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ABSTRACT

Malarial extracts (MEs) derived from the erythrocytic stages of Plasmodium infection
in mice have been shown to synergise with insulin in both stimulating lipogenesis and
inhibiting lipolysis in rat adipocytes in vitro. In this study, rat adipocytes were used as
a test system in an attempt to determine where in the insulin signalling network these

malarial extracts were exerting their effects.

Initial studies demonstrated that the MEs had no effect on insulin receptor binding or
internalisation, nor did they enhance insulin stimulated 3-O-methylglucose uptake.
Investigation of their effects on the activity of the downstream enzymes involved in
lipogenesis showed that they had no effect on the stimulation of pyruvate
dehydrogenase by insulin. They did however potentiate insulin’s stimulation of the
committal enzyme in fatty acid synthesis, acetyl-CoA carboxylase (ACC), without

changing its total activity.

The MEs were also shown to synergise with insulin in the activation of glycogen
synthesis. They appeared to exert this effect by enhancing the insulin stimulation of
glycogen synthase, having no effect on the inactivation of glycogen phosphorylase
activity by insulin. Neither epidermal growth factor nor isoproterenol had any effect
on the ability of the MEs to synergise with insulin and enhance glycogen synthesis and
the MEs did not induce EGF to stimulate glycogen synthesis. Isoproterenol did

however block any insulin-mimetic effect of the MEs.



The MEs synergistically enhanced the effect of insulin to increase anti-
phosphotyrosine immunoprecipitatable phosphatidylinositol 3-kinase (PI3-kinase)
activity. Since both ACC and glycogen synthase have been shown to be stimulated
by insulin through a PI3-kinase dependent pathway, these results suggest that the
ME’s effects on PI3-kinase may be a key step in their synergistic enhancement of

insulin signalling.

As well as synergising with insulin, some of the ME preparations were also able to
stimulate the production of tumour necrosis factor (TNF) by isolated macrophages.
However there was no correlation between these two propeﬁies of the MEs. There
was also no correlation between the synergistic effects of the MEs and their ability to

mimic insulin.

While these results were very interesting it should be noted that the malarial extracts
used in this project were specifically chosen for their ability to synergise with insulin.
Of the total number of malarial extracts prepared only approximately 40% actually

demonstrated this ability.
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1.1 BACKGROUND TO PROJECT

Hypoglycaemia has, in the past 15 to 20 years, become recognised as a common and
serious complication of falciparum malaria (Phillips, 1989), particularly in young
children f(White, N. et al., 1987; Taylor et al., 1988; Grau et al., 1989)7 and pregnant
women (White et al., 1983; Looareeswuwan et al., 1985). There is a correlation
between hypoglycaemia and mortality from malaria in many parts of the world. This is
seen in both children, (White et al., 1987; Taylor et al., 1988) and adults, particularly
those who have severe disease (White et al., 1983). Hypoglycaemia is also a risk
factor for residual neurological sequelae in patients who have been treated for the
disease (White et al., 1983; Taylor et al., 1988; Bond, 1992). Several hypothesis have
been proposed as the cause of hypoglycaemia in malarial infections. These include
increased glucose consumption by both the host (White ez al., 1983) and the parasite
(Sherman, 1979), impairment of gluconeogenesisi (White et al., 1983; White, N. et al.,
1987; Taylor et al., 1988), depletion of liver glycogen (Kawo et al., 1990) and
overproduction of cytokines such as TNF, @-loc and IL-6 (Grau et al, 1989;
Kwiatkowski et al., 1990; Clark et al., 1992). Hyperinsulinacmia due to quinine
treatment has also been cited as the cause of hypoglycaemia in some studies, (White et
al., 1983; Looareesuwan et al., 1985) however hypoglycaemia has also been noted
before the onset of this treatment (Taylor et al., 1988) . Hypoglycaemia can also be
seen in murine models of malaria. Rats infected with Plasmodium berghei (P.
berghei) (Holloway et al., 1991) and mice infected with lethal P. Yoelii ( Elased &
Playfair, 1994) exhibit hypoglycacmia in the terminal stages of infection. The non-

lethal P. chabaudi AS strain has been shown to cause transient hypoglycaemia during
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the crisis stage of the infection in mice when parasite levels are high, the blood

glucose levels returning to normal as the parasite levels fall ( Elased & Playair, 1994).

