonts rupture more or
less simultaneously leaving no form of the parasites in the liver. The infected
hepatocytes rupture and release these merozoites into the bloodstream as
aggregates called merosomes that allows the merozoites to evade antibodies
and rapidly invade red blood cells (step iv). This initiates the human blood
stage or the erythrocytic cycle of infection. The intra-erythrocytic parasites
undergo asexual development from young ring forms to trophozoites and
finally to mature schizonts. Asexual blood stage parasites produce 8-20 new
merozoites every 48 hours (or 72 hours for P.malariae), causing the parasite
number to rise rapidly to higher levels in the human host. The P.falciparum is
also distinguished by its ability to bind to endothelium during this blood
stage of the infection (Figure 1.5) and sequester in organs, including the
brain. Antibodies that blocks (step iv) binding of P.falciparum-infected
erythrocytes to endothelium might prevent disease and control parasitaemia.
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Figure 1.3 The life cycle of malaria-causing Plasmodium parasites
(Greenwood et al., 2008).

The asexual stages are pathogenic whereas the sexual stage parasites are
non-pathogenic but transmissible to the Anopheles vector (Aravind et al.,
2003). The parasites replicate synchronously to release more merozoites into
the bloodstream leading to the classical cycle of fever that is observed as
febrile clinical attack. The released merozoites then invade more erythrocytes
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to continue the cycle which proceeds until death of the host or modulation by
drug treatment or acquired immunity (step v). At a certain stage of malaria,
some merozoites infecting red blood cells differentiate into sexual forms
known as male and female gametocytes (step vi). In P.falciparum, these are
formed in the later stages of infection. By contrast, they are formed at the
same time as the asexual stages in P.vivax. Gametocytes are taken up into
the female Anopheles mosquito gut during blood meal to initiate the mosquito
stage of infection (step vii). The male gametocytes are activated (exflagellation) followed by male gametogenesis to form gametes which fuse
with the female gametes (fertilization) in the gut of the insect to form diploid
ookinetes. These ookinetes migrate to the midgut of the insect and the
resulting zygote develops in the gut wall to form the oocysts (step viii). These
eventually give rise to the infective sporozoites by meiotic division and then
migrate to the salivary gland of the mosquito (Fidock et al., 2004). The
periodicity of parasitaemia and febrile clinical manifestations in tertian or
quartan malaria thus depends on the timing of schizogony of a generation of
erythrocytic parasites (Goodman and Gilman, 1992).

1.4

TREATMENT OF MALARIA

1.4.1 CLASSIFICATION OF ANTIMALARIAL DRUGS
Antimalarial agents are classified by the stages of the malaria life cycle that
are targeted by the drug. The currently available antimalarial drugs can be
classified according to their biological activity and chemical structures (Geib,
2007, Wells et al., 2009, Fidock, 2010).
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1.4.1.1

BLOOD SCHIZONTICIDES

Blood schizonticides act on the asexual intraerythrocytic stages of the
parasites. These drugs act on the blood form of the parasite resulting in the
termination of a clinical attack of malaria. Examples of drugs which belong to
this

class

include

chloroquine,

quinine,

mefloquine,

halofantrine,

pyrimethamine, sulfadoxine, sulfones, tetracyclines, and artemisinin and its
derivatives.

1.4.1.2

TISSUE SCHIZONTICIDES FOR CAUSAL PROPHYLAXIS

Tissue schizonticides acts in a causal prophylactic manner by killing hepatic
schizonts thereby preventing the invasion of erythrocytes. These drugs act
on the primary tissue forms of the malaria parasites which initiate the
erythrocytic stage after growth within the liver is completed. Further
development of the infection can be achieved or prevented by blocking this
stage. However, because it is quite impossible to predict the infection before
clinical symptoms appears, this mode of therapy is more or less theoretical
than practical. Examples of drugs that have activity against this stage include
primaquine and pyrimethamine to a lesser extent.

1.4.1.3

TISSUE SCHIZONTICIDES (OR HYPNOZOITICIDES) FOR

PREVENTING RELAPSE
Hypnozoiticides kill persistent intra-hepatic stages of P.vivax and P.ovale,
thus preventing the relapses from these dormant stages. These classes of
drugs act on hypnozoites of P.vivax and P.ovale in the liver where they cause
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relapse of symptoms on reactivation. Primaquine is the only example of a
clinical used drug available for this stage.

1.4.1.4

GAMETOCYTOCIDES.

Gametocytocides destroy the intraerythrocytic sexual forms of the parasites
and prevent transmission from human to mosquito. These drugs act on the
sexual forms of the parasites in the blood thereby destroying them and
preventing the transmission of the infection to the mosquito. Examples of
drugs belonging to this class include chloroquine, quinine and primaquine.
Both chloroquine and quinine have gametocytocidal activity against P.vivax
and P.malariae but not against P.falciparum whereas primaquine has
gametocytocidal activity against all human malarial parasite species including
P.falciparum.

1.4.1.5

SPORONTOCIDES

These drugs prevent the development of oocyst in the mosquito thereby
stopping the transmission of infection. Examples of drugs known to have
activity against this stage are primaquine and chloroguanidine. Blood
schizonticidal drugs such as quinine, mefloquine, artemisinin and its
derivatives are sufficient to cure the malaria infection caused by P. falciparum
as there are no dormant liver stages. However, a combination of blood
schizonticides and tissue schizonticides is required in the cases of P.vivax
and P.ovale.
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Figure 1.4
al., 2009).

Structures of antimalarial drugs in widespread use (Wells, et
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1.5

MECHANISM OF ACTION OF KNOWN ANTIMALARIAL DRUGS

1.5.1 AMINOQUINOLINES
The 4-aminoquinolines, including chloroquine and amodiaquine, and the
quinolinemethanols, including quinine and mefloquine, concentrate inside the
acidic digestive vacuole, where they are believed to bind haem and interfere
with haem d e t o x i f i c a t i o n .

They c a u s e p a r a s i t e d e a t h b y

b l o c k i n g t h e polymerization of the toxic by-product of haemoglobin
degradation, haem, into insoluble and non-toxic pigment granules called
haemozoin or malaria pigment, resulting in cell lysis and parasite cell
autodigestion (Olliaro and Yuthavong, 1999).

The effectiveness of the

quinoline antimalarials is due in part to their basicity that allows them to
accumulate in the acidic food vacuole of the malaria parasites (Figure 1.5).
The

Plasmodium

targets

for

parasite

intervention.

and

its Anopheles

vector

provide

many

It h a s b e e n estimated that over 90% of

current drug discovery projects are targeting the asexual blood stages of
P.falciparum and those close to clinical development have been reviewed
(Olliaro and Wells, 2009).

1.5.2 SESQUITERPENE ENDOPEROXIDES
The mechanism of antimalarial action of artemisinins has been the subject of
extensive work by several groups but remains a topic of some debate
(Renslo and McKerrow, 2006). The mechanism of action of artemisinin and
related 1, 2, 4-trioxanes involves activation of the endoperoxide moiety by
haem (ferriprotoporphyrin IX), which is liberated in the infected erythrocytes
during hemoglobin digestion. The cleavage of the endoperoxide bridge
homolytically by heme (ferriprotoporhyrin IX), a ubiquitous cellular component
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of P.falciparum, give rise to reactive free radical intermediates that alkylate
vital parasite protein molecules. Thus, antimalarial activity of artemisinin is
mediated by free radicals (Meshnick, 1994, Edwards, 1997, Olliaro et al.,
2001). Haem accumulates in the parasite as a result of hemoglobin digestion
and haem (ferriprotoporhyrin IX) formed then reacts with artemisinin to
generate free radicals by hemolysis of the endoperoxide. The interaction
between haem and artemisinin results in membrane damage of the parasite
(Goldberg et al., 1990, Meshnick et al., 1993, Wei and Sadrzadeh, 1994).
Artemisinins rapidly kill all the blood stages of the parasite, resulting in the
shortest fever clearance times of all antimalarials. They are also known to kill
gametocyte stages thereby reducing transmission of infection (Meshnick,
2002). The most active and common metabolite of all artemisinin compounds,
dihydroartemisinin (DHA) is very effective in treating P.falciparum infected
rodent malaria. It is known to alter the ribosomal organization and
endoplasmic reticulum. Artesunate acts via inhibiting cytochrome oxidase and
DNA synthesis by blocking the purine synthesis. Cerebral malaria is the most
serious complication of falciparum malaria. In cerebral malaria, it is known to
interfere with parasitized red blood cell sequestration in cerebral micro
vessels (Meshnick, 1994).

1.5.3 ANTIFOLATES
Antifolate drugs disrupt the first steps of the biosynthesis of folate in the
cytosol by blocking the parasites synthesis of tetrahydrofolate thus stopping
nucleic acid synthesis (Fidock et al., 2004). Antifolate combination drugs
such as sulfadoxine and pyrimethamine act through sequential and
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synergistic blockade of 2 key enzymes involved with folate synthesis. Two
types of antifolates are recognized namely, type I and type II antifolates. The
type-I antifolates such as sulfones and sulfonamides inhibit the step
mediated

by dihydropteroate

synthase

(DHPS) whereas

the

type-II

antifolates such as pyrimethamine and proguanil inhibit the step mediated by
dihydrofolate reductase (DHFR) to produce a cure (Peterson et al., 1988,
Vangapandu et al., 2007). Both human and parasites have the ability to
convert folic acid into tetrahydrofolic acid. Whereas humans obtain the
needed folic acid from the diet, parasites cannot readily use exogeneously
supplied folic acid to synthesize folate co-factors. The malaria parasites
synthesize these co-factors afresh starting with the condensation of pteridine
with para-aminobenzoic acid (PABA) to form dihydropteric acid. The latter is
then condensed with glutamic acid to form dihydrofolic acid. These
differences between humans and parasites are the basis of selective toxicity
of sulfonamides which are PABA antagonists, and diaminopyrimidines that
are inhibitors of dihydropteroate synthase. The pathway from 4-aminobenzoic
acid to the tetrahydrofolate co-factors is essential in the synthesis of the
pyrimidine deoxythymidylate for DNA (Chulay et al., 1984, Vangapandu et
al., 2007). Antifolates attack all growing stages of the malaria parasite, and
are found to inhibit the early growing stages in the liver and developing
stages in the mosquito.

1.5.4 8-AMINOQUINOLINES
The accumulation of 8-aminoquinolines in the food vacuole is in part a
function o f t h e i r w e a k b a s e p r o p e r t i e s . Primaquine, a n e x a m p l e o f
8 -aminoquinoline, has no clinical utility as a blood schizonticide but its activity
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against the erythrocytic form of the malaria parasite is derived from an
oxidative

stress

mechanism

(Vennerstrom

and

Eaton,

1988).

The

hydroxylated metabolites of primaquine are known to stimulate the hexose
monophosphate shunt, increase hydrogen peroxide and methemoglobin
production a n d d e c r e a s e t h e l e v e l s o f g l u t a t h i o n e i n t h e
e r y t h r o c y t e (Vasquez-Vivar and Augusto, 1992). Primaquine’s other
potential mechanisms of action include inhibition of vascular transport or
inhibition of the parasite enzyme dihydroorotate dehydrogenase (Ittarat et al.,
1994). It does bind to hematin with an affinity between that of mefloquine and
quinine but does not inhibit haem polymerization as compared to
chloroquine (Dorn et al., 1998, Vangapandu et al., 2007).

1.5.5 OTHER DRUGS MECHANISM OF ACTIONS.
The falcipain inhibitors that are under development target cysteine proteases
that participate in haemoglobin degradation in digestive vacuole. Antibiotics
such as azithromycin, doxycycline, and clindamycin act inside the
chloroplast-like p l a s t i d o r g a n e l l e , w h e r e t h e y i n h i b i t p r o t e i n
t r a n s l a t i o n , resulting in the death of the progeny of drug-treated
parasites (the “delayed- death” phenotype).
compounds

inhibit

electron

(Fidock et al., 2004).
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Atovaquone and other

transport in the mitochondrion

Figure 1.5

Antimalarial drugs mediate their effects by disrupting processes

or metabolic pathways in different subcellular organelles (Fidock et al., 2004).

1.6

ANTIMALARIAL DRUG RESISTANCE

Malaria was nearly eradicated by the early 60s, owing largely to concerted
antimalarial programs under the guidance of World Health Organisation
(White, 1998, Kevin, 2000). However, there has been a dramatic comeback
with emergence of resistance of the malaria parasite to the majority of
commonly used antimalarial drugs and by the vector against insecticides.
Antimalarial drug resistance has been defined as the ability of a parasite
strain to survive

and/or multiply despite

the administration

and

absorption of a drug given in doses equal to or higher than those usually
recommended but within tolerance of the subject. The drug must gain access
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to the parasite or the infected red blood cell for the duration of the time
necessary for its normal action (Bruce-Chwatt, 1986). Therefore drug
resistance occurs when adequate blood concentrations of the drug are no
longer able to kill a previously susceptible parasite. Antimalarial drug
resistance can cause treatment failure in an individual patient but more
commonly, it makes its presence known by increasing the apparent number
of malaria infections (Wongsrichanalai et al., 2002). However, not all
treatment failure is due to drug resistance.
Several factors that can contribute to treatment failure include incorrect
dosing, non-compliance with duration of drug regimen, poor drug quality,
drug interactions, poor or erratic absorption and misdiagnosis. These factors,
while causing treatment failure or apparent treatment failure may also
contribute to the development and intensification of true drug resistance
through increasing likelihood of exposure of parasite to suboptimal drug level
(Bloland, 2001). The resistant profile of existing antimalarial drugs, chemical
classes including their clinical uses is shown in Table 1.1.
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TABLE 1.1

Existing Antimalarial Drugs,Uses and Resistance Profile (Fidock, 2010).

Common name

Chemical class

Clinical use

Resistance

Artemisinins
(artemether,
artesunate,
dihydroartemisinin)

Sesquiterpene
lactone endoperoxide

Possibly
emerging

Lumefantrine

Arylamino alcohol

In artemisinin-based
combination therapies
(ACTs)
Most common first-line
antimalarial therapy in
Africa,
in combination with
artemether

Amodiaquine

4-Aminoquinoline

In combination with
artesunate
in parts of Africa

Piperaquine

Bisquinoline

In combination with
dihydroartemisinin in
parts of southeast Asia

Observed in
China
following singledrug
therapy

Mefloquine

4-Methanolquinoline

In combination with
artesunate
in parts of southeast Asia

Prevalent in
southeast Asia

Pyronaridine

Acridine-type
Mannich base

Being registered for
combined
use with artesunate

No crossresistance
with other drugs
reported

Quinine/quinidine

4-Methanolquinoline

Atovaquone

Naphthoquinone

Chloroquine

4-Aminoquinoline

Pyrimethamine

Diaminopyrimidine

Primaquine

8-Aminoquinoline

Mainly for treating severe
malaria, often with
antibiotics

In combination with
proguanil
(a biguanide) for treatment
or prevention
Former first-line treatment
for uncomplicated malaria
For intermittent preventive
treatment, combined with
sulphadoxine
(a sulphonamide)
For eliminating liver-stage
parasites, including
dormant forms of
Plasmodium vivax
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No evidence
of high-level
resistance

Limited crossresistance with
chloroquine

Exists at a low
level

Has been
observed
clinically

Widespread

Widespread

Unknown

1.6.1 CURRENT STATUS OF DRUG – RESISTANT MALARIA
Resistance to antimalarial drugs has been described for P.falciparum and
P.vivax which are two of the four main species of malaria parasite that
naturally infect man. P.falciparum has been reported to develop resistance to
nearly all antimalarial drugs in current use. However, the geographical
distribution of resistance to any single antimalarial drug may vary greatly.
Similarly, P.vivax infection acquired in some areas has been shown to be
resistant to chloroquine and/or primaquine (Looareesuwan et al., 1996).
Choroquine-resistant P.falciparum malaria has been reported to be
transmitted except for malarious areas of Central America (north-west of the
Panama Canal), the island of Hispaniola and limited areas of the Middle East
and Central Asia. Chloroquine resistance of various levels is now in
practically all endemic countries of Africa. This high level of resistance poses
increasing problems for the provision of adequate treatment in many
countries of Africa particularly in eastern Africa. Sulfadoxine-pyrimethamine
(SP) resistance occurs frequently in South-East Asia and South America.
SP resistance is also becoming more prevalent in Africa as its being relied
on as a replacement for chloroquine. Furthermore, mefloquine resistance is
already frequent in some areas of South-East Asia and has been reported in
the Amazon region of South America and sporadically in Africa. In particular,
high levels of resistance to mefloquine on the Thai/Cambodian and
Thai/Myanmar borders led to the introduction in 1993 of artemisinin
derivatives. A recent report in 2008-09 showed the emergence of partial
resistance to artemisinins in western Cambodia.
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In particular, some patients receiving artesunate (an artemisinin derivative) or
artesunate-mefloquine treatment showed delayed parasite clearance times
which is not attributable to pharmacokinetic differences between individuals
(Noedl et al., 2008 , Dondorp et al., 2009 , World Health Organisation, 2009).
A more current study established that the emergence of artemisinin-resistant
malaria on the Thailand-Myanmar border has increased substantially since it
was first reported 8 years ago and at this rate of increase, resistance will
reach rates reported in western Cambodia in 2-6 years (Uhlemann and
Fidock, 2012, Phyo et al., 2012). In Cambodia, artemisinin monotherapies
were first introduced from China more than 30 years ago and it was one of
the first countries to switch first-line treatment to ACT in national antimalarial
policy, that is, artesunate-mefloquine in 2000 (White, 2008). Inappropriate
use of artemisinin monotherapies is probably at least partly responsible for
this resistance that has arisen first in Cambodia, particularly as they have
been available for so long there. It also seems likely that uncontrolled use of
ACTs may favour the development of malaria resistance to artemisinin
derivatives (Jambou et al., 2005). Other factors contributing to artemisinin
resistance include mobile populations and migrants, subtherapeutic levels of
artemisinin, substandard and counterfeit drugs (Chrubasik and Jacobson,
2010). This finding threatens worldwide initiatives to control and eliminate
malaria (Dondorp et al., 2010) bearing in mind that resistance to the previous
mainstays of antimalarial treatment namely, chloroquine and sulfadoxinepyrimethamine also arose in western Cambodia (Verdrager, 1986, White,
2010) and spread across Southeast Asia into Africa resulting i n the
deaths of millions of children (Roper et al., 2004, Anderson and Roper, 2005).
This highlights the urgent need for new antimalarial drugs and formulations.
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1.6.2 MECHANISMS OF ANTIMALARIAL RESISTANCE
Drug resistance arises by the evolutionary selection of spontaneously arising
mutants that are drug insensitive (Bloland, 2001). It implies therefore by the
above definition that when one kills all sensitive parasites, the remaining
ones are drug insensitive. The mechanism of antimalarial drug resistance
has been investigated at the molecular level to be due to point mutations that
change drug accumulation/efflux in the erythrocyte or reduce drug affinity for
the target molecule. In general, resistance appears to occur through
spontaneous mutations that confer reduced sensitivity to a given drug or
class of drugs. For some drugs, only a single point mutation is required to
confer resistance while for other drugs, multiple mutations appear to be
required. Single malaria isolates have been found to be made up of
heterogeneous populations of parasites that can have widely varying drug
response characteristic from highly resistant to completely sensitive
(Thaithong et al., 1983). Similarly, malaria infections have demonstrated
range of drug susceptibility within a geographic area. The geographical
spread of drug resistance only requires the movement of infected persons
into a new area which have competent Anopheles vectors (Wongsrichanalai
et al., 2002). Drug resistance is first seen when apparently successfully
treated patients recrudesce their infection often weeks after original therapy.
Therefore, any determination of drug resistance for public health purposes
based on studies with anything less than four weeks of follow-up is bound to
be misleading (Hien et al., 2004, Stepniewska et al., 2011).
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Resistance to the commonly used drug chloroquine is most prevalent while
resistance to most other antimalarials such as alkaloids (quinine),
sulfonamides (sulfadoxine), and diaminopyrimidines (pyrimethamine) have
also been extensively reported (Vangapandu et al., 2007).

1.6.2.1

CHLOROQUINE RESISTANCE.

Chloroquine resistance arises by mutation. As the malaria parasite digests
haemoglobin, large amounts of a toxic by-product are formed. The parasite
polymerises this by-product in its food vacuole, producing non-toxic
haemozoin (malaria pigment). Thus, the resistance of P.falciparum to
chloroquine is believed to be related to an increased capacity for the parasite
to expel chloroquine at a rate that does not allow chloroquine to reach levels
required for inhibition of haem polymerisation (Foley and Tilley, 1997). It has
been observed the resistant strains of the P.falciparum do not accumulate
chloroquine and the parasitized red blood cells release the drug at least 40
times faster than the sensitive strains (Krogstad et al., 1987, Bray and Ward,
1993). There is an increase in the surface area of the resistant parasites
permitting more efficient pinocytosis. It is estimated that more than 60% of
the P.falciparum strains that infects non-immune travellers are resistant to
chloroquine (Krogstad et al., 1987). A single genetic locus appears to be
responsible for the rapid chloroquine efflux mechanism. Further evidence
supporting this mechanism is provided by the fact that resistance to
chloroquine can be reversed by drugs which interfere with this efflux system
such as calcium-channel blockers or antagonists of calmodulin (For example,
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verapamil) and cyproheptadine and hydroxyzine (Martin and Oduola, 1987).
Chloroquine accumulation in the acidic food vacuole of the malaria parasite is
also thought to occur by passive diffusion down the pH gradient (ion
trapping), by import via an ATP-dependent transporter (active uptake) or by
binding to haem (ferriprophyrin IX) (Bloland, 2001, Maude et al., 2010).
Although chloroquine still remains a very adequate treatment for vivax
malaria in some areas but it can no longer be depended upon to cure
falciparum malaria. The anti-inflammatory properties of chloroquine causes
patients with non-specific symptoms to feel better but chloroquine alone
cannot be regarded as adequate treatment for falciparum malaria
(Sutherland et al., 2002).

1.6.2.2

ANTIFOLATE RESISTANCE

The mechanism of resistance to these drugs is now known to involve the
modification of drug transport systems, increased synthesis of blocked
enzymes, increase in drug inactivating enzymes and the use of alternative
pathways (Plowe et al., 1998). Specific gene mutations encoding for
resistance to both DHPS and DHFR have been identified. Falciparum
parasites are able to quickly accumulate multiple genetic mutations
producing enzymes resistant to antifolate drugs. Thus, resistance to these
drugs depends largely on point mutations in the dihydropteroate synthase
and dihydrofolate reductase genes. Resistance to antifolate drugs has
developed over the past 30 years and is now widespread (Peterson et al.,
1991). There have been reported widespread resistance cases particularly in
East Africa and South East Asia to sulfadoxine and pyrimethamine such that
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treatment with a single administration of sulfadoxine/pyrimethamine often fails
to cure uncomplicated falciparum malaria (Terlouw et al., 2003). This has
been ascribed to the higher levels of resistance to the pyrimethamine
component as reflected in additional mutation in DHFR, or due to the
development of resistance to sulfadoxine as well (Onyiorah et al., 1996). It
should be noted that once a drug fails to cure a substantial number of
infections, its ability to be used in combination with another more effective
drug is also severely limited.

1.6.2.3

MEFLOQUINE RESISTANCE

Resistance to mefloquine has been reported in Thailand and East Africa. In
Thailand, more than 50% of cases in certain border areas are no longer
responding to mefloquine therapy (Edwards et al., 1994). The long
elimination half-life of mefloquine (14-28 days) allows parasites to encounter
sub-inhibitory concentrations in persons treated weeks or months previously
(Hastings et al., 2002). Thus, the widespread use of a long-acting drug
such as mefloquine in a single dose treatment allowed the selection of
multiple

drug

resistant

falciparum

parasites.

The

selection

and

establishment of mefloquine resistance was therefore only a matter of time
once it was widely used alone without combination with another effective drug
(Nosten et al., 2000). To prevent the development of resistance to

this

valuable drug, it has been suggested that mefloquine should be used in
combination with another antimalarial drug, like pyrimethamine/sulfadoxine
(Nosten and Price, 1995). Mefloquine resistance has been associated with
amplification of the Pfdmr 1 gene and increased drug efflux f r o m
resistant

parasites. Interestingly,

this
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mechanism

is reportedly blocked

by penfluridol and not by verapamil whereas chloroquine resistance is
reversed by verapamil but not by penfluridol. Resistance against halofantrine
is also linked to the amplification of the Pfdmr 1 gene (Kuile and Dolan, 1993).

1.6.2.4

ATOVAQUONE RESISTANCE

Atovaquone acts through inhibition of parasite’s electron transport system at
the cytochrome bc1 complex (Ittarat et al., 1994, Enosse et al., 2000,
Mckeage and Scott, 2003). Resistance is conferred by single-point mutations
in the cytochrome-b gene of P.falciparum. This single nucleotide mutation
engenders very high grade drug-resistance even in a single patient
(Canfield et al., 1995). Atovaquone’s long half-life also predisposes it to
selection of drug resistant strains over time (Hastings et al., 2002). Although
resistance to Atovaquone develops very rapidly when used alone, however,
when combined with a second drug such as proguanil (Malarone™) or
tetracycline, resistance develops very slowly (Looareesuwan et al., 1996).
Atovaquone and proguanil are synergistic in vitro and this combination in vivo
produces 100% cure rates against the most multi-drug resistant P. falciparum
(Shanks, 2006).

1.6.2.5

ARTEMISININ RESISTANCE

The resistance of Plasmodium falciparum parasites with reduced in vivo
susceptibility to artemisinin derivatives (for example, artesunate) has
emerged in western Cambodia - a hotbed of multidrug resistance (World
Health Organisation, 2009, Fidock, 2010, Maude et al., 2010, Phyo et al.,
2012). Artemisinin resistance is characterised by slow parasite clearance.
Although high-grade artemisinin resistance has not been reported, however
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clinical and modelling studies suggest that delayed parasite clearance is
attributable to reduced susceptibility of the early ring-stage intraerthrocytic
parasites to artemisinins and its derivatives (Noedl et al., 2008, Dondorp et
al., 2009, Saralamba et al., 2011). Another report suggests that this finding
might involve quiescence of a subpopulation of ring-stage parasites
(Witkowski et al., 2010). The clearance of sensitive P.falciparum assessed by
microscopy is achieved within 2 days in 95% of patients whereas artemisininresistant infections remain slide-positive for 3 or more days. Treatment failure
is more common in such infections after artemisinin combination therapy or
treatment (White, 2008). Thus, an understanding of these processes should
yield new strategies for effective treatment of artemisinin - resistant parasites
during their quiescent state. This is so important since antimalarial control
efforts are vitally dependent on artemisinin combination treatments.

1.7

DRUG RESISTANCE AND COMBINATION CHEMOTHERAPY

Multiple drug resistance occurs when a parasite that is already resistant to
one class of antimalarials develops resistance to another separate class of
drugs. This happens when a chloroquine resistant parasite becomes resistant
to other drug such as sulfadoxine-pyrimethamine (SP). The spread of the
multidrug resistance caused by P. falciparum is responsible for the
majority of deaths and most severe forms of disease including cerebral
malaria whereas only sporadic cases of resistance has been reported in

27

vivax malaria. There is solid evidence of multiple drug resistance in India
especially in the Northeastern states (Campbell et al., 2006).
Combination chemotherapy in malaria is formed when a rapidly acting drug
(artemisinin) is combined with a slower acting drug (tetracycline, mefloquine)
given over enough time of at least four parasite generations (which is about
eight days), to kill any residual parasites.

The probability of selecting a

mutant parasite with resistance when two effective drugs are used is very
unlikely for both drugs. Combination chemotherapy for malaria is currently
available in several forms and combinations which have proven effective in
field trials include quinine-tetracycline, chlorproguanil-dapsone, artemetherlumefantrine and atovaquone-proguanil. The standard of care for the
potentially lethal falciparum parasite must be to kill the last parasite in order
to ensure a cure. The best single example of this occurred on the ThaiBurmese border during the 1990s when the rapid evolution of mefloquine
resistance was quickly threatening to create untreatable infections (Price et
al., 1999, Nosten et al., 2000). Combination of mefloquine with the
artemisinin compound, artesunate reversed the situation in a remarkably
short period of time and largely controlled falciparum malaria among the
population of displaced persons. Similarly, malaria control on the South
African- Mozambique border was rapidly being lost in the face of widespread
SP resistance (Craig et al., 2004, Abacassamo et al., 2004). Switching to
artemether-lumenfantrine along with using more effective residual insecticide
spraying resulted in far better malaria control at less cost because fewer
patients had to be treated (Muheki et al., 2004, Barnes et al 2005).
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1.8

MALARIA AND NATURAL PRODUCTS DRUG DEVELOPMENT

The challenge facing malaria chemotherapy today is to find safe and
selective agents whose potencies are not compromised by malaria parasite
resistance. There is currently growing trend towards developing targetspecific antimalarial agents such as agents inhibiting plasmodial farnesyl
transferase, cyclin dependent kinases, proteases, choline transport. Others
focus on agents that are capable of reversing the plasmodial resistance such
as chemosensitizers. (Mei-lin Go, 2003).

1.8.1 NATURAL PRODUCT BASED ANTIMALARIAL AGENTS
Natural products have constituted the nucleus of drug development for a long
time and will continue to offer new leads for drug discovery. The major
source of chemical diversity for screening purposes is natural products and
plants remain the primary sources of many important orthodox medicines
currently in the drug market. Examples include the antimalarial drug,
artemisinin and the anticancer agent, taxol from Taxus brevifolia. In a survey,
it was estimated that 39% of all the new approved drugs in 1983-1994 were
natural products or derived from natural products and 60-80% of antibacterial
and anticancer drugs were from natural products (Alan, 1999).
Natural products are the sources of the two most important drugs currently
available to treat severe falciparum malaria, that is, quinine and artemisinin
derivatives. In the case of artemisinin, relatively simple chemical modification
of the natural product parent compound have led to a series of highly potent
antimalarials that are playing an increasingly important roles in the treatment
of malaria (Meshnick, 2002).
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With the current spread of drug resistance to standard antimalarial drugs like
chloroquine and the emergence of artemisinin-resistant parasites, new drugs
for the treatment of malaria are urgently needed.

1.9

AFRICAN TRADITIONAL MEDICINAL PLANTS

Plants play a central role in African indigenous systems of medicine and the
number of medicinal plants reportedly in use in Africa for the treatment of
malaria and related symptoms runs into several hundreds. Interestingly, only
a very small percentage of this large number has been scientifically
evaluated even at the preliminary screening level. In Africa, the uses of
indigenous plants play an important role in the treatment of a variety of
parasitic diseases (Phillipson, 1985). African healers use a wide variety of
plants in the preparation of treatments for malarial infections caused by
Plasmodium falciparum.
Globally, medicinal plants form the principal component of traditional
medicine. This implies that over 3300 million people use medicinal plants on
a regular basis. An estimated 22 drugs from 94 plant species have been
discovered through ethnobotanical leads (Fabricant and Farnsworth, 2001).
The approach of retrieval of information on the folk use of plants often yields
more potentially useful compounds than the empirical approach (Carvalho et
al., 1991, Craigg et al., 1997). Extracts of the West African climbing shrub,
Cryptolepis sanguinolenta have been used widely by African herbalists to
cure malaria. The presence of the alkaloid, cryptolepine which is obtained in
high yield from the roots has been attributed to the antimalarial activity. The
in vitro activity of cryptolepine was first reported against a multidrug resistant
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strain of Plasmodium falciparum (K1) and in vivo suppressive activity against
rodent malaria was observed when given orally but not subcuteously (AddaeKyereme et al., 2001). The bioactive possibilities of cryptolepine as an
antimalarial agent have been reported more recently. Cryptolepine was
considered as an alkaloid having the possibilities to be an antimalarial
bioagent (Kirby et al., 1995, Wright, 2001).
Artemisinin (from Artemisia annua) is an outstanding example of an
antimalarial

drug

which

has

been

developed

from

knowledge

of

ethnopharmacology (Phillipson and Wright, 1991). Medicinal plants used in
traditional medicine should therefore be studied for safety and efficacy.

1.9

ETHNOBOTANICAL SURVEYS OF AFRICAN MEDICINAL PLANTS

Although, investigations on African medicinal plants have been on the
increase all over the world in recent years, not up to one third of known
medicinal plants have been studied or developed into drugs (Sofowora,
1993). Information on the use of plants for the treatment of malaria in African
countries can be obtained from a number of sources (Watt and BreyerBrandwijk, 1962, Burkill, 1985, Dalziel, 1937, Kokwaro, 1975, Ayensu, 1978,
Oliver-Bever, 1986, Sofowora, 1982, 1993, Irvine, 1961, Iwu, 1993). Similarly,
a great deal of research has so far been undertaken and reported on
medicinal plants in Nigeria. However, only a small percentage of the
medicinal plants in Nigerian ethnomedicine have so far been researched into
with a few of them described and identified. Extensive lists of plants which
have folkloric reputations for the treatment of malaria and other ailments
are now generally available in Nigeria (Agoha, 1974, Oliver, 1980, Gill,
1992, Mann et al., 2003).
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Two previous and more recent studies aimed at compilation and cultural
categorization of febrile illnesses in correlation with herbal remedies used
for treatment of malaria in southwestern and middle belt zone of Nigeria have
been reported (0kpako and Ajaiyeoba, 2004, Ajaiyeoba et al., 2005,
Ajaiyeoba et al., 2006). Similarly, a survey conducted on seven plants
identified in the middle belt zone of Nigerian with in vitro antiplasmodial
activity has been reported (Ajaiyeoba et al., 2004). These impressive
numbers of plants have folkloric reputation as remedies for malaria. It
includes the various parts of plant used as well as their scientific and family
names. From this wealth of information on antimalarial plants used in Africa
especially in Nigeria, it is hoped that new leads will be discovered.

1.10

AIM AND OBJECTIVES

The aim of this project is to screen medicinal plants reported by
ethnobotanical surveys used for malaria treatment with a view to developing
new antimalarial agents from them.
The objectives are as follows:


To carry out ethnobotanical survey of plant traditionally used for the
treatment of malaria.



To determine the antiplasmodial activities of extracts and fractions using
bioassay-guided fractionation and screening techniques.
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To carry out the extraction, purification, isolation and characterization of
compounds from these active extracts using different chromatographic
and spectroscopic techniques.
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CHAPTER 2
MATERIALS AND METHODS
2.1
2.1.1

PHYTOCHEMISTRY
SOLVENTS AND CHEMICALS

The solvents used were all general purpose reagent grade obtained from
BDH Chemical Ltd, UK while the chemicals were obtained from Sigma.

2.1.2

FIELD STUDY/SURVEY

The plants used in this work were selected after a careful study of available
literature and from the results of ethnobotanical survey/field study carried out
between July and September 2006 in Suleja (Niger State) and Abuja (FCT),
Nigeria. Information was obtained through interviews with ethnobotanists,
traditional healers, herbalists/herb sellers and villagers in the study areas in
order to select plants used to treat malaria fever.

2.1.3

PLANT COLLECTION AND AUTHENTICATION

Thirty-six (36) selected plant species distributed in 30 families were collected
in their natural habitats in Nigeria (Suleja and Abuja) between July and
September 2006.

Botanical determination of the plants was performed by

taxonomists from the National Institute for Pharmaceutical Research and
Development (NIPRD), Abuja, Nigeria where voucher specimens were
deposited at the NIPRD Herbarium. A total of sixty-five (65) plant extracts
were screened for their antiplasmodial activities (Section 3.1).
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2.1.4

EXTRACTION OF PLANT MATERIALS

The procedures used in the extraction of plants depended primarily on the
kind of plant sample and also on the alkaloid contents (Wagner et al., 1996).

2.1.4.1

COLD MACERATION

The plant materials (leaves, stem bark, roots, fruits and seeds) were dried
and powdered. 50g of each pulverized plant material was extracted by
maceration overnight (24 hours at room temperature) in 500ml of 70%
aqueous methanol with agitation. The extracts were filtered and concentrated
to dryness under reduced pressure using rotary evaporator. The dried
extracts were stored in the fridge for biological assays.

2.1.4.2

BULK EXTRACTION

Appropriate large scale or bulk extraction was carried out for plant materials
with promising results from the preliminary bioassay screening. The plant
materials were extracted exhaustively using methanol by maceration for 24
hours. The extracts were filtered and the filtrate concentrated to dryness
under reduced pressure using rotator evaporator. The concentrations of the
extract were made in water and used in the experiments.