In 1992, a group who had been working on the ability of soluble malarial antigens to
induce TNF production by macrophages (Bate et al., 1988, 1992a,b,c), found that
these same malarial antigen preparations could induce hypoglycaemia when injected
into normal mice (Taylor et al., 1992a). The hypoglycaemic agent(s) from these
malarial antigens, which were derived from mouse erythrocytes infected with P.
yoelii, have been shown to contain an inositol phosphate motif (Taylor et al., 1992a).
A number of studies have shown that inositol phosphate glycans from both
mammalian and trypanosome origin can mimic insulin effects in liver and adipose
tissue cells (Kelly et al., 1986; Saltiel & Cuatrecasas, 1986; Alemany et al., 1987,
Alvarez et al., 1987; Kelly et al., 1987; Mato et al., 1987; Saltiel & Sorbara-Cazan,
1987; Machicao et al., 1990; Misek & Saltiel, 1992; Field, 1997). Consequently it
was hypothesised that these inositol phosphate containing malarial antigens may be
inducing hypoglycaemia by mimicking insulin. To test this theory a collaboration was
set up with Prof. E.D. Saggerson to determine if the malarial antigens could mimic
insulin’s effects on isolated rat adipocytes. They found however that the malarial
antigens alone had little or no ability to stimulate lipogenesis or inhibit lipolysis in
these cells. They did however find that the antigens were able to act synergistically
with insulin and potentiate its effects both in vivo and in vitro, even at maximally

effective insulin concentrations (Taylor et al., 1992b)

It was this novel finding which led directly to the establishment of this project, the aim

of which was to try and determine where in the insulin signalling network these insulin
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synergising malarial extracts are exerting their effects.

1.2 MALARIA

1.2.1 History

Malaria is an ancient disease which has been infecting humans since prehistoric times.
Mosquitoes, which are responsible for spreading the disease, have been found in a
fossilised state which are more than thirty million years old. The fever caused by
malaria and its association with marshes was first described in detail in the writings of
the Greek philosopher Hippocrates in the 5th century BC. People believed that the
disease was caused by the putrid air above stagnant water. Even in these classical
times the Greeks and Romans practised malaria prevention by draining marshy land
and building their houses on elevated positions. It was in the 18th century that the
term ‘Malaria’ was coined, derived from the Italian ‘Mal’aria’, meaning ‘bad-air’

(Phillips, 1983; Wellcome Trust, 1991; Giles, 1993).

Despite being such an ancient disease, it was not until the late 19th century that the
most important events in the history of malaria took place. In 1880, a French army
surgeon working in Algeria, called Laverain, first saw and described malarial parasites
in the red blood cells of human beings. Then in 1897, Ronald Ross , a surgeon major
in the Indian army found malaria parasites in the stomach of a small mosquito which
had previously fed on a patient with malaria. This small mosquito turned out to be a
female Anopholes mosquito which was confirmed as the vector for malaria by Patrick
Mason and his colleagues in 1900 (Giles, 1993). Mosquitoes lay their eggs into still

water such as ponds and marshes which explains the association the early victims of
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the disease made between the fever and marshy ground. The female can lay between
50 and 150 eggs at a time hence the potential for breeding, and consequently

infection, is massive (Phillips, 1983).

As recently as 300 years ago most of Europe and Northern America were considered
endemic areas for malaria. In 1982 the WHO published figures which showed that up
until a few decades ago 72% of the world population still lived within malaria zones.
This figure has now reduced to 40%. However if the theories of global warming are
correct, the spread of the Anopholes mosquito’s habitat and hence the malarial
parasites, could endanger the mainly immmunologically naive population of Europe

(Anderson et al., 1996).

Malaria is one of the worlds most common tropical diseases. There are approximately
one hundred million cases reported annually, of which between 1.5 and 2.7 million are
fatal (Anderson et al., 1996). The severity of the disease and outcome of the infection
are dependent upon many factors, including the immune status and the drug treatment
given to the host. Fatalities generally occur amongst immigrants from non-endemic
areas and young children who have not yet developed immunity to the disease (Marsh

etal., 1987).