2.1.4.3

FRACTIONATION OF METHANOL EXTRACTS

The methanol extract obtained was successively extracted with n-hexane
and then partitioned between chloroform and water. The chloroform extracts
were dried by shaking with anhydrous sodium sulphate and filtered. The
aqueous solution was further extracted with n-butanol to provide the
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n-butanol fraction. The filtrates obtained were concentrated under reduced
pressure and stored at 4 0C for further biological tests (Fig 2.1).

Extraction

Cold Maceration

Figure 2.1 Flow chart diagram showing the method of extraction and
fractionation of plant material.

2.1.4.4

BIOASSAY - GUIDED FRACTIONATION

Bioassay-directed fractionation was used in the detection of the active
extracts/fractions responsible for the antiplasmodial activity using the parasite
lactate dehydrogenase (pLDH) assay. The hexane, chloroform, butanol and
aqueous (water) extracts obtained from the plant samples were further tested
in vitro against the 3D7 and K1 strains of Plasmodium falciparum for their
36

antiplasmodial activity. The fraction(s) which presented the highest activity
were further fractionated using chromatographic techniques described below
(Figure 2.2) and the bioassay screening repeated.

Methanol Extract
(PAF)
(Dissolved in water)
Partition

Extraction with Chloroform

H2 O

NH4OH (pH 9)

Neutral CHCl3
(PAFA)

Basify

Aqueous Phase
(Basic)
Chloroform Extraction

Aqueous Phase
(PAFB)

Partition

Basic CHCl3 (PAFC)
Alkaloid Soluble
Bioassay-Guided Fractionation

Chromatography

Purification
Column Chromatography
(TLC, prep TLC, Flash)

Preparative Layer
Chromatography
(The Chromatotron)

Gel Filtration (Permeation)
Chromatography

Figure 2.2 Schematic diagrams showing the method for bio-assay directed
fractionation and the isolation of Prosopis alkaloids (Section 4.3.2).
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2.1.4.5

DETECTION OF COMPOUNDS ON TLC PLATES

The compounds (or spots) on the analytical TLC plates were visualised under
UV lamp fluorescent at 254nm and 366nm after development with
appropriate mobile solvent system in a developing tank. Spray reagents such
as Dragendorff’s spray and Vanillin/Sulphuric acid reagent (A1.1) were used
in the detection of compounds present in the samples. All spray reagents
were freshly prepared before use and stored at 2-8 0 C.

2.1.5
2.1.5.1

CHROMATOGRAPHIC TECHNIQUES
THIN LAYER CHROMATOGRAPHY (TLC)

Analytical thin layer chromatography (TLC) analysis was carried out using
pre-coated silica gel (Merck, TLC Silica gel 60 GF254, Aluminium Sheets 20 x
20 cm, 0.2µ thickness). For preparative layer chromatography, pre-coated
TLC silica gel with fluorescent indicator UV254 glass plates (Macherey-Nagel,
Germany; SIL G-200 UV254, 20 x 20 cm, 2.0mm layer) was employed.

2.1.5.2

FLASH CHROMATOGRAPHY

Flash chromatography was carried out using TLC grade silica gel [(Merck,
Silica gel 60 for TLC; M=60.09g/mol; particle size =40-63µm, 230-400 mesh)
and aluminium oxide (May & Baker, Chromalay™ Al2O3 for TLC)] under
air pressure (Mohrig et al., 1998). The flash technique is a very simple
modification of an ordinary column chromatography. A typical column uses
silica gel adsorbent (40-63um) packed to a height of 5 inches in a relatively
short glass column of 20-mm diameter (Figure 2.3). The apparatus used for
flash chromatography consists of a glass column fitted with a Teflon stopcock
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at the bottom to control the flow rate of solvent. A plug of glass wool or a
layer of sand is placed in the bottom of the column to act as a support for the
adsorbent. The column is filled with adsorbent using either dry or wet pack
method. When the column has been filled, a fitting is attached to the top of
the column and the entire apparatus is connected to a source of high
pressure air which forces the solvent through the column of adsorbent (Still et
al, 1978). The flash technique is not only much faster but also more efficient
because of the small pore size of adsorbent used. The total time to prepare
and completely elute the column is often under 15 minutes depending on the
amount of sample (mg) being eluted. This system is therefore most
appropriate to separate components of a 250-mg sample (Pavia et al., 2005).

Figure 2.3 Apparatus for flash chromatography
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2.1.5.3

PREPARATIVE LAYER CHROMATOGRAPHY (PLC)

The preparative layer chromatography was performed on pre-coated silica
and alumina gel disk layer (Sigma- Aldrich, Silica gel TLC standard grade,
F254, 30 x 35 x 30cm; 1-4mm thick) and Aluminium oxide (May & Baker,
Chromalay™

Al2O3

for

TLC)

using

the

Chromatotron

(T-Squared

Technology, Incorporated, USA, Model 7924T,). The Chromatron is a
preparative, centrifugally accelerated, radial, thin-layer chromatograph
(Figure 2.4).
Principle of Operation: The sample or mixture to be separated is applied as
a solution near the centre of the rotor which is coated with the adsorbent (14mm thick). Elution by solvent is performed under nitrogen. The elution
develops circular bands of separated components which are spun off the
edge of the rotor disc together with solvent. A novel collection system brings
the eluate to a single output tube, at which fractional collection are made.
The separation process of purification usually takes about 20 minutes or less
to complete.

The chromatotron has several advantages as a purification

method. It is simple and satisfactory separation can be obtained for
components that have different RF values. Similarly, substances with very
close values can also be separated with special care. A UV transparent lid
also allows direct observation of UV absorbing or colored compounds during
separation. There is equally no spotting of samples or scraping of bands and
solvents are used sparingly. The layer thickness of 1, 2, 4, or 8 mm can be
employed to give high capacity and sorbent layer is easily regenerated in situ
for reuse. Gradient elution is easy and a nitrogen atmosphere prevents
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oxidation of samples. It replaces preparative TLC plates, small columns and
even high pressure (performance) liquid chromatography (HPLC).

Figure 2.4 The Chromatotron for centrifugally-accelerated TLC (Pinder,
1985).

2.1.5.4 GEL FILTRATION (PERMEATION) CHROMATOGRAPHY
Gel filtration chromatography was carried out using Sephadex gel (SigmaAldrich, Lipophilic Sephadex ®LH20; Bead size: 25-100µ). The sample or
mixture to be separated was applied as a solution and elution was carried
out in a single solvent usually chloroform, methanol or a mixture of the two
solvents. The gel filtration relies on the sieving effect rather than on chemical
affinity of compounds being separated. Here, small molecules were
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separated from large ones by filtration of the solution through a gel with pores
of such a size as to trap the former while the latter pass down the column
with the solvent (Figure 2.5).

Figure 2.5

Diagram illustrating the theory of gel filtration chromatography

(Skoog, 2006).

Sephadex is made from dextran (an anhydroglucose polymer) generated in
sucrose

solutions

by

certain

bacteria

which

are

cross-linked

with

epichlorohydrin. The use of Sephadex enables the separation of low to high
molecular weight components. It swells in contact with water and is capable
of separating a variety of water-soluble natural products (Andrew, 1964,
Skoog, 2006).
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2.1.6

2.1.6.1

CHARACTERISATION OF COMPOUNDS

NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY

Nuclear magnetic resonance (NMR) spectra were recorded and obtained on
a JEOL Delta GX400 MHz (recording 1H at 400.17 MHz and
MHz) or JEOL ECA600 MHz (recording 1H at 600.17 MHz and
MHz)

in

appropriate

deuterated

solvents

13

C at 67.80

13

(chloroform-d,

C at 150.91
dimethyl-d6

sulphoxide, methanol-d4 and pyridine-d5). The advanced 2D-NMR techniques
such as DEPT, COSY, HMBC and HMQC were employed where necessary
and appropriate. The following notations were used for the 1H NMR spectral
splitting patterns. These are: singlet (s), doublet (d), double of doublets (dd),
doublet of triplets (dt), triplets (t), multiplet (m) and broad (br). The chemical
shifts were referenced to tetramethylsiline (TMS) as an internal standard (0
ppm).

2.1.6.2

MASS SPECTROMETRY

The mass spectra were recorded on a Micromass Quattro Ultima HPLCMSMS electrospray spectrometer in positive and negative ionisation modes.
The EIMS were recorded using the electron impact (EI) ionisation with a
Finigan MAT90 Spectrometer. Accurate mass measurements of samples
using high resolution modes were analysed by ASAP and nano-electrospray
(HNESP) methods at the EPSRC National Mass Spectrometry Service
Centre (NMSSC), University of Swansea, Swansea.
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2.1.6.3

MELTING POINT DETERMINATION

Melting points (m.p) determinations of compounds were carried out on an
Eletrothermal IA9000 Series Digital Melting Point Apparatus and were
uncorrected.

2.2

2.2.1

ANTIPLASMODIAL ASSAY

CULTIVATION OF MALARIA PARASITES

The in-vitro cultivation of the asexual erythrocytic stages of Plasmodium
falciparum was done according to methods described by Jensen and Trager
(1977) and modified by Fairlamb et al (1985). All culture procedures involving
parasites were carried out under aseptic conditions in a Cytox II Laminar
Flow cabinet. Sterile disposable tubes, transfer pipettes and flasks were used
for the investigations of antiplasmodial activity.

2.2.2

MALARIA PARASITE STRAINS

Two different strains of P. falciparum were used in this study. The 3D7 strain
known to be sensitive to all antimalarials and the K1 strain that is resistant to
both chloroquine and pyrimethamine, partially resistant to quinine but
susceptible to mefloquine, both of which were obtained in culture from
Professor D.C. Warhurst of the London School of Hygiene and Tropical
Medicine (LSHTM).
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2.2.3

PARASITE CULTURE MEDIA

The malaria parasite growth medium or RPMI 1640 medium (Appendix
A2.1.1) was used. The complete medium (CM) for culturing was prepared
prior to use by adding 2.5ml of serum to20ml of thawed RPMI 1640 in
sterile 50ml centrifuge tubes. The medium has a useful life of one week
after the serum is added. The complete medium was stored at 4 0C and
used for a maximum of 7 days.

2.2.4

RED BLOOD CELLS AND SERUM

Serum was prepared from frozen plasma (Human A +) obtained from the
Yorkshire Blood Transfusion Centre (YBTC) in Leeds. The frozen plasma
was thawed and 20ml aliquots were transferred into 30ml sterile centrifuge
tubes. 400µl of 1M calcium chloride or kaolin solution (sterilised by filtration
using a 0.22µm disposable filtration system from Corning) [A2.1.2] was
added to the 20ml plasma. Clot formation was achieved by incubating the
calcium chloride-treated plasma at 37 0C for 1 hour. The clot was broken up
by shaking vigorously and then spun at 2500rpm for 10 minutes or stirred
with a sterile rod. The supernatant (serum) was removed with a sterile
Pasteur pipette and was used to prepare the complete medium.

2.2.5

PREPARATION OF UNINFECTED PACKED ERYTHROCYTES

Packed (Human A+) erythrocytes that had been tested negative for Human
immunodeficiency virus (HIV) and anti-hepatitis antibodies were obtained
from YBTC, Leeds. The uninfected packed red blood cells for parasite culture
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was prepared by transferring the red blood cells into sterile centrifuge tubes
and washing several times in phosphate buffered saline(PBS) to remove the
erythrocytes from the plasma and buffy coat. To achieve separation, 15ml of
packed cells was aseptically transferred into a 30ml centrifuge tube; an equal
volume of PBS (A2.1.3) was added to it and centrifuged at 2500rpm for 10
minutes. The supernatant and the buffy coat of white blood cells (WBCs)
were carefully removed with a sterile pipette. This washing process was
repeated at least four times until no buffy coat layer was left and there was
no colour change in the supernatant. After washing, the blood was
resuspended in an equal volume of complete medium to give 50%
haematocrit (that is, 1 volume of malaria culture medium for 1 volume of
packed erythrocytes and was stored at 4 0C.

2.2.6

CULTURE OF P. FALCIPARUM

2.2.6.1 INITIATION OF CULTURES FROM FROZEN PARASITES
In order to establish a culture of the P. falciparum strain, frozen vials
(cryotubes) of parasites stored in liquid nitrogen were removed from the cryobank and rapidly thawed in a water bath at 37 0C. The content of the tubes
were transferred into a sterile 15ml centrifuge tube with an equal volume of
pre-warmed 3.5% (w/v) sodium chloride (Sigma) solution in RPMI 1640 and
centrifuged at 2500rpm for 5 minutes. The supernatant was removed and
the cells were then washed 3 times with 5ml PBS to remove the
cryoprotectant and NaCl from the cells. Uninfected red blood cells, 5%
haematocrit was added to make the volume up to 5ml and transferred into a
sterile tissue culture flask. The flask was gassed aseptically for 1 minute
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with 3% O2, 4% CO2 and 93% N2 and incubated at 37 0C. The flask was left
for 48 hours after which the parasites were assessed microscopically. It is
important to note here that 3.5% (w/v) NaCl was used because it is able to
remove the cryoprotectant that had penetrated the erythrocytes during
storage without causing osmotic damage.

2.2.6.2 CULTIVATION AND MAINTENANCE OF MALARIA CULTURES.
P. falciparum asexual blood stage parasites are cultured in 50ml flasks
(Corning) at 37 0C in complete culture medium (5% haematocrit) in a reduced
oxygen environment. New cultures of parasites were initiated by transferring
a calculated volume of parasitized cells from another culture and making up
to 5ml with uninfected blood in complete medium. The tissue culture flasks
containing the parasitized cells were then individually gassed with a prefiltered mixture of 3% O2, 4% CO2 and 93% N2 for 1 minute and incubated at
37 0C. The parasites obtained from cryopreserved stock were maintained at
2-5% parasitaemia in a sterile 25ml tissue flask with caps. They are most
suitable for drug assays when they are 2-5% parasitaemia, and mostly ring
stages with few or no gametocytes. P.falciparum parasites propagate 3-8
folds every 48 hours hence care was taken to avoid parasites cultures
attaining too high a parasitaemia for healthy growth. Parasitaemia was
monitored daily by making thin blood film smears. These were made by
aspirating 0.5-1ml of the culture with sterile pipette into a 1.5ml eppendorf
tube and centrifuging for 2 minutes. The supernatant was then removed
leaving a pellet of cells and an equal volume of medium to give a 50%
haematocrit on re-suspension. A drop of this was spotted on a labelled glass
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slide, and using another glass slide, a thin film of blood was formed. The film
was allowed to dry in the open air and fixed with methanol then stained with
freshly prepared 10% Giemsa‟ s stain (Giemsa BDH solution diluted 1:9
with phosphate buffer pH 7.2) for 20 minutes. The stained slides were
rinsed gently with running tap water and air dried at room temperature. The
cells were viewed using an oil immersion objective lens at 100 x 10
magnifications with a minimum of 10 fields observed. The number of infected
erythrocytes and the total number of erythrocytes were counted to determine
the percentage parasitaemia. This is defined by the equation below:

Percentage parasitaemia = Number of infected erythrocytes X 100
Total number of erythrocytes

2.2.6.3 MEDIUM CHANGE AND SUBCULTURING
The asexual stage of P.falciparum has a 48 hours life cycle in which it
changes from rings to trophozoites to schizonts and then to rings again in 48
hours, so it returns to ring stages every second day. The culture medium
should be checked at regular intervals (48 hours or less) to ensure the
healthy growth of parasites. At low parasitaemia, the culture medium was
changed every 48 hours. However, at high parasitaemia, the culture medium
was changed every 24 hours. The culture medium was changed daily by
transferring the spent culture into centrifuge tubes and spinning at 2500rpm
for 5 minutes. The supernatant obtained was removed and a volume of
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pre-warmed complete medium was added to give a 5% haematocrit. This
was transferred into a flask then gassed, sealed and incubated at 37 0C.
When the parasitaemia reached 10%, then subculturing was required. For
subculturing, a volume of the culture suspension was diluted with uninfected
erythrocytes (5% haematocrit) to 5ml in a centrifuge tube and transferred into
a culture flask. The flask was gassed, sealed and incubated at 37 0C. The
volume of the culture suspension required was calculated using the formula:
V1 = (5P2) / P1
V1: The volume of culture suspension.
P1: The % parasitaemia of the culture.
P2: The % parasitaemia of the subculture.
5: The final volume of the subculture (ml).

2.2.7

CRYOPRESERVATION OF P.FALCIPARUM CULTURES

P. falciparum parasites were preserved under liquid nitrogen in order to
ensure a continuous supply of parasites for this study. The cryoprotectant
solution (A2.1.4) was prepared by adding 28 % glycerol (Sigma), 3 % (w/v)
sorbitol (Sigma), and 0.65% (w/v) NaCl (Sigma) in distilled water (double
distilled H2O). This was then filtered with a 0.2µm sterile filter. Cultures that
were cryopreserved contained at least 5 % ring form parasites. Only young
cells (rings) can be frozen in glycerolyte medium because their membranes
are more robust and resilient to the freezing process. Cultures containing
predominantly rings were centrifuged at 2500 rpm for 5 minutes in 10ml
centrifuge tubes. The supernatant was removed using a sterile Pasteur
pipette and an equal volume of cryopreservative solution (Rowe et al., 1968)
was slowly added to the cell pellet while mixing carefully and allowed to stand
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for 5 minutes at room temperature. 0.5ml of the mixture was placed in a 2ml
screw-capped cryotube (Nunc). The tubes were labelled with parasite strain,
percentage parasitaemia, and date of cryopreservation and then transferred
to the cryopreservation bank under liquid nitrogen.

2.2.8

SYNCHRONIZATION OF PARASITE CULTURE

Synchronized parasite cultures are used for antimalarial in vitro assays in
order to obtain results that are reproducible. Depending on the stage of the
parasite's life cycle, synchronization can be carried out either with 5 %
D- sorbitol or 60 % Percoll. When the parasites are predominantly early rings,
5 % (w/v) D-sorbitol is used because it kills all other stages leaving only rings.
However, if the parasites are predominantly schizonts, then 60 % Percoll is
used because it purifies the schizonts into a distinct layer.

2.2.8.1

SYNCHRONIZATION USING 5% SORBITOL

Trophozoites and schizonts are lysed due to increased permeability of their
erythrocytes to sorbitol. This lysis is caused by an osmotic effect which
occurs during washing after exposure to sorbitol. The cultures containing
predominantly rings were centrifuged at 2000 rpm for 3 minutes in a
centrifuge tube and the supernatant removed. 5 volumes of pre-warmed 5
% D-sorbitol (A2.1.5) in double distilled H2O was added and the tubes
warmed at 37 0C in a water bath for 5 minutes. The tubes were then vortexed
briefly before centrifuging at 2000 rpm for 3 minutes. The supernatant which
was dark in colour because of the lysed erythrocytes was removed. The cells
were then washed 3 times in RPMI 1640 before they were finally resuspended in complete medium to give a 5 % haematocrit.
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The culture suspension was transferred to a new culture flask, gassed with a
pre-filtered mixture of 3% O2, 4% CO2 and 93% N2 for 1 minute and incubated
at 37 0C.

2.2.8.2 SYNCHRONIZATION USING 60% PERCOLL
Parasite cultures with 6-8 % parasitaemia and containing predominantly
matured schizonts were used. 60 % Percoll (A2.1.6) was prepared by mixing
30ml Percoll, 3ml 10x PBS and 17ml RPMI 1640. The cultures were
centrifuged at 2000 rpm for 5 minutes in centrifuge tubes and the
supernatants were discarded. The cells were then washed 3 times in RPMI
1640 and the pellets were finally re-suspended in complete medium to give a
20% haematocrit. 5ml of the 60 % Percoll was placed into a 15ml centrifuge
tube each and 2ml cell culture was slowly added into the Percoll so that a
band was formed on top of the Percoll. The tubes were centrifuged at 2000
rpm for 10 minutes. After spinning, the schizonts formed a distinct
reddish/brown band at the top of the Percoll while the rings, trophozoites, and
uninfected erythrocytes made the pellet. The distinct schizont layers were
removed with sterile pipette, transferred to centrifuge tubes and washed
twice with RMPI 1640 by spinning at 2000 rpm for 3 minutes. The
supernatant was removed and cells transferred to a new flask containing
uninfected erythrocytes and complete medium. The culture suspension was
gassed with a pre-filtered mixture of 3% O2, 4% CO2 and 93% N2 and
incubated at 37

0

C. The medium was changed and the parasitaemia

assessed microscopically after 24 hours.
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2.2.9

THE PARASITE LACTATE DEHYDROGENASE ASSAY

The method of Makler and Hinrichs (1993) was used in the assessment of
antiplasmodial activity. Parasite growth was assessed by measuring the
parasite

lactate

dehydrogenase

activity

(Makler et al., 1993). Two

P.falciparum strains (3D7 and K1) were used in this study.

2.2.9.1

PRINCIPLE OF THE ASSAY

This assay depends on the difference in activity between the parasite lactate
dehydrogenase (pLDH) and host LDH. The accumulation and production of
pLDH can be used both in-vivo and in-vitro as indices of parasite viability.
Oduala et al, 1997 reported that the levels of pLDH correspond to the
parasite density upon initial diagnosis and show a rapid decrease with the
initiation of treatment and the resulting lower parasite densities. Makler and
co-worker (1993) have reported that pLDH activity is distinguishable from that
of host red blood cell LDH. The pLDH enzyme can utilise 3-acetyl pyridine
adenine dinucleotide (APAD) which is an analogue of nicotinamide adenine
dinucleotide (NAD), as a coenzyme in the reaction leading to the formation of
pyruvate from lactate and the APADH formed can then be measured.
However, human erythrocyte LDH carries out this reaction at a very slow rate
in the presence of APAD. Here the APADH produced is re-oxidised to APAD
in a reaction using diaphorase as catalyst, in presence of nitroblue
tetrazolium and phenazine ethosulphate (electron-coupling agent). The
nitroblue tetrazolium is reduced to blue formazan which has a λmax at
550nm. A linear relationship was found between the optical density values of
the blue formazan and percentage parasitaemia. According to Makler et al,
(1993), the inhibition profiles and the IC50 determination using pLDH assay
52

were directly comparable to those determined by [3H] hypoxanthine uptake
and the Giemsa stain microscopic methods. In addition, the pLDH assay is
reproducible, easily interpreted, rapid and inexpensive to perform.

2.2.9.2

TEST EXTRACTS/ COMPOUNDS

The plant extracts or test compounds were dried completely using rotavapor
and liquid nitrogen. The stock solutions of the test extracts/compounds and
the standard drugs, chloroquine disphosphate and artemether were dissolved
in 100% dimethyl sulfoxide (DMSO). Insoluble extracts/compounds were
vortexed and then sonicated at 40 0C to ensure complete solubilization.
DMSO was used for solubilizing the extracts because of its ability to dissolve
most organic compounds at high concentrations and its low volatility (Boiling
Point: 189 0C). The DMSO used did not exceed 0.5% (v/v) concentration
because at low concentration of 1 % and below, it had no inhibitory effect
against Plasmodium parasites.

2.2.9.3 PREPARATION OF UNINFECTED BLOOD (2 % HAEMATOCRIT)
Cultures w e r e u s u a l l y i n i t i a t e d a t a b o u t 1 % p a r a s i t a e m i a
a n d 2 % haematocrit. Uninfected blood (2 % haematocrit) was prepared by
transferring a certain volume of 50 % stock haematocrit into a
centrifuge tube and washing 3 times with PBS solution. The supernatant
was removed and the washed pellets were suspended in complete medium to
prepare the 2 % haematocrit. This is then employed as blanks in the 96 well
plates and also to prepare 1 % parasitaemia.
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2.2.9.4

PREPARATION OF INFECTED BLOOD

The parasite culture containing predominantly ring stage with high
parasitaemia was used. The selected culture was transferred into a centrifuge
tube and spun at 2500 rpm for 5 minutes and the supernatant was removed.
The volume of the resulting packed cell pellet was noted and a thin blood film
smear was made to determine the percentage parasitaemia. The cells were
washed 3 times with PBS solution and a suspension of infected red blood
cells (1 % parasitaemia and 2 % haematocrit) was prepared.

2.2.9.5

ASSAY PLATE PREPARATION

Sterile tissue culture 96 well plates (Corning) were used for the assay. 50 μl
of complete medium (CM) was added in columns 2-12 in the 96 well plates
including blanks and controls, except for those in column 1. 50 μl of the test
extract/drug solution were added to column 1 and 2 in duplicate rows for
each drug. Two fold serial dilutions were carried out using a multi-channel
eppendorf dispenser from column 2 to column 12. This was achieved by
transferring 50 μl from column 2 (highest concentration) to the column 3,
mixed thoroughly and then transferred to column 4 until the last column 12
was reached where 50 μl was discarded. Furthermore, 50 μl of the parasite
culture that had been prepared at 1 % parasitaemia and 2 % haematocrit
were added into each well including controls but excluding blanks.
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50 μl of the uninfected blood at 2 % haematocrit was added to the blank
wells only. Thorough mixing of the well content was carried out from column
12 (less drug concentration) to column 1 (highest drug concentration) while
ensuring that the total volume in all wells including blanks and controls was
100μl. The plates were kept in a sterile modular incubation chamber and
flushed for 5 minutes with a gas mixture of 3% O2, 4% CO2 and 93% N2.
The chamber containing the plates was then placed in a 37 0C incubator for
48 hours.

Figure 2.6 Addition of test extract/drug into a 96-well assay plate.

2.2.9.6

DETERMINATION OF INHIBITION

Both APAD and NBS reagents (A2.1.8 and A2.1.9) were freshly prepared.
They were mixed thoroughly in a 50ml centrifuge tube and wrapped round
with aluminium foil paper to protect from light source until required. Tris
buffer pH 9.2 (A2.1.7) and doubled distilled water were employed in the
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mixture of APAD and NBS reagents, respectively. After incubating plates for
48 hours, the plates were removed from the modular chamber and 50 μl of
APAD reagent was added to all the wells of the plates followed by 50 μl of
NBS reagent. The content of the wells was carefully mixed and air bubbles
that had formed during mixing were removed using the hot air drier. The
plates were then incubated at 37 0C for 20 minutes and the optical density
(OD) of the wells was measured at 550nm using a microplate reader (MRX
Dynatech Laboratories). The reaction was then stopped by the addition of
100 μl of a 5 % acetic acid solution to each well.

2.2.9.7

DATA ANALYSIS

The data obtained from the MRX microplate reader were exported into and
analysed using the Microsoft Excel-based program to calculate the IC50
values and percentage inhibition. Results were expressed in terms of
percentage inhibition with the % inhibition plotted against log10 drug
concentration and a dose response curve was generated using linear
regression to determine the best fitting straight line through the points
selected. Antiplasmodial activity was expressed as an IC50 value, which is
the concentration of the test drug that produces 50 % decrease in growth of
parasites.

2.2.9.8

THE POSITIVE CONTROLS

Chloroquine phosphate and artemeter were used as the standard drugs. The
chloroquine phosphate, artemeter and control (test extracts) were tested in
triplicate and in two fold dilutions from a top concentration of 10μg/ml and
500 μg/ml to 0.00097 μg/ml and 0.488 μg/ml, respectively.
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CHAPTER 3
ETHNOBOTANY AND ETHNOPHARMACOLOGY OF MALARIA
3.1

INTRODUCTION

3.1.1 ETHNOBOTANICAL SURVEY OF PLANTS WITH ANTIMALARIAL
ACTIVITY
Ethnobotany which refers to the scientific study of the botanical knowledge of
a social group and its use of locally available plants is a field of study in
which taxonomists have taken interest in recent years (Oladele et al., 2006).
Ford (1978) defined ethnobotany as a study of plant-people relationship with
three objectives in mind namely, to identify what plants are significant; to
discover how the people of a culture classify, identify, and relate to the
plants; and to examine how their perception of the plant world actually guide
their actions and concomitantly structure the floral environment.

It follows

therefore that ethnobotanical surveys are an important step in the
identification, selection and development of therapeutic agents from
medicinal plants. Instead of relying on trial and error as in random screening
procedures, traditional knowledge helps scientists to target plants that may
be medicinally useful (Cox and Balick, 1994). The approach of retrieval of
information on the folk use of plants often yields more potentially useful
compounds than the empirical approach (Carvalho et al, 1991; Cragg et al,
1997). An estimated 122 drugs from 94 plant species have been discovered
through ethnobotanical leads (Fabricant and Farnsworth, 2001). These
surveys and investigations into the tropical flora have unravelled a sizeable
proportion of plants used for malaria treatment that needs further screening
and preclinical assessment of their efficacy and safety (Table 3.1).
57

3.1.2 ETHNOPHARMACOLOGICAL

STUDY

OF

PLANTS

WITH

ANTIMALARIAL ACTIVITY
Ethnopharmacology is an important resource in which new therapies can be
discovered. The main goal of ethnopharmacology has been to discover novel
compounds, derived from plants used in indigenous medical systems, and
which can be utilised in the development of new pharmaceuticals. In the case
of malaria, the two major antimalarial drugs widely used today came
originally from indigenous medical systems, that is, quinine and artemisinin,
from Peruvian and Chinese ancestral treatments, respectively (Soh and
Benoiit-Vical, 2007). Artemisinin from Artemisia annua is therefore an
outstanding example of new antimalarial molecule/drug which has been
developed from the knowledge of ethnopharmacology. Artemisinin has been
used effectively in the treatment of cerebral malaria caused by P.falciparum
resistant to chloroquine

3.1.3 SITUATION IN WEST AFRICA
West Africa occupies an area in excess of 6,140,000km 2, or approximately
one-fifth of Africa. The United Nations definition of Western Africa includes
the following:

Benin, Burkina Faso, Cape Verde, Ivory Coast, Gambia,

Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria,
Senegal, Sierra Leone and Togo (Figure 3.1)
With a total population of nearly 300 million people, sub-Saharan West Africa
represents the region with the largest population exposed to high levels of
malaria transmission (Kleinschmidt et al., 2001). However, West Africa
remains rich in biological resources which comprises of both plants and

58

animals. The natural environment in this area consists of subtropical and
tropical regions with semi-arid and humid climates with numerous varieties of
medicinal plants growing there which are widely used in the treatment of
malaria, among many other diseases (Soh and Benoiit-Vical, 2007).

Figure 3.1 An empirical malaria distribution map showing survey locations
and agro-ecological zones for West Africa (Kleinschmidt et al., 2001).

Although investigations on African medicinal plants have been on the
increase all over the world in recent years, not up to one third of known
medicinal plants have been studied or developed into drugs (Sofowora,
1982). The scientific investigation on the pharmacology and toxicology of
extractives from plants is aimed at biological screening of plants for their
physiological effect. This further help to clarify the acclaimed medicinal use
given by herbal practitioner and the classification of the plant into any of the
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major pharmacological groupings such as nervous system drugs, heart
drugs, gastrointestinal tract drugs , to mention but a few. According to a
recent report, forty-eight ethnobotanical studies have been collected in 9 out
of 16 West sub-Saharan Africa countries from 1987 to 2007. Ivory Coast
was the country with highest number where most studies have been carried
out, particularly, in vitro and cytotoxicity tests. This was closely followed by
Nigeria with the highest number of studies in the case of in vivo tests (Soh
and Benoiit-Vical, 2007). The ethnopharmacological information in the search
for new antimalarial agents from plants is therefore vital to the developing
economy of Nigeria.

3.1.4 TRADITIONAL METHODS AND PRACTICE IN THE TREATMENT
OF MALARIA IN NIGERIA.
Nigeria consists of various distinct cultural entities including over 250 ethnic
groups. Most are concentrated in specific geographic areas, the Hausa and
Fulani in the North, the Yoruba in the Southwest, and the Igbo in the
Southeast. Other sizable groups include the Kanuri in the North, the Edo, Efik
and Urhobo in the South and the Tiv in the centre (Abubakar et al, 2007).
The direct use of plants for curing and healing is as old as man himself.
However, a considerable amount of secrecy, superstition and belief has
always been associated with the practice of traditional folk medicine. This
has led people, in more sophisticated cultures to ascribe too much of the
effect to mere belief and wishful thinking and too little to the actual existence
of potent substances. Despite the fact that the traditional approach to health
care delivery system is popularly practised in Nigeria and in spite of the
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availability of the medicinal herbs from local markets, very few, if at all any of
the local herbal preparations or concoctions has been use in any hospital or
government health centres. This is probably due to the lack of adequate
information on the subjects, the crudity of the traditional techniques and the
uniqueness of the philosophy embodied in traditional medicine (Akinniyi et al.,
1986). The oldest component of the Nigerian health sector consists of
traditional healers and birth attendants, who are the de facto providers of
primary health care (Abubakar et al., 2007). These healers provide clientcentered and personalised health care that is culturally appropriate, holistic
and tailored to meet the needs and expectations of the patients (Iwu, 1994).
There is also a general belief that the remedies used in traditional medicine
are safe and more readily acceptable by the body (De Smet, 1991). Through
ethnobotanical surveys, medicinal plant research is directed at verifying
ethno-medical claims made by herbalists with the ultimate aim of isolating
active compounds and standardizing the crude extracts used in traditional
medicines (Sofowora, 1986, Sofowora, 1993).

3.1.5 THE NEED FOR ETHNOBOTANICAL SURVEY
Plants play a central role in African indigenous systems of medicine. In rural
populations in Africa, people often use ethnobotanical and ethnomedical
alternatives for the management of health problem including malaria. Such
alternative remedies have provided leads for the development of drugs useful
in therapeutics as practiced in western medicine (Phillipson, 1994, Heinrich,
2000).
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In every developing country it is necessary that the documentation of
medicinal herbs be treated as a matter of extreme urgency. Many traditional
medical practitioners are old men and since, in many cases, the information
has not been recorded, there is danger that this cultural heritage and basis
for future research may be lost forever (Sofowora, 1993). In addition, the
documentation of medicinal uses of African plants has become increasingly
urgent because of the rapid loss of the natural habitat of some of these plants
due to anthropogenic activities (Iwu, 1993). In order to preserve the
knowledge about the ethnobotanical practices of the people of Nigeria and
Africans in general, it is important to document the knowledge held by the
traditional medical practitioners as this will enhance knowledge and respect
for medicinal plants.
The aim of this study was to collate information from the indigenous people
living in the ecological study area about their current traditional uses of plants
for the treatment of malaria. The survey was carried to study the perception,
identification and classification of folkloric medicinal plants/herbs used in the
treatment of malaria in the ecological zones which comprises of Abuja and
Suleja in the Middle Belt region of Nigeria.
The survey also aims to provide an inventory of medicinal plants used for the
treatment of malaria by these traditional communities. Thus, the overall aim
of the field study or survey was to identify plants traditionally used against
malaria and to determine the most active extracts for further bioassay-guided
fractionation, isolation and characterization of bioactive principles from
indigenous medicinal plants.
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3.2

METHODOLOGY

3.2.1 FIELD STUDIES/STUDY SITE
Field work was carried out between July and September 2006 in the
distinct areas of Abuja (Federal Capital Territory) and Suleja (Niger State) of
Nigeria. There are four main groups of indigenous people living in these
areas namely the Gbabyi (also known as the Gwari) and Koro (Abuja) and
the Hausa and Nupe (Suleja). The area has an estimated population of 1.5
million people put together, with the Federal Capital Territory well over 1.4
million people. This area falls within the Guinean forest-savanna mosaic zone
of the West Africa sub-region (Kleinschmidt et al., 2001). The vegetation
consists of woodland and tall grass savannah (Figure 3.2).

3.2.2 ETHNOBOTANICAL SURVEY
The ethnobotanical survey was carried out to identify plants used in
traditional medicine against malaria. The techniques used to obtained
information about the species of plants used in the treatment of malaria in the
study areas include field interviews of local indigenes using questionnaires
and interviews with herbalists. During the survey, information was obtained
through interviews and interaction with traditional healers, herbalists/herb
sellers, farmers and villagers in the study areas in order to select plants used
to treat malaria fever according to standard methods (Sofowora, 1986). The
respondents were in the age range of 40-80 years comprising of both men
and women. Generally, the interviews were conducted in Hausa (Nigerian
language) which is the commonly understood and spoken in these survey
areas. Trained ethnobotanist and plant collector served as guides during the
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conduct of the interviews and collection of plants from their natural habitats
(Figure 3.2). The questionnaire was structured with prompts for the source of
information, identity of the plant species (using local names), methods of
preparation, dosage (prescription) and mode of administration. All questions
were geared towards locally available plants used in the treatment of malaria
and the information given was treated with confidentiality.
Information on the use, preparation, application and properties of the plants
as well as descriptions of malaria illnesses and treatments were obtained by
interviewing the herbalists on medicinal plants and other healers from the
different regions. The plants used in this work were therefore selected
following an ethnobotanical survey conducted in Nigeria by the author and
after a careful study of available literature focusing on plants used
traditionally to treat malaria. The aim of the field study or survey was to
identify plants traditionally used against malaria and to determine the most
active extracts for further biological screening.

3.2.3 DOCUMENTATION
Plants were identified by comparison with authentic specimens and in some
cases with the assistance of trained ethnobotanist and taxonomists. Voucher
specimens in the form of herbarium sheets were deposited in the herbarium
of the National Institute for Pharmaceutical Research and Development,
Abuja-Nigeria for reference.
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Figure 3.2. Geographic and Vegetation Map of Nigeria showing the woodland and tall
grass savanna areas for the Ethnobotanical Survey.
Source:

Perry-Castaneda

Library

Map

Collection,

(http://www.lib.utexas.edu/maps/nigeria.html)
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University

of

Texas,

USA.

3.2.4

PLANT COLLECTION FROM THE HABITATS

The plants selected from the result of field studies were collected in their
natural habitats with the assistance of trained ethnobotanist and plant
collector from the National Institute for Pharmaceutical Research and
Development, Abuja-Nigeria where the voucher specimens are deposited.
Most of the plants were collected in the morning between 7am and 10am.
This according to the belief of the local people is the best time for collection
as most of the plant are just ‘‘waking up’’ from sleep and still retained their
active components. Their collection was carried out after a careful study of
available literature and information obtained on their ethnobotanical uses.

3.2.5

METHOD OF PREPARATION AND FORMULATION OF HERBAL

MEDICINES
Materials used in preparing traditional medicines mostly include plant parts,
which are gathered fresh from forests or other natural vegetation types. The
plant part commonly used are varied and comprises of leaves, root, bark,
stem bark, fruits, seeds, flowers and exudates. When harvested, the plants
are usually sun dried for preservation and for subsequent use. Other
materials used in the preparation/formulation of the herbal extracts include
alcoholic drink, palm wine, palm kernel oil, honey, potash, Shea butter and
clay chalk. The preparations are boiled extracts mostly or imply plant
materials soaked or dissolved in water, alcohol, palm wine, honey, palm oil
and palm kernel oil. Occasionally, the plant materials are taken in the fresh or
dry state, that is, in a state which allows their utilization throughout the year.
The most widely used preparations are decoctions, infusions, gruel and
poultice (Msonthi 1986). Most medicinal plants are often administered in the
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form of teas, which are either prepared by infusion or decoction. Infusion
consists of pouring boiling water on a suitable amount of drug (plant material)
and allowed to stand for 10 – 15 minutes.

Alternatively, the drug (plant

material) and cold water are placed in a covered vessel or container, which
is heated to boiling point, immediately removed from the source of heat and
allowed to stand for 10 – 15 minutes. This second method is usually prefered
by many of the local indigenes interviewed.
Decoction, on the other hand, consist of placing the drug in cold water,
raising it to the boil, continuing the boiling for 10-15 minutes, then allowing to
stand for a quarter of an hour. Many active constituents are altered by this
process of decoction especially where the constituents are thermolabile or
heat-sensitive. In addition to these widely used methods, inhalation method or
heat therapy is sometime employed. Here, the whole plant or a mixture of
plants is boiled in water in a small pot. The patient then inhales the vapour
while covered in a thick blanket or blankets. This heat therapy is very
popular for the treatment of malaria or jaundice. The infusion or decoction
obtained in the process may also be used to bathe the whole body in the
case of headaches and colds.

3.2.6

THE PARASITE LACTATE DEHYDROGENASE ASSAY

The assessment of antiplasmodial activity was carried out by measuring the
parasite lactate dehydrogenase activity (Section 2.2.9).
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3.3

RESULTS AND DISCUSSION

3.3.1 FIELD STUDY/SURVEY
This survey has identified medicinal plants useful in the treatment of malaria
(Table 3.1). There is a rich variety of approaches employed in the treatment
of malaria in Nigerian traditional medicine. A large number of plants are used,
most of which contain multiple plant components. Plant remedies are used as
decoctions, infusions, powders, with food or drinks. The information collected
during the ethnobotanical survey showed that traditional preparations were
often made as decoctions. The treatment sometimes consisted of drinking
cold or hot decoction in the form of teas. This form of treatment is usually
recommended for mild attacks of malaria. Body baths were also employed
along side with oral treatment. Many of the plant genera were found to be
used either alone or in combination with each other for the treatment of
malaria (Table 3.2 and 3.3).

3.3.2 ANTIMALARIAL PLANTS
During this ethnobotanical survey, a total of 61 plant species from 59 genera
distributed in 34 plant families were found to be used traditionally for the
treatment of malaria. The plant selection was based on the results of field
studies carried out by the author between July and September 2006 in
Nigeria. Table 3.1 shows a list of medicinal plants obtained from the result of
the ethnobotanical survey carried out that are widely used in Nigeria for the
treatment of malaria in the traditional medical practice. The plants are
arranged alphabetically according botanical names, plant families including
the plant part(s) used.
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Table 3.1

List of Medicinal Plants from Ethnobotanical Survey used for the Treatment of

Malaria in Nigeria.
PLANT SPECIES
Abrus precatorius Linn

FAMILIES
Leguminosae:

PARTS USED
Seed, leaves

Caesalpinioideae
Acanthospermum hispidum DC

Asteraceae

Whole plant

Afrormosia elata (Harms) Van

Leguminosae:

Leaves, stem bark, root

Meeuwen

Papilionoideae

Afrormosia laxiflora (Benth.) Harms

Leguminosae:

Leaves, stem bark, root

Papilionoideae
Borreria verticillata Linn

Rubiaceae

Leaves

Cassia occidentalis Linn

LeguminosaeCaesalpinioideae

Leaves, root, fruit

Cassia tora Linn

LeguminosaeCaesalpinioideae

Leaves, root

Ceiba pentandra Linn

Bombacaceae

Leaves, stem bark

Cochlospermum tinctorium A Rich

Cochlospermaceae

Leaves, stem bark, root

Dialium guineense W illd.

Leguminosae:

Leaves, stem bark, fruit

Caesalpinioideae
Dichroctachys cinerea (Linn)

Leguminosae:

Leaves, stem bark, root

Wight & Am

Mimosoideae

Dioscorea bulbifera Linn

Dioscoreaceae

Tubers

Diospyros mespiliformis Hochst.

Ebenaceae

Leaves, Stem bark, root ex

Ficus asperifolia Miq.

Moraceae

Leaves, root

Gardenia erubescens Stapf & Hutch

Rubiaceae

Leaves, stem bark, root

Hymenocardia acida Tul.

Euphorbiaceae

Leaves, Stem bark, root

Hyptis suaveolens Poit.

Lamiaceae

Leaves

Isoberlinia doka Craib & Stapf.

Leguminosae-

Leaves, stem bark

A. DC

Caesalpinioideae
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Table 3.1 List of Medicinal Plants from Ethnobotanical Survey used for the Treatment of
Malaria in Nigeria (Continued).
PLANT SPECIES

FAMILIES

PARTS USED

Kaempferia aethiopica (Schweinf.) Benth Zingiberaceae

Leaves, rhizome

Khaya ivorensis A Chev.

Meliaceae

Stem bark, root

Lantana camara Linn

Verbenaceae

Leaves

Lophira alata Banks ex Gaertn.

Ochnaceae

Leaves

Luffa cylindrica Linn

Cucurbitaceae

Leaves

Moringa oleifera Lam.

Moringaceae

Leaves, stem bark

Paullinia pinnata Linn

Sapindaceae

Leaves

Pavetta crassipes K Schum.

Rubiaceae

Leaves

Parkia biglobosa (Jacq.) Benth

Leguminosae:

Leaves, stem bark

mimosoideae
Phyllanthus amarus Schumach & Thonn Euphorbiaceae

Whole plant

Physalis angulata Linn

Solanaceae

Whole plant, leaves, fruit

Prosopis africana (Guill. & Perr.) Taub.

Leguminosae:

Leaves, stem bark, root

mimosoideae
Sansevieria liberica Gér. & Labr.

Agavaceae

Solenostemon monostachyus (P.Beav.) Lamiaceae

Leaves
Leaves

Briq
Spondias mombin Linn

Anarcardiaceae

Leaves, stem bark, fruit

Stereospermum kunthianum Cham.

Bignoniaceae

Leaves, stem bark

Sterculia setigera Delile

Sterculiaceae

Stem bark

Strychnos spinosa Lam.

Loganiaceae

Leaves, stem bark

Syzygium guineense (Willd.) DC.

Myrtaceae

Leaves, stem bark

Terminalia avicennoides Guill. & Perr.

Combretaceae

Leaves, stem bark, root

Terminalia cattapa Linn

Combretaceae

Leaves, stem bark, root

Terminalia macroptera Guill. & Perr.

Combretaceae

Leaves, stem bark, root

Vitex doniana Sweet

Verbenaceae

Stem bark

Ximenia americana Linn

Olacaceae

Leaves, stem bark, root
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Table 3.2 showed the results of the methods of preparation, dosage
(prescription) and mode of administration of 18 single antimalarial plants
while Table 3.3 showed three (3) herbal plant formulations/combinations used
in Nigerian Ethnomedicine.

3.3.3 PLANT COLLECTION AND PREPARATION.
The selected plant species were collected from their natural habitats in
Nigeria with the assistance of an ethnobotanist and plant collector from the
National Institute for Pharmaceutical Research and Development (NIPRD),
Abuja –Nigeria (Figure 3.2).

The two methods employed in the drying of the plant materials include open
air drying and oven drying process in a drying cabinet (Figure 3.3 and 3.4)

3.3.3.1

OPEN AIR DRYING

The stem bark, leaves and fruits of the collected plants were carefully sundried for 3 days to one week depending on the thickness and nature of the
plant part or parts collected. After drying, the plant samples were pulverized
to coarse powder in a mortar. The plants were spread on an even surface or
board and allowed to dry under shade away from the direct effect of the
sunlight (Figure 3.3).
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73

Table 3.2
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3.3.3.2 OVEN TYPE DRYING (DRYING CABINETS WITH FILTERED AIR)
The drying cabinet used (UNITEMP, LTE Scientific, UK) has a fine filter on
the input side of the fan heater system so that plant parts are not soiled by
dirty air entering the cabinet. A hydraulic thermostat regulates the control of
the air temperature from 50C above ambient to 900C and permits controlled
drying of heat sensitive substances such as plants. Thus the cabinet is an
idea drying tool for plants with thermolabile constituents (Figure 3.4).

Figure 3.3 The author, plant collector and ethnobotanist in the natural habitat
of selected plants and the harvested plants in sacks.
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Figure 3.4 Open air drying of Physalis angulata fruits and leaves (top) and
Prosopis africana leaves (bottom right - labelled) in operation.
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Figure 3.5 Oven drying of stem barks, roots and other plant parts in the
drying cabinet.
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3.3.4 ANTIPLASMODIAL ACTIVITIES OF THE PLANT EXTRACTS.
The antiplasmodial activity of 65 plant extracts comprising of the leaves, stem
barks, barks, roots and fruits extracts from 36 species distributed in 30 plant
families were screened against Plasmodium falciparum (3D7 and K1 strains)
using the parasite lactate dehydrogenase (pLDH) assay. The antiplasmodial
activity expressed as MIC values in µg/ml are presented in Table 3.4
From the preliminary screening, five (5) of the plant species were found to
have antiplasmodial activity

(MIC ≤

125µg/ml) against

Plasmodium

falciparum. The methanol extracts of Cassia occidentalis, Prosopis africana
and Physalis angulata were found to have more potent antiplasmodial activity
with MIC values of 15.63µg/ml and 31.25µg/ml against the malaria parasite
strain 3D7 and K1, respectively than that of Acanthospermum hispidum and
Kaempferia aethiopica with MIC values of 31.25µg/ml and 62.50 µg/ml
against the malaria parasite strains 3D7 and K1, respectively. However, the
extract of the leaves of Prosopis africana was found to have the most potent
antiplasmodial activity against the malaria parasite strains 3D7 (MIC,
7.815µg/ml) and K1 (15.63µg/ml) of Plasmodium falciparum (Table 3.4).
The methanol extract obtained was successively extracted with n-hexane
and then partitioned between chloroform and water (Section 2.1.4.3). The nhexane, chloroform, butanol and aqueous fractions of these species were
assessed against Plasmodium falciparum (3D7 and K1) strains for their
antiplasmodial activity.
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Table 3.4

In vitro antiplasmodial activity of crude plant extracts from

ethnobotanical survey against chloroquine-sensitive (3D7) and chloroquineresistant (K1) strains of P.falciparum.
Percentage Inhibition
Plant Name

Afrormosia elata
Afrormosia elata
Afrormosia laxiflora
Acanthospermum
hispidum
Acanthospermum
hispidum
Cassia occidentalis
Cassia occidentalis
Cassia tora
Cassia tora
Ceiba pentandra
Ceiba pentandra
Cochlospermum
tinctorium
Dialium guineense
Dichrostachys cinerae
Dichrostachys cinerae
Diospyros mespiliformis
Diospyros mespiliformis
Gardenia erubescens
Gardenia erubescens
Hymenocardia acida
Hyptis suaveolens
Isoberlinia doka
Isoberlinia doka
Kaempferia aethiopica
Lantana camara
Lophira alata
Luffa cylindrica
Moringa oleifera
Parkia biglobosa
Paullinia pinnata
Pavetta crassipes
Physalis angulata
Prosopis africana

Plant Part(s)

Leaves
Bark
Leaves, Bark, Root
Leaves
Root

(MIC, µg/ml) n=3
3D7
K1
250
500
>500
>500
125
250
31.25
62.50
250

500

Leaves
Fruit, Root
Leaves
Root
Leaves,
Stem bark
Leaves,

15.63
125
62.50
125
125
250
250

31.25
250
125
250
250
500
500

Leaves, Bark
Leaves, Stem bark
Root
Leaves
Stem bark, Root
Leaves
Stem bark
Leaves
Leaves
Leaves
Stem bark
Leaves, Rhizome
Leaves
Leaves
Leaves
Leaves, Stem bark
Leaves, Stem bark
Leaves
Leaves
Leaves
Leaves

>500
250
125
250
125
125
250
250
125
125
250
31.25
250
125
125
250
250
62.50
62.50
15.63
7.815

>500
500
250
500
250
250
500
500
250
250
500
62.50
500
500
500
500
500
125
125
31.25
15.63
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Table 3.4 (Continued)
Plant Name

Plant Part(s)

Sansevieria liberica
Spondias mombin
Spondias mombin
Sterculia setigera
Stereospermum
kunthianum
Stereospermum
kunthianum
Strychnos spinosa
Strychnos spinosa
Syzygium guineense
Syzygium guineense
Terminalia avicennoides
Terminalia avicennoides
Terminalia catappa
Terminalia macroptera
Terminalia macroptera
Vitex doniana
Waltheria indica
Ximenia americana
Ximenia americana

Leaves
Leaves, Fruit
Bark
Stem bark
Leaves

Percentage Inhibition
(MIC, µg/ml) n=3
3D7
K1
125
250
125
250
250
500
500
>500
250
500

Stem bark

>500

>500

Leaves
Stem bark
Leaves
Stem bark
Leaves, Root
Stem bark
Leaves
Leaves, Stem bark
Root
Stem bark
Leaves
Leaves
Stem bark, Root

125
500
125
250
62.50
125
250
250
62.50
500
250
125
250

250
>500
250
500
125
250
500
500
125
>500
500
250
500

The result showed that the chloroform fractions of Kaempferia aethiopica,
Physalis angulata and Prosopis africana have potent antiplasmodial activities
against both strains of the malaria parasite and were found to be more active
than the corresponding methanol extracts. Pavetta crassipes has moderate
activity against the malaria parasite. Both aqueous and n-hexane fractions
were less active than the corresponding methanol extracts. However, the
chloroform extract of Prosopis africana was found to have the most potent
antiplasmodial activity against the malaria parasite strains 3D7 and K1 of
Plasmodium falciparum (Table 3.5).
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The chloroform extracts of Physalis angulata and Prosopis africana were
taken up for further phytochemical and biological evaluation to identify the
active principles that are responsible for their activity in this present study.

Table 3.5

In vitro antiplasmodial activity of fractions of active species against 3D7 sensitive

and K1 resistant strains of P. falciparum.

Plant species

P.falciparum (3D7 strain)
MIC (µg/ml)
Hex

P.falciparum (K1 strain)
MIC (µg/ml)

CHCl3

BuOH

Aq

Hex

CHCl3

BuOH

Aq

Afrormosia laxiflora

62.50

125

125

>125

62.50

62.50

>250

>250

Hymenocardia acida

>125

62.50

>125

>125

NT

62.50

NT

NT

125

31.25

125

>125

62.50

62.50

125

>250

Pavetta crassipes

>125

62.50

62.5

125

62.50

62.50

250

250

Physalis angulata

>125

15.63

>125

>125

125

31.25

>250

>250

Prosopis africana

>125

7.815

>125

>125

125

15.63

>125

>125

Spondias mombin

>125

125

125

>125

>250

>250

>125

250

Kaempferia aethiopica

Chloroquine (10µg/ml)

0.021

0.21

Artemether (5 µg/ml)

0.0038

0.038

NT: not tested; Aq: aqueous; Hex: hexane; CHCl3: chloroform; BuOH: n-Butanol.
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3.5

DISCUSSION

The therapeutic potential of plants used traditionally as antimalarial remedies
cannot be overemphasized. Using the ethnobotanical approach, several
medicinal plants having biological activities were identified. A total of 61 plant
species from 59 genera distributed in 34 plant families were found to be used
traditionally for the treatment of malaria in the woodland and tall savannah
region of Nigeria, particularly in the Federal Capital Territory, Abuja and
Suleja in Niger State.
From these identified medicinal plants, a total of 65 plant extracts were
screened for in vitro antiplasmodial activity against Plasmodium falciparum
(3D7 and K1 strains) using the parasite lactate dehydrogenase (pLDH)
assay. The methanolic extracts of ten (10) of the plant species were found to
≤

have antiplasmodial a c t i v i t y (MIC

125µg/ml) against Plasmodium

falciparum (Table 3.4). However, the methanol extracts of five (5) of the
plant species showed more potent antiplasmodial activities against the
malaria parasite strain 3D7 and K1. These are Acanthospermum hispidum,
Cassia occidentalis, Kaempferia aethiopica Prosopis africana and Physalis
angulata with MIC values ranged between 7.815µg/ml to 31.25µg/ml (3D7
strain) and 15.63µg/ml to 62.50µg/ml against the malaria parasite strains 3D7
and K1, respectively.

The chloroform extract of the leaves of Prosopis

africana was found to have the most potent antiplasmodial activity against
the malaria parasite strains 3D7 (MIC, 7.815µg/ml) and K1 (15.63µg/ml) of
Plasmodum falciparum. The result also showed that the chloroform fractions
of Kaempferia aethiopica and Physalis angulata have potent antiplasmodial
activities against both strains of the malaria parasite and were found to be
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more active than the corresponding methanol extracts. Although Pavetta
crassipes has moderate activity against the malaria parasite, Sanon et al
(2003) reported that the alkaloid rich extracts of Pavetta crassipes with IC50 <
5µg/ml demonstrated consistent antimalarial activity. The difference in the
result obtained might be attributed to seasonal variation and geographical
location coupled with the time of plant collection.
In vitro screening assays are important in validating the traditional use of
medicinal plants and for providing leads in the search for new active
compounds.

In vitro tests are more sensitive and more rapid but require

good laboratory practice. The result shown in Table 3.4 justifies their use in
traditional medicines by traditional healers. The ethnobotanical investigations
in traditional medicine may be a potential source for the discovery of novel
drugs to combat malaria.

3.6

FURTHER WORK

Ethnobotanical surveys and investigations into the tropical flora have
unravelled a sizeable proportion of plants used for malaria treatment that
needs further screening and preclinical assessment of their efficacy and
safety. The result obtained from the field study/survey showed 61 plant
species from 59 genera distributed in 34 plant families were found to be used
traditionally for the treatment of malaria. So far only 65 plant extracts
(comprising of the leaves, barks, stem barks, roots, fruits) obtained from 36
plant species distributed in 30 plant families has been screened for
antiplasmodial activity. There is necessity therefore to screen the remaining
plants with a view to identifying the most active plant extracts.
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The chloroform fractions of three species, Kaempferia aethiopica, Physalis
angulata

and

Prosopis

africana

showed

higher

activities

than

the

corresponding methanol extracts at MIC values of 7.80 µg/ml, 15.63µg/ml
and 15.63µg/ml, respectively. Although, alkaloid compounds of the plants
may

be

responsible

for

their

antiplasmodial

activities,

the

active

components against P.falciparum have yet to be identified. Further
purification and structural studies are needed to identify the compounds
responsible for the antiplasmodial activity.
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CHAPTER 4
PHYTOCHEMICAL AND BIOLOGICAL EVALUATION OF
PROSOPIS AFRICANA
4.1

INTRODUCTION: PROSOPIS AFRICANA

4.1.1 BOTANICAL DESCRIPTION

Prosopis africana (Guill., Perrott and Rich) Taubert. Family (Leguminosae) is
a small to large tree that reaches 4-20 m in height. The tree has an open
crown or canopy and drooping foliage, and slightly rounded buttresses. The
drooping foliage is similar to tamarind (Tamarindus indica) but lighter in
colour. The trees with all its branches and twigs are entirely thornless. This is
one distinguishing feature of this species. The bark is very dark and scaly
with a slash orange to red-brown and with white streaks in colour. It has
glabrous or finely pubescent foliage (Pasiecznik et al., 2003). It is also
provided with a deep, fast growing tap root. This enhances good ability for
coppicing, but fairly slow growth. Leaves are alternate and bipinnate. The
leaflets appear in 9-16 pairs with oblong lanceolate shape (12-30mm) and
shortly pubescent. Between the bases of each pair of pinnae lies a fleshy
pore-like gland. The rachis is 10-15 cm long while the flowers are greenwhitish to yellowish with fragrant in dense 6-8 cm axillary spikes. The calyx is
pubescent but petals are glabrous with 10 free standing stamens. The
anthers have a small apical gland with an ovary that is villous. Flowering
occurs shortly before the onset of the rains. The pods are shorter and thicker,
each containing around ten (10) rattling seeds. Pods are dark brown,
cylindrical, hard and shiny up to 15 x 3 cm compartmented with wood cells.
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The seeds mature in February to March containing some 10 loose rattling
seeds per pod and 7,500-8,000 seeds per kg.

4.1.2 ORIGIN AND DISTRIBUTION

Plants belonging to the genus Prosopis are fast growing trees or shrubs
distributed mainly in the arid and semi-arid tropical and subtropical regions of
the Americas, Africa and Asia (Samoylenko et al., 2008). Prosopis africana is
the only tropical African Prosopis species, occurring from Senegal to Ethiopia
in the zone between the Sahel and savannah forests. It is found
geographically distributed in the following native African countries: Benin,
Cameroon, Central African Republic, Chad, Cote d'Ivoire, Egypt, Ethiopia,
Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Senegal, Sierra Leone,
Sudan, Tanzania, Togo, Uganda and Nigeria (Fig 4.1). In Nigeria, it is found
widespread in the woodland and tall grass savannah regions of the country
(Fig 3.2; Section 3.2.1). P. africana is a tree of open savannas and will not
tolerate habitually dry sites preferring 600-1500mm annual rainfall. Hence, it
is found in moist but well-drained soils and also frequently on fallow land
(Pasiecznik et al., 2003).

Figure 4.1 Approximate native and present distribution of the genus Prosopis
Black - Approximate natural distribution (at 1500)
Grey - Approximate spread of introduced Prosopis species by the year 2000
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Figure 4.2 Typical habitat of Prosopis africana

Figure 4.3 Leaves of Prosopis africana
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Figure 4.4 Prosopis africana tree trunk

4.1.3 ETHNOBOTANICAL USES
Almost all parts of the tree are used medicinally. The leaves in particular are
used for the treatment of headache and toothache as well as various other
head ailments. Both leaves and bark are combined to treat rheumatism. The
bark is also used as remedies for skin diseases, caries, fevers and
eyewashes. The roots are a diuretic and are used to treat gonorrhoea, tooth
and stomach-ache, dysentery and bronchitis. In Mali the leaves, bark, twigs
and roots are used to treat and relieve bronchitis, dermatitis, tooth decay,
dysentery, malaria and stomach cramps. In Ghana, boiled roots serve as a
poultice for sore throat, root decoction for toothache, and bark as a dressing
or lotion for wounds or cuts.
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The pod ashes of P. africana are a source of potash for soap making in
Ghana (World Agroforestry Centre, 2008).

An ethnobotanical study of

economic trees in Nigeria revealed the extensive use of the trees as timber
wood especially among wood carvers, furniture workers and mortal makers,
and as fuel woods among charcoal makers (Bhat et al., 1990, Ogunkunle
and Oladele, 2004, Oladele et al., 2006). Prosopis africana is also used as
chewing sticks by the Yorubas in south western Nigeria. They are carefully
selected based on such properties as foaminess, hardness or bitterness
(Agboola, 2005, Kolapo et al., 2009). The shrub is used for menstrual and
general body pain in Nupe land in North central Nigeria (Ayanwuyi et al.,
2010). In Nigeria, the fermented seeds of P. africana are used as a food
condiment for the production of a traditional fermented vegetable product
called okpehe. High protein content has also been reported for P. africana
(mesquite bean) making it a good potential supplement to starchy tuber and
cereal diets of the local population. Young leaves and shoots are a fodder
that is highly sought after towards the end of the dry season and cattle are
known to eat the pods establishing their potential as sources of feed for
livestock (Ezeagu and Gowda, 2006, Oguntoyinbo et al., 2007)

4.1.4 ETHNOPHARMACOLOGICAL STUDIES OF PROSOPIS AFRICANA
A study carried out on the phytochemical composition and antimicrobial
activity of the root and stem of Prosopis africana showed both aqueous and
ethanol extract of the stem bark with inhibitory effects that are significantly
higher (P<0.05) than that exhibited by the root extracts against oral
pathogens such as Candida albicans, Streptococcus mutans and
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Staphylococcus saprophyticus. In addition, the ethanol extract exhibited a
significant higher (P<0.05) inhibitory effect on C. albicans when compared to
the water extract. These results have given scientific basis for their use in
traditional medicine practices to treat toothache and relieve tooth decay
(Kolapo et al., 2009). The hot water extract of a mixture of Anogeissus
leiocarpus and Prosopis africana has also been reported to be widely used
as a herbal remedy in northern part of Nigeria for the treatment and
management of asthma (Isimi et al., 2003). The evaluation of antiplasmodial
properties of the mixed stem bark extracts of Anogeissus leiocarpus and
Prosopis africana was carried out on the combined aqueous extract (AA1)
that was formulated as a single tablet. The results showed that AA1
suppressed parasitaemia in early infection by 50% and 69% at 200 and
400mg/kg body weight (b.w), respectively whereas in established infection, it
reduced parasitaemia by 55% and 78% at 100 to 400mg/kg body weight. The
study demonstrates that AA1 possesses antiplasmodial properties which are
indicative of its antimalarial potential. In another study by the same group, the
herbal agent or tablet (AA1) was found suitable for use in the therapeutic
management of asthma (Isimi et al., 2011, Emeje et al., 2011).

The

methanol extract of the stem bark of Prosopis africana showed a significant
(P<0.05) reduced bleeding/clotting and coagulation time in rats. The result
also showed reduced epithelialization period of excision wounds in rats and
inhibited the growth of Staphylococcus aureus, Bacillus subtilis, Salmonella
typhi, Pseudomonas aeruginosa and Klebsiella pneumoniae to a varying
extents or degrees. Acute toxicity and lethality test on the extract established
an LD50 (i.p., mice) of 774mg/kg.
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The result obtained demonstrated the beneficial effects of the stem bark of P.
africana in wound care (Ezike et al., 2010). In another ethnopharmacological
study, the methanol extract of the stem bark of Prosopis africana was
evaluated for its analgesic and anti-inflammatory activities at varying doses of
62.5,125, and 250 mg/kg. The extract significantly (P <0.05) attenuated the
acetic acid-induced writhing with the highest activity observed at the highest
dose, 250 mg/kg (76.89%) comparable to that of piroxicam (83.16%), the
standard agent used. The extract also showed significant anti-inflammatory
activity (P <0.001) from the third hour in the carrageenan-induced
inflammation assay. The oral median lethal dose was found to be 3807.9
mg/kg in mice and > 5000 mg/kg in rats. The result from this study supports
the folkloric claim of the use of P. africana in the management of pain
(Ayanwuyi et al., 2010).

4.2

ACTIVE COMPONENTS AND PHARMACOLOGICAL EFFECTS.

The preliminary phytochemical analysis of P. africana revealed the presence
of

alkaloids,

flavonoids,

saponins,

carbohydrates,

phenols,

cardiac

glycosides, tannins, steroids and terpenoids. According to the report, the
presence of saponins, tannins and alkaloids are concentrated in higher
amount in the stem and root (Kolapo et al., 2009, Ayanwuyi et al., 2010,
Ezike et al., 2010).

4.2.1 ALKALOIDS
Alkaloids are a group of molecules with a relatively large occurrence in
nature. They are very diverse chemicals but are all secondary metabolites or
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compounds derived from the amino acids or from the transamination process
with biological, pharmacological or physiological and chemical activity. Thus,
alkaloids are classified according to the amino acids that provide the nitrogen
atom and part of their skeleton. The definition of the term is not a simple one.
However, a modern definition of alkaloid proposed by S.W. Pelletier has been
adopted. He defined an alkaloid as a compound containing nitrogen at a
negative oxidation level (-3 for amines, amides and ammonium salts, -1 for
amine oxides) characterised by a limited distribution in nature. This definition
of alkaloid was adopted for the sake of clarity and consistency. Major
achievements today in the battle against malaria, leukaemia and cancer as
well as Parkinson’s disease would not be possible without alkaloids. The use
of natural plant alkaloids for the development of antimalarial agents (quinine
and chloroquine), anticancer agents (taxol, vinblastine and vincristine), and
agents promoting blood circulation in the brain (vincamine) are few examples
of the success story in the pharmaceutical drug industry (Aniszewski, 2007).
Today, there are more than 8000 natural products and their derivatives
recognised as alkaloids.

They occur frequently as acid salts, amides or

esters but also in combination with sugars. Alkaloids can also be quaternary
salts or tertiary amine oxides (Aniszewski, 2007, Pelletier, 1983).

4.2.2 PIPERIDINE ALKALOIDS
Piperidine alkaloids contain the piperidine nucleus. The piperidine ring
system is a frequently encountered heterocyclic unit found in many naturally
occurring and biologically important compounds and they continue to be a
common moiety in pharmaceutical research (Leverett et al., 2006, Watson et
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al., 2000). Among the piperidine alkaloids found in nature, the 3-hydroxy-2,6disubstituted prosopis alkaloids such as prosopinine, prosophylline and
their deoxo analogues (2,4) (Figure 4.5) have interesting stereochemical
variations at the C-2, C-3, and position C-6 that have attracted much
attention. Besides the interesting structural features, these alkaloids exhibit a
wide range of biological activities. For example, prosophylline is a prosopis
alkaloid that contains a 2,6-disubstituted -3-piperidinol skeleton. This alkaloid
which is isolated from the leaves of Prosopis africana possesses notable
antibiotic and anaesthestic properties. The physiological effects stem from
their ability to mimic carbohydrate substrates in a variety of enzymatic
processes (Cossy et al., 2002, Wang and Sasaki, 2004).
The alkaloids, prosopine and prosopinine were first isolated from the leaves,
bark and root of Prosopis africana (Ratle et al., 1966). Prosopine
administered at the dose of 45-60mg/kg (s.c., mice) caused slight excitement
and hyperactivity. However, prosopinine at a dose of 90mg/kg (s.c., mice)
had a slight sedative action on the central nervous system. The drug was
reported to have a hypotensive effect when injected at 5-10mg/kg into
anesthetized dogs or cats. As a local surface anaesthetic, prosopine was
observed to be 3-fold more active than cocaine on the rabbit cornea and was
2-fold more active than procaine as an infiltration anaesthetic in guinea pig
skin (Bourrinet and Quevauviller, 1968a, Bourrinet and Quevauviller, 1968b).
Several other piperidine alkaloids namely, prosophylline, prosaprine and
prosafrinine were also isolated from the leaves of Prosopis africana. However,
Isoprosopinine A and B were isolated from the roots and stem of the same
plant (Khuonghu et al., 1972a, Khuonghu et al., 1972b).
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So far no biological or pharmacological activity has been reported for these
alkaloids from Prosopis africana.

Figure 4.5 Some known alkaloids found in the leaves, stem bark and root of
Prosopis africana.
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Prosopis species have been found to contain

5-hydroxytryptamine,

isorhamnetin-3-diglucoside, l-arabinose, quercetin, apigenin and tryptamine.
The alkaloid tryptamine as well as piperidine and phenethylamine derivatives
have been isolated from the basic extracts.
Furthermore, the medicinal properties of other species of the genus Prosopis
namely Prosopis glandulosa has a long history of widespread uses in the
Southwestern regions of the United States and Mexico. It has been used in
the treatment of eye infection, open wounds, dermatological ailments and
stomach problems. Earlier biological and chemical investigation of this plant
reported the presence of the indolizidine alkaloid juliprosopinine. The
ethanolic extract exhibited antimicrobial and anticancer activities. A series of
indolizidines

were

reported

from

P.

juliflora

showing

antifungal,

antidermatophytic, antibacterial and amebicidal activities, as well as inhibition
of the acetylcholinesterase enzyme. The alkaloid juliflorine from P.juliflora
has been reported to inhibit acetylcholinesterase and butyrylcholinesterase in
a concentration-dependent fashion with IC50 values of 0.42 and 0.12 µM
respectively, making it a possible candidate for Alzheimer’s diseases
(Choudhary et al., 2005).

96

4.3

PRESENT STUDY: RESULTS AND DISCUSSION

4.3.1 EXTRACTION OF PROSOPIS AFRICANA
75g of the powdered leaves of Prosopis africana was extracted repeatedly in
2 litres volume of methanol by cold maceration method with agitation using
the Griffin flask shaker (Section 2.1.4.1). This gave a total combined yield of
17.94g amounting to 23.92% weight of the plant material used.

4.3.2 BIOASSAY-GUIDED FRACTIONATION USING ANTIPLASMODIAL
ASSAY
Bioassay-directed fractionation was used in the detection of the active
extracts/fractions responsible for the antiplasmodial activity found in this
study (Section 2.1.4.4).
The chloroform extract/fraction of Prosopis africana was found to be the most
active with MIC values of 7.815µg/ml and 15.63µg/ml against the 3D7 and K1
strains of Plasmodium falciparum, respectively (Table 3.4 and Table 3.5).
The method adopted for the bioassay-guided fractionation of the active
chloroform extracts/fractions is shown in the schematic diagram or flow chart
(Figure 2.2; Section 2.1.4.4)

.
4.3.3 FRACTIONATION OF ACTIVE CHLOROFORM EXTRACT.
The dried methanol extract PAF (41.6g) was dispersed in double distilled
water (500ml) and extracted with chloroform. The chloroform fractions were
pooled together and concentrated under reduced pressure at 40 0C. The
residual aqueous phase was basified with ammonium hydroxide (pH 9) in a
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separating funnel and extracted exhaustively with chloroform. The combined
chloroform extract of the basified aqueous phase was then washed with
water, dried (by shaking with anhydrous sodium sulphate), filtered and
evaporated to dryness. This gave the total yield of crude alkaloid chloroform
fraction PAFC (2.70g, 15%).

4.4

ISOLATION OF COMPOUNDS

4.4.1 PURIFICATION OF FRACTION PAFC
The active basic chloroform fraction PAFC (2.70g) obtained from P.africana
leaves was subjected to gel filtration chromatography over Sephadex®
(Sigma, LH20; 30g). Elution was carried using chloroform (100%) and final
washing by methanol. This process resulted in a total of 114 fractions which
were collected in 15ml sample vials.

Table 4.2 The Fractionation of Chloroform Extract of P. africana (PAFC)
PAFC
Fractions 0

1

2

3

4

5

6

7

Yield (g)

0.020 0.056

0.900

1.276

0.275

0.029

0.026

0.020

%Yield

0.740 2.074

33.33

47.26

10.22

1.074

0.963

0.740

Following analytical TLC analysis (Silica gel 60 F254, chloroform: methanol:
ammonia;

7.0:3.0:0.1)

and

spraying

with

vanillin/sulphuric

acid

and

Dragendorff’s spray reagents, the fractions with similar TLC profiles were
pooled together resulting in a total of 8 main fractions.
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Fraction PAFC 2, 3 and 4 among others showed TLC patterns that were of
interest with high percentage yield of 33.33, 47.26 and 10.22, respectively
(Table 4.2). These fractions were subjected to further purification using
column chromatographic technique.

4.4.2 PURIFICATION OF FRACTION PAFC 2.
PAFC 2 (900mg) was purified further over silica gel (Kieselgel 60G,TLC
grade, 10g) and eluted with petroleum ether: chloroform (50:50), followed by
chloroform (100%) and then chloroform with increasing amounts of methanol
up to 50% before finally washing with methanol (100%). A total of 135
fractions were collected in 15ml sample vials. Following TLC analysis (Silica
gel 60 F254, chloroform: methanol: ammonia; 7.0:3.0:0.2) and spraying
with vanillin/sulphuric acid and Dragendorff’s spray reagents, 6 subfractions
(PAFC 2, Fraction 0 and A-E) was pooled together based on similarities of
the TLC profile and spots on the TLC plates (Table 4.3).

Table 4.3 Purification of fraction PAFC 2 of P. africana
PAFC 2
Fractions

0

A

B

C

D

E

Yield (mg)

2.00

299.30

207.60

156.90

230.60

36.60

%Yield

0.222

33.26

23.07

17.43

25.62

4.066

Further purification of PAFC 2 Fraction-B (207.60mg) carried out over silica
gel (Kieselgel 60G,TLC grade, 10g) and

eluted with chloroform (100%)

followed by chloroform with increasing amounts of methanol up to 10 %.
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Final purification by gel filtration over Sephadex (LH20, 10g) give Compound
LC1B (I, 137.2mg), white to pale yellow rosette crystals (chloroform:
methanol: ammonia = 7.0:3.0:0.1), orange colour (Dragendorff’s reagent).

Figure 4.6 The rosette-like crystals alkaloid of Compound I (LC 1B)
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4.4.3

PURIFICATION OF ACTIVE FRACTION PAFC 5

A similar column technique was used to isolate compound C5A 1C (III) from
PAFC 5 (200mg) (Table 4.4a). However, preparative chromatography over
TLC Silica Gel 60 F254 (Glass Plate 20x20cm, Merck) was initially carried out
followed by gel filtration (Sephadex LH 20, 10g) on the major alkaloid fraction
PAFC 5 Fraction A (143mg) to give three major alkaloids fractions, namely
Fr-1, Fr-2 and Fr-3 (Table 4.4b).

Table 4.4a Purification of Fraction PAFC 5 of P. africana
PAFC 5 (200mg)
Fractions

A

B

D

E

Yield (mg)

143.0

23.00

30.00

13.50

% Yield

71.50

11.50

15.00

6.75

Table 4.4b Purification of Fraction PAFC 5A of P. africana
PAFC 5A (143mg)
Fractions

1

2

3

Yield (mg)

45.90

27.00

30.80

% Yield

32.10

18.88

21.54

The final purification of PAFC 5 Fraction A using gel filtration (Sephadex LH
20, 10g) gave compound C5A 1C (III, 7mg), white, solid crystals (chloroform:
methanol: ammonia = 6.5:3.5:0.1), orange colour (Dragendorff’s reagent);
[Figure 4.7].
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A

B

Figure 4.7 Analytical TLC of the PAFC 5A showing the three column
fractions Fr-5A1-3 of Prosopis africana (Silica gel GF254).
Mobile Phase: CHCl3: MeOH: NH4 [6.5:5.5:0.1].
A: Vanillin/Sulphuric acid reagent; B: Dragendorff’s spray reagent
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4.5

CHARACTERISATION OF COMPOUNDS

The identification of the isolated compounds was established using various
spectroscopic techniques such as UV, EIMS, ASAP and NMR (1H &

13

C).

The advanced 2D-NMR techniques such as DEPT, COSY, HMBC and
HMQC were employed where necessary and appropriate (Section 2.1.6).

4.5.1 COMPOUND I (LC-1B)
Compound I was obtained as a white to pale yellow crystal (rosette form).
This gave a positive test for alkaloid with Dragendorff’s reagent. The
molecular formula C18H35O3N1 (calculated. 314.2695) was determined from
accurate mass m/z 314.2690. The positive mode APCI spectrum showed the
theoretical isotope model [M+H] at m/z 315.2724 which is similar to the
observed molecular formula. This formula is also supported by the result
obtained from the

13

atoms. The 1H and

13

C NMR spectrum which showed a total of 18 carbon
C NMR spectra of Compound I was found to be similar

to those reported for prosopinine (Khuonghu et al., 1972b). See Appendix
A4.1 for all spectra data.

4.5.2 COMPOUND II
Compound II was isolated as a white crystalline powder. The molecular ion
at m/z 316 corresponds to the molecular formula C18H37NO3 (calcd.
316.2850) using high resolution MS studies. The 13C NMR data was in
agreement with literature data. Until recently, only the

13

C NMR of prosopine

was published. However, a current paper also included the 1H NMR data
(Khuonghu et al., 1972a, Khuonghu et al., 1972b). See Appendix A4.2 for all
spectra data.
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4.6

BIOLOGICAL EVALUATION OF ISOLATED COMPOUNDS

4.6.1 Preparation of Test Compounds for Bioassay Screening
The test fractions and isolated compounds were air-dried in the laboratory
using liquid nitrogen. The fractions/compounds (1mg) were solubilized in 50µl
dimethylsulfoxide (DMSO) and made up to 1ml in RPMI 1640 to produce a
stock solution of 1000µl/ml respectively. All subsequent dilutions were made
in RPMI 1640 to achieve the desired concentrations (Section 2.2.9.2).

4.6.2 ANTIPLASMODIAL (pLDH) Assay
The three major isolated compounds including other fractions were screened
for antiplasmodial activity against the chloroquine resistant (K1) strain of
Plasmodiun falciparum using the parasite lactate dehydrogenase (pLDH)
assay (Section 2.2.9). The standard drugs, Chloroquine disphosphate and
Artemether were used as positive controls to compare their activity.
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4.6.3 ANTIPLASMODIAL ACTIVITIES OF ISOLATED COMPOUNDS

Table 4.5 In vitro antiplasmodial activity of compounds and drugs
(chloroquine disphosphate; artemether) against chloroquine-resistant strain
(K1) of P.falciparum.

Compounds/Control

P.falciparum (K1 strain)
MIC (µg/ml)

Compound I (LC-1B)

>10

Compound II (C5A -1C)

10

Chloroquine

0.17

Artemether

0.03906

MIC (minimum inhibitory concentration) is the lowest test concentration that
allows no detectable growth. IC50 is the concentration that affords 50%
inhibition of growth.

Before the addition of test reagent
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After the addition of test reagents in the presence of Chloroquine (CQ).

Figure 4.8 Various bioassay plates of the active compound II showing its
activity against chloroquine-resistant (K1 strain) of P.falciparum (before and
after addition reagents).
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4.7

DISCUSSION

Two major alkaloid compounds were isolated and the structures confirmed by
NMR spectroscopy in this present study. These are prosopine and
prosopinine. Their fractionation and isolation were guided by the parasite
lactate dehydrogenase (pLDH) assay results. Although these alkaloids has
been isolated in the past (Khuonghu et al.,1972a, Khuonghu et al., 1972b,
Bourrinet and Quevauviller, 1968c), this is the first time their antiplasmodial
activity against the chloroquine- resistant (K1) strain or any strain of
Plasmodium falciparum has been reported. Compounds I and II had
moderate in vitro activity against the malaria parasites. In a more recent a
studies on another species of this plant genus, Prosopis glandulosa var
glandulosa, two indolizidines were isolated from the ethanolic extract (that
is,

prosopilosidine and its

isomeric

form, isoprosopilosidine). These

exhibited potent antiparasitic activity against chloroquine - sensitive (D6)
and chloroquine - resistant (W2) strains of Plasmodium falciparum with IC50
values ranging from of 39 - 42ng and 95 - 120ng/mL, respectively
(Samoylenko et al., 2009).
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4.8

FURTHER WORK

Polyhydroxylated piperidine alkaloids are known to exhibit selective inhibition
of a number of biologically important pathways including the binding and
processing of glycoproteins. Could this be the mechanism of action by which
compounds inhibit the parasite growth in vitro? There is need to investigate
this further. For example, the piperidine alkaloid, deoxynojirimycin (6) has
exhibited selective inhibition of α - glucosidases I and II without
effective inhibition of α -mannosidase. This glucose analog has potential for
use in the therapy of diabetes mellitus, hyperlipoproteinemia, cancer and
arthritis (Cook et al., 1994). The Prosopis alkaloids, prosopine and
prosophylline are particularly intriguing because they contain a blend of
physiological important structural features. The polar head group with a
configuration of hydroxyl constituents is found at one end of the molecule
while a lipophilic tail portion similar to that of the membrane lipid sphingosine
(7) In each of these molecules, the alkyl chain serves the following
functions namely (i) to facilitate transfer across membranes, (ii) anchor the
active compound in the membrane with the polar portion protruding, or (iii)
interact with the hydrophobic portion of the enzymes to which these
compounds bind (Cook et al., 1994, Leverett et al., 2006).
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CHAPTER 5
PHYTOCHEMICAL AND BIOLOGICAL EVALUATION OF
PHYSALIS ANGULATA
5.1

INTRODUCTION:

PHYSALIS ANGULATA

5.1.1 BOTANICAL DESCRIPTION
Physalis angulata Linn. Family (SOLANACEAE) is an erect annual 30 –
90cm high, succulent and glabrescent herb. The stem and branches are
angular with coarsely sinuate-dentate, ovate leaves. The apex of the leaves is
acuminate with a rounded to cuneate base. The lamina is 4-7cm long and
2-4cm broad with a petiole as long as the leaf. The flowers are cream
coloured (Figure 5.1).

Figure 5.1

Leaves and fruits of Physalis angulata
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The fruiting calyx is ovoid about 25mm x 25mm in size with an angular,
glabrous or very finely puberulous. The pedicels are glabrous and are about
13mm long (Dokosi, 1998).

5.1.2 ORIGIN AND DISTRIBUTION
Physalis angulata is an annual herb distributed widely throughout tropical and
subtropical regions of the world. In West Africa especially Nigeria, it is found
in secondary forest clearings and old farms as a common weed. This herb is
found growing wild in most part of central and southern part of Nigeria
(Dokosi, 1998), Figure 3.2; Section 3.2.1.

5.1.3 ETHNOBOTANICAL USES.
Physalis angulata is used traditionally in wound healing, hepatitis, malaria,
sleeping sickness and rheumatism.

The leaves and fruits have been

employed in the treatment of bacterial infections fevers and in childbirth (Iwu,
1993). In Nigeria, children are known to bang the inflated calyx against the
forehead during play. The sound which it makes accounts for the Nigerian
name in Urhobo dialect katokpo. Dalziel (1937) has also reported the
medicinally use of the herb by the Hausas in Northern Nigeria. The plant is
mashed and put in palm wine (a locally made drink from palm tree) and then
given orally to cure fever. It is used in treating palpitation of the heart. The
poultice of the shoot mixed with the ashes from the hearth, is applied
externally to the whole body of a swollen person suffering from oedema (Iwu,
1993, Dokosi, 1998).
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In West Africa, both roots and leaves are used internally and the freshly
pounded leaves also used externally against fevers, chills, rheumatism and
colics. The juice of the plant is said to be diuretic and emmenagogic. In East
Africa, the root is considered to have narcotic and antiepileptic actions. In
India, the bruised leaves and ground root are used as a local application to
painful swellings, carbuncles and ulcers. The root and leaves are considered
to be sedative. The root has been included in the Indian Pharmacopoeia and
Codex for its narcotic and sedative properties (Chopra et al., 1956, Watt and
Breyer-Brandwijk 1962, Oliver-Bever 1986).

5.1.4 ETHNOPHARMACOLOGICAL STUDIES
Although investigations on African medicinal plants have been on the
increase all over the world in recent years, not up to one third of known
medicinal plants have been studied or developed into drugs (Sofowora,
1982). The scientific investigation on the pharmacology and toxicology of
extractives from plants is aimed at biological screening of plants for their
physiological effects. This further helps to clarify the acclaimed medicinal
use given by herbal practitioners and the classification of the plant into some
of the major pharmacological groupings such as nervous system drugs, heart
drugs and gastrointestinal tract drugs. The ethnopharmacological information
in the search for new antimalarial agent from plants is therefore vital to the
developing economy of Nigeria. A brief review of some investigation carried
out to validate the antimalarial activity of Physalis angulata is given below.
The aqueous decoction of the leaves or whole plant has been used to treat
malaria and inflammation. The leaves and fruits have been employed in the
treatment of bacterial infections fevers and in childbirth (Iwu, 1993).
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P. angulata is used to treat diabetes, hepatitis, asthma and malaria in Taiwan
(Hsieh et al., 2006).

Physalis angulata together with Jatropha curcas,

Gossypium hirsutum and Delonix regia has been formulated as a herbal
preparation in Ghana for the treatment of malaria (Ankrah et al., 2003).
Zirihi et al (2005) reported the in vitro antiplasmodial activity of ethanol
extracts of Physalis angulata with IC50 value of 7.9μ g/ml. The plant showed
the stronger activity with Strychnos icaja against the two strains of
Plasmodium falciparum (<5µg/ml for all extracts). It also showed a good
selectivity index (SI) between four and five, and its aqueous extract was
active in vivo. The in vitro antimalarial activity and cytotoxicity of this plant
were previously reported (Zirihi et al., 2005, Hsieh et al., 2006, Kvist et al.,
2006). However, a recent study has showed Physalis angulata leaves (MeOH
and CH2Cl2) to have a very high activity (IC50 <3 µg/ml) and it also showed a
good inhibition of parasitaemia in vivo.

5.2

ACTIVE COMPONENTS AND PHARMACOLOGICAL EFFECTS.

The preliminary phytochemical analysis of P. africana revealed the presence
of alkaloids, tannins and flavonoids as constituents found in this species
(Edeoga et al., 2005). Other known compounds from Physalis angulata
include withanolides, withangulatins (steroidal lactones), physalins (unusual
steroids) and flavonoids. Some of these compounds have been shown to be
cytotoxic (Magalhaes et al., 2006, Damu et al., 2007).
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5.2.1 WITHANOLIDES
The withanolides are natural steroidal lactones which occur in the
Solanaceae family. They consist of a group of structurally complex and
unusual steroidal lactones and are classified into four main groups, namely:
20-deoxywithanolides (withaferine A), 20-hydroxywithanolides (withanolide
D), withanolides with C-17 side chain α-oriented (withanolides E),
withanolides
(physalins,

whose

basic

withaphysalins,

framework

is

physalolactones)

modified

and

or chlorinated

(Kapetanidis et al., 1991).

Some of these compounds are known to have various biological activities
such as antitumour, antifeedant, immunomodulating and anti- inflammatory
activities. For example, withaferin A is highly toxic and active in several
tumour systems. This compound is also known to possess antibacterial
activity against acid-fast bacilli and gram-positive micro- organisms (Pelletier
et al., 1979). A series of seco-steroids known as physalins and four new
withanolides (known as physagulin C, E, F and G) were isolated from the
methanol extract of the fresh leaves and stem of Physalis angulata (Shingu
et al., 1991, Shingu et al., 1992, Ribeiro dos Santos et al., 2005).

5.2.2 ALKALOIDS AND OTHER ISOLATED COMPOUNDS
The alkaloid, phygrine was isolated from the roots and aerial parts of
Physalis angulata. The compounds responsible for the plant activity are
not yet fully known. However, some limonoids were shown to be active
against leishmaniasis (Guimares et al., 2009).
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5.3

PRESENT STUDY: RESULTS AND DISCUSSION

5.3.1 EXTRACTION OF PHYSALIS ANGULATA
600g of the powdered leaves of Physalis angulata was extracted repeatedly
in 2 litres volume of methanol by cold maceration method with agitation using
the Griffin flask shaker (Section 2.1.4.1). This gave a total combined yield of
16.57g amounting to 2.76% weight of the plant material used.

5.3.2 BIOASSAY-GUIDED FRACTIONATION USING ANTIPLASMODIAL
ASSAY
Bioassay-guided fractionation was used in the detection of the active
extracts/fractions responsible for the antiplasmodial activity found in this
study using the parasite lactate dehydrogenase (pLDH) assay (Section
2.2.9). The chloroform extract/fraction of Physalis angulata was found to be
the most active with IC50 values of 15.63 µl and 31.25µl against the 3D7 and
K1 strains of Plasmodium falciparum, respectively (Section 2.1.4.4; Table 3.4
and Table 3.5).

5.3.3 FRACTIONATION OF THE ACTIVE CHLOROFORM EXTRACT
The dried methanol extract PS (16.57g) was dispersed in double distilled
water (500ml) and extracted with chloroform. The chloroform fractions were
pooled together and concentrated under reduced pressure at 40 0 C. The
residual aqueous phase was basified with ammonia (pH 9) in a separating
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funnel and extracted exhaustively with chloroform. The combined chloroform
extract of the basified aqueous phase was then washed with water, dried (by
shaking with anhydrous sodium sulphate), filtered and evaporated to dryness.
This gave the total yield of crude alkaloid chloroform fraction PSC (5.04g,
30.42%).

Figure 5.3 Analytical TLC of Physalis angulata viewed under UV lamp
(365nm) [Silica gel GF254 ; Mobile Phase: CHCl3: MeOH: NH4 (8.5:1.5:0.1)].
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5.4

ISOLATION OF COMPOUNDS

5.4.1 PURIFICATION OF FRACTION PSC
The active chloroform fraction PSC (3.64g) obtained from P.angulata stem
leaves was subjected to column chromatography over silica gel (Kieselgel
60G,TLC grade, 20g) and eluted with n-hexane (100%) followed by hexane:
chloroform mixtures (5-80%), and then chloroform with increasing amount of
methanol up to 80% before finally washing with methanol (100%). A total of
67 fractions were collected in 30ml sample vials. Following TLC analysis
(Silica gel 60 F254, chloroform: methanol: ammonia; 8.5:1.5:0.1) and spraying
with vanillin/sulphuric acid and Dragendorff’s spray reagents, 9 subfractions
(PSC 1-9) was pooled together based on similarities of the TLC profile and
spots on the TLC plates (Table 5.2). Further purification using various
chromatographic techniques was carried out on these fractions (PSC
Fraction

1-9)

to

determine

the

compound(s)

responsible

for

the

antiplasmodiual activity. Among these fractions, PSC 5 (649mg), 6 (600mg)
and 7 (558mg) showed interesting TLC patterns and were obtained in
relatively good quantities. Hence, they were subjected to further purification.
However, compound PSC CRYS (III) was obtained as needle crystals from
PSC 6 when it was left in a flask in the refrigerator at 40 0C (Figure 5.2).

5.4.2

PURIFICATION OF FRACTION PSC 5.

PSC 5 (600mg) purification was carried out over silica gel (Kieselgel 60G,TLC
grade, 10g) and eluted with chloroform (100%) followed by chloroform with
increasing amounts of methanol up to 10 % before finally washing with
methanol (100%). A total of 21 fractions were collected in 15ml sample vials.
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Following TLC analysis (Silica gel 60 F254, chloroform: methanol: ammonia;
8.5:1.5:0.1) and spraying with vanillin/sulphuric acid and Dragendorff’s spray
reagents, 2 subfractions (PSC 5 A and B) were pooled together based on
similarities of the TLC profile and spots on the TLC plates.

Table 5.1 The Fractionation of Chloroform Extract of P. angulata
PSC (3.64g)
Fraction

Yield (mg)

Yield (%)

1

10.10

0.275

2

1.520

0.042

3

45.60

1.253

4

39.00

1.071

5

649.0

17.83

6

1490

40.93

7

558.0

15.33

8

290.0

7.979

9

140.0

3.846

Crystals

417.7

11.475

Final purification of PSC 5A by column chromatography over silica gel
(Kieselgel 60G, TLC grade, 6g) gave 3 subfractions (PSC 5A: F1, F2 and F3)
after analytical TLC analysis. Compound PSC 5 CRYS (III, 130mg) was
obtained as white needle crystals (chloroform: methanol: ammonia;
7.0:3.0:0.1) from fraction F 2.
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This gave a negative test with Dragendorff’s reagent but appeared as a
faint yellow band on TLC plate sprayed with vanillin/sulphuric acid reagent.

5.4.3 PURIFICATION OF ACTIVE FRACTION PSC 6
PSC 6 (1.37g) was purified over silica gel (Kieselgel 60G, TLC grade; 10g). A
similar column chromatographic method was used in the purification process.
However, a total of 26 fractions were collected in 50ml sample vials.
Following TLC analysis (Silica gel 60 F254, chloroform: methanol: ammonia;
8.5:1.5:0.1) and spraying with vanillin/sulphuric acid and Dragendorff’s
spray

reagents,

6

fractions (PSC 6 F1 to F6) were pooled together

based on similarities of the TLC profile and spots on the TLC plates. Both
F2 (350mg) and F4 (700mg) gave positive test for the presence of alkaloid
with Dragendorff’s reagent whereas F3 (300mg) and F5 (80mg) formed
needles crystals similar to Compound III (Figure 5.4).

Table 5.2

Purification of Active Fraction PSC 6
PSC 6

Fractions

F1

F2

F3

F4

F5

F6

Yield (mg)

20.0

250.0

300.0

700.0

80.0

15.0

%Yield

1.460

18.25

21.90

51.10

5.839

1.095
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5.4.4 PURIFICATION OF ACTIVE FRACTION PSC 6 Fr 4
PSC 6 F4 (700mg) was purified by preparative centrifugally-accelerated thin
layer chromatography - CPTLC (Chromatotron®) over silica gel (TLC grade,
2mm thick; Section 2.1.5.3). Elution was performed under nitrogen with
dichloromethane (100%), followed by dichloromethane with increasing
amount of methanol up to 10% before finally washing with methanol (100%).
A total of 55 fractions were collected in 30ml sample vials. Following TLC
analysis (Silica gel 60 F254, chloroform: methanol: ammonia; 8.5:1.5:0.1) and
spraying with vanillin/sulphuric acid and Dragendorff’s spray reagents,
8 fractions (PSC Fr-4 A-H) were pooled together based on similarities of
the TLC profile and spots on the TLC plates (Table 5.3).

Table 5.3

Purification of Fraction PSC 6 F4
PSC 6 Fr 4 (700mg)

Fractions

A

B

C

D

E

F

G

H

Yield (mg)

55.0

45.0

74.0

205.2

87.0

61.0

13.4

48.0

%Yield

7.857

6.429

10.57

29.31

12.43

8.714

1.914

6.857

White feathery, needle-like, crystals were formed on all sides of the flask
containing Fr 4. These were collected and labelled as Compound III PSC 6
crystals (Figure 5.4). Further purification of PSC 6 F4 A (55mg) by column
chromatography over silica gel (Kieselgel 60G,TLC grade; 3g) followed by
gel filtration or permeation (Sephadex® LH 20, 10g) yielded Compound PSC
6 F4A1 [IV,19.1mg, 34.7% (chloroform: methanol: ammonia; 8.5:1.5:0.1),
orange colour (Dragendorff’s reagent).
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Figure 5.4: White needle-like crystals [Compound PSC 6 CRYS (III)]

5.4.5 PURIFICATION OF ACTIVE FRACTION PSC 6 F4 E
PSC

6

F4

E

(87mg)

was

purified

further

using gel filtration

chromatography over Sephadex® (Sigma, LH20; 30g). Elution was carried
using n-hexane: dichloromethane (50:50), followed by dichloromethane
(100%) and final washing by methanol. A total of 61 fractions were
collected in 15ml sample vials. Following TLC analysis (Silica gel 60 F254,
chloroform:

methanol:

ammonia;

8.5:1.5:0.1)

and

spraying

with

vanillin/sulphuric acid and Dragendorff’s spray reagents, 3 fractions (PSC
6 F4, E1, E2 and E3) were obtained (Table 5.4). Compound PSC 6 F4 E [V,
23.4mg, 26.9% (chloroform: methanol: ammonia; 8.5:1.5:0.1), orange colour
(Dragendorff’s reagent)] was obtained pale yellow powder from E2 after
further purification using gel filtration chromatography.
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Table 5.4 Purification of PSC 6 F4E of P.angulata
PSC 6 F4 E (87mg)
Fractions

1

2

3

Yield (mg)

3.50

23.4

60.0

% Yield

4.022

26.90

68.97

5.5

CHARACTERISATION OF COMPOUNDS

The structure elucidation of the isolated compounds was established using
various spectroscopic techniques such as IR, UV, EIMS, ASAP, HNESP and
NMR (1H &

13

C). The advanced 2D-NMR techniques such as DEPT, COSY,

HMBC and HMQC were employed where necessary and appropriate (Section
2.1.6).

5.5.1 COMPOUND III (PSC 5 and 6 Crystals)
Compound III was obtained as white needle crystals. The molecular
formula C4H11O2N2 (calculated. 119.0805) was determined from accurate
mass using the Orbitrap measurement. The positive mode APCI spectrum
showed the theoretical mass [M+H] at m/z 119.0815 which is similar to the
observed molecular formula. Further information was acquired using the
Orbitrap measurement. The ion was measured as m/z 119.0814 (vs
119.0805 on the orbitrap) with a possible formula as above for the ion.
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It is interesting to note that the orbitrap observed an ion at m/z 60. This
suggest that either the ion at m/z 119 is a dimer of a compound of molecular
weight of 59 or the compound is symmetrical with a molecular weight of 118
and has fragmented to give the ion at m/z 60. The first suggestion agreed
with the 1H (proton) and

13

C NMR results obtained. The very prominent [MH-

C2H5ON]+ peak at m/z 60 probably indicates that the M + H+ fragment is
Acetamide. This formula is also supported by the result obtained from the
13

C NMR spectrum (Fig 5.6). The 1H and

13

C NMR spectra of III were found

to be similar to those reported for acetamide. See Appendix A5.1 for all
spectra data.

5.5.2 COMPOUND IV (PSC 6 F4 C1)
Compound IV was isolated as a white solid powder. Its molecular formula
C32H44O10 + NH4 (calculated m/z 588.50) was established by high resolution
positive ion mode APCI (ASAP). Some useful signals appeared using the
APCI (ASAP) positive and negative modes. These are m/z 571 and 588nm,
respectively. All experiments were carried out using samples dissolved in
methanol. However, the addition of NH4OAC to the samples resulted in a
prominent ion at m/z 606 (M+NH4). The molecular weight of the compound is
speculated to be 588Da. Without this addition, the ion at m/z 571 correspond
to the loss of water [M+H2O]+. See Appendix A5.2 for all spectra data.

5.5.3 COMPOUND V (PSC 6 E Alk)
Compound V was isolated as pale yellow solid. Its accurate mass
measurement of the most intense fragment ion (m/z 621) in the nano -
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electrospray ionization high – resolution mass spectroscopy (HNESP) gave
an accurate mass 621.3380. The ion in a mass spectrum does not
necessarily represent the molecular species since it could be a fragment
of a higher mass. From the nano - electrospray spectrum, two higher mass
ions were clearly present in the components. These higher mass components
in the compound V were represented by [+NH4]+ and [+Na]+ ions at m/z
683 and 688,

respectively.

This component therefore has a mass of

665Da. Compound V could not be identified because it is a mixture of
components. See Appendix A5.3 for all spectra data.

5.6

BIOLOGICAL EVALUATION OF ISOLATED COMPOUNDS.

5.6.1 PREPARATION OF TEST COMPOUNDS
The test fractions and isolated compounds were prepared as in previous
(Section 4.6.1). All subsequent dilutions were made in RPMI 1640 to achieve
the desired concentrations (Section 2.2.9.2).

5.6.2 ANTIPLASMODIAL (pLDH) ASSAY ACTIVITIES OF ISOLATED
COMPOUNDS
The three isolated compounds including other fractions were screened for
antiplasmodial activity against the chloroquine resistant (K1) strain of
Plasmodiun falciparum. The compounds were assessed using the parasite
lactate dehydrogenase (pLDH) assay. The standard drugs, chloroquine
disphosphate and artemether were used as positive controls to compare their
activity.
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5.6.3 ANTIPLASMODIAL ACTIVITIES OF ISOLATED COMPOUNDS
Table 5.5 In vitro antiplasmodial activity of compounds and drugs
(chloroquine disphosphate; artemether) against chloroquine-resistant strain
(K1) of P.falciparum.
P.falciparum (K1 strain)
MIC (µg/ml)

Compounds/Control

Compound III (PSC Cryst)

>10

Compound IV (PSC 6 F4C1)

10

Compound V (PSC 6 EAlk)

2.5

Chloroquine

0.17

Artemether

0.03906

MIC (minimum inhibitory concentration) is the lowest test concentration that
allows no detectable growth. IC50 is the concentration that affords 50%
inhibition of growth.

Before the addition of reagents
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After the addition of reagents

Figure 5.5 Various bioassay plates of the active compounds III, IV and V
showing its activity against chloroquine-resistant (K1 strain) of Plasmodium
falciparum (before and after addition of reagents).
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5.8

DISCUSSION

Three compounds were isolated in this present study from Physalis angulata.
Of these three, only compound III (acetamide) structure was identified by MS
and NMR spectroscopy. Compounds (IV) was partially identified whereas the
identity of compound (V) is still unknown because of the sample is a mixture
of components. All compounds were screened for their antiplasmodial activity
against chloroquine-resistant (K1) strain of Plasmodium falciparum using the
parasite lactate dehydrogenase (pLDH) assay. The result shows they all
exhibited some antiplasmodial activity against the malaria parasite. However,
compound V was more potent than the other compounds with MIC values of
2.5µg /ml. The withanolides are natural steroidal lactones produced by plants
in the Solanaceae to which Physalis angulalta belongs to. From the 1H and
13

C- NMR spectra, there are similarities in the spectra data generated for

compounds IV and V isolated. However, the structure elucidation of these
complex withanolide-like alkaloid compounds required extensive chemical
and spectral interpretation. This is so because in spite of the extensive proton
NMR and mass spectral data available for this class of compounds, it is not
always possible to establish the various substitution patterns on the
withanolide skeleton without ambiguity. For example, the complete structures
of several withanolides still remain unknown (Pelettier et al., 1979).
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CHAPTER 6
CONCLUSIONS AND FURTHER WORK
6.1

CONCLUSIONS

Higher plants as sources of medicinal compounds continue to play a vital role
in drug development for the maintenance of human health. It has been
reported that over 50% of all modern clinical drugs are of natural product
origin and natural products plays an important role in drug development
programs of the pharmaceutical industry (Stuffness and Douros, 1982,
Baker et al., 1995, Cordell, 1995). Using the ethnobotanical approach,
several medicinal plants having biological activities were identified. In vitro
screening assays using the ethnobotanical approach are important in
validating the traditional use of medicinal plants and for providing leads in the
search for new active principles. The results obtained in this present study
clearly

demonstrate

the

value

of

intergrating

ethnobotanical

with

phytochemical and pharmacological–phytochemical studies. Data from the
present study have identified the leaves of Prosopis africana as a potential
candidate plant part.

6.1.1 ETHNOBOTANICAL STUDIES
This is seen in the value obtained for some of the plants investigated (Table
3.1). The studies lead to the identification of a new class of alkaloids. The
studies on P.angulata and P. africana are typical of a phytochemical study
which led to the identication of compounds which are therapeutically of great
importance.
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6.1.2 PHYTOCHEMICAL AND BIOLOGICAL STUDIES
In vitro antiplasmodial activity of the isolated Compounds I and II from the
leaves of Prosopis africana against chloroquine resistant Plasmodium
falciparum

(strain

K1)

was

assessed

using

the

parasite

lactate

dehydrogenase (pLDH) assay. According to Makler et al (1993), the inhibition
profiles and IC50 determination using pLDH assay were directly comparable to
those determined by [3H] hypoxanthine uptake and the Giemsa stain
microscopic methods (Makler et al., 1993).
The targets and sites of action of other antimalarials, including artemisinin
and artemisinin derivatives, remain an area of active investigation (Fidock et
al., 2004). The emergence of clinically significant resistant parasites against
well established antimalarial drugs such as chloroquine and artemisinin has
been reported (Noedl et al., 2008, Dondorp et al., 2009, Phyo et al., 2012)
and the ED50 values of these drugs are usually in the low nanomolar range.
Thus, only compounds that have values of ED50 in the low nanomolar range
can be considered as significant antimalarial leads (Geib, 2007). On the
basis of ED50 (the concentration of compound that causes 50% growth
inhibition of cultured malaria parasites) values, compound V was more potent
than the other compounds with MIC values of 2.5µg /ml and therefore can be
considered as a potential lead in antimalarial drug discovery.
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6.2

SUGGESTIONS FOR FURTHER WORK

The plants used in this work were selected after a careful study of available
literature and from the results of field studies carried out between July and
September 2006 in Nigeria (Suleja and Abuja). The increase in artemisinin
resistance (Noedl et al., 2008) has already led to the search of other
antimalarial plant sources. Further detailed work is needed for the other plant
species already identified to have antiplasmodial activity with the view of
isolating the active constituents responsible for their activity. Compound V
showed very promising activity as a potential lead for drug development. It
would be necessary therefore to assess it for its in vitro cytoxicity activity
using human cell lines and in vivo antimalarial activities against Plasmodium
bergei-infected mice coupled with further structural elucidation.
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APPENDICES
A1.1 SPRAY REAGENTS FOR CHROMATOGRAPHIC TECHNIQUES
A1.1.1

Dragendorff’s reagent

Stock solution A:
Basic bismuth nitrate

0.85g

Water

10ml

Stock solution B:
Potassium iodide

8g

Water

20ml

Mix both solution A and B. 10ml of the stock solution is added to 20ml glacial
acetic acid and making up to 100ml.

A1.1.2

Vanillin - Sulphuric acid spray

Vanillin

2g

Sulphuric acid (concentrated)

2ml

Methanol to

100ml

143

A2.1 REAGENTS FOR ANTIPLASMODIAL ASSAY
A2.1.1

Malaria Parasite Growth Medium

Lyophilized RPMI 1640

10.4 g

D-glucose

2.0 g

Sodium bicarbonate

2.33 g

TES buffer

9.2 g

Gentamicin

40 mg

Distilled water up to

1L

RPMI 1640 was dissolved in about 800ml distilled water, then the other
ingredients were added. A magnetic stirrer was used to achieve complete
dissolution. The solution was made up to 1 liter with distilled water and the
pH adjusted to 7.3 with a 5 M sodium hydroxide. This stock medium was
sterilized by filtration and stored at -20 0C in 50 ml volumes.

A.2.1.2

Calcium Chloride and Kaolin Solution

CaCl2

10.0 g

Magnesium chloride

1.0g

Kaolin

5.0g

Distilled water up to

100ml

The s o l u t i o n w a s a u t o c l a v e d a n d s t o r e d a t 4 0C. The solution can be
used up to 2 years.
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A2.1.3

Phosphate Buffer Solution (PBS)

NaCl

8.0 g

KCl

0.2 g

Na2HPO4

1.12 g

KH2PO4

0.2 g

H2O to

1L

The pH was adjusted to 7.3 and the solution sterilized by filtration.

A.2.1.4

Malaria Cryopreservative Solution

NaCl (cell cultured tested)

0.65 g

Sorbitol (cell cultured tested)

3.024 g

Glycerol (cell cultured tested)

28 ml

H2O to

100 ml.

The glycerol was dissolved in about 50 ml distilled water. 0.65g of sodium
chloride and 3.024g sorbitol were dissolved in a minimum amount of water,
then added to the glycerol solution and made up to 100ml with water. The
solution was sterilized by filtration.

A2.1.5

5 % Sorbitol

D-sorbitol

5g

Distilled water to

100 ml

D-sorbitol was dissolved in about 20 ml of distilled water and then made up to
100ml with water. The solutions were mixed and sterilized by filtration using
0.2µm sterile filter.
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A2.1.6

60 % Percoll

Percoll

30 ml

Phosphate buffer solution

3 ml

RPMI-1640 medium

17 ml

The solutions were mixed and sterilized by filtration using 0.2µm sterile filter

A2.1.7

Tris Buffer (pH 9.2)

Trisma HCl

0.116 g

Trisma base

1.121 g

H2O to

100 ml

A2.1.8

APAD Reagent

APAD

7.4 g

Lithium lactate

192 g

Diaphorase

1 mg

Triton X 100

20μl

The first 3 compounds were dissolved in 10 ml of Tris buffer (pH 9.2) then
triton was added and left for 3-4 minute under sonication.

A2.1.9

NBS Reagent

Nitro blue tetrazolium (NBT)

1.9 ml of 1 mg/ml aqueous solution

Phenazine ethosulphate (PES)

95 µl of 0.05 mg/ml aqueous solution

The two solutions were mixed and protected from light with aluminium foil
paper.
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