Attempts to control malaria in the past have included a combination of removal of the
Anopheles vector by reducing its habitat and using insecticides, and by drug
prophylaxis against the parasite. In the late 1950s the WHO programme to eradicate
malaria managed to relieve many temperate regions, such as Europe and North

America, of the disease but were less successful in tropical countries. The emergence
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of resistant strains of both Anopholes and the parasite has led to a resurgence of the
disease in some areas. As a result scientists are now developing new drugs and
investigating the possibility of vaccination as a way of controlling malaria. (Phillips,

1983; Gilles, 1993)

1.2.2 The Parasite

The parasite which is actually spread by the Anopholes mosquito, causing malaria, is
the protozoan parasite from the genus Plasmodium. There are over 100 strains of
Plasmodium which are found in a wide range of vertebrates including birds, reptiles
and apes. All the strains are species specific, except for those found in some monkeys
which can be transmitted to humans i(Giles, 1993). This is due to the parasites
recognising and binding to specific receptors on the surface of red blood cell
membranes. These receptors differ from species to species, hence there is little chance
of cross infection occurring (Sherman, 1979). This species specificity is another

indicator of the long evolutionary history of Plasmodia.

1.2.3 Life-Cycle of Human Malaria Parasites

The life cycle of human malaria does not change greatly from one strain to another.
They all involve development stages both in man and in the mosquito (fig. 1.1). When
an infected female Anopheles mosquito takes a blood meal it can transmit sporozoites
from its salivary gland into the capillary bed of its victim’s skin. The sporozoites are
then conveyed in the victims blood to the liver where they invade hepatocytes and
undergo exo-erythrocytic schizogony, or nuclear division. This process of

multiplication and development produces merozoites within a schizont. Rupture of the

26



= 0 %0% $

9 .-$83%$AS%+;
$
C 8 & J* $ +
=? 2@ 1 A
C BB @CI9DE@@9 ©@FD F@
DE Y?
+ $.K@ '$
! + *+ * $$ ES..K .
A o ) D 9 0 @EEFE - G " 0 -
ZZ” ? )0 J$AS
3 8;'08%);"' )

)0 JSAS+; %

1 I "#$1% &
8
| "H#$! % &
) - & % |
%", * o P "#$1%
& $ %, % (!, *

A =

P 1 ' CGGCR

9F



hepatocyte releases the merozoites into the bloodstream where they invade
erythrocytes. If the malaria strain is one which causes relapse, instead of undergoing
pre-erythrocytic schiéogony some of the sporozoites from the mosquito will become
hypnozoites (Krotoski et al., 1982). These hypnozoites remain dormant in the
hepatocytes until a predetermined time when they undergo exo-erythrocytic

schizogony releasing merozoites into the blood which causes a clinical relapse.

The intra-erythrocytic stage involves the parasites multiplying asexually and
undergoing maturation through the ring, trophozoite and finally the schizont stage.
When the schizont-filled erythrocyte ruptures it releases merozoites which can invade
other erythrocytes close by. This process can be repeated many times and is
responsible for the periodic fevers which are associated with malaria. The actual fever

pattern depends on the strain of the parasite involved.

Some of the merozoites differentiate into the sexual forms, micro (male) and macro
(female) gametocytes within the red cell. Transmission of the parasite relies on the
uptake of mature gametocytes by a mosquito in a blood meal. Within the mid-gut of
the mosquito the gametocytes undergo further development. The female gametocyte
becomes a macrogamete, the male becomes a microgamete and fertilisation takes
place producing a zygote. Within a few hours the zygote becomes a motile ookinete
which penetrates the gut wall and matures into an oocyst. Within the oocyst
sporozoites develop which emerge and migrate to the mosquito’s salivary glands,

ready to initiate the cycle all over again. (Zaman & Keong, 1990; Giles, 1993).
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1.2.4 Human Malaria

Once a person becomes infected with malaria, the length of time before their

symptoms Start to show, i.e. the incubation period, depends upon the strain of the

parasite involved. Diagnosis depends upon the presence of symptoms and the

presence of parasites in the blood. Clinical symptoms vary between parasite strains.

The most common symptoms are periodic fevers which are associated with the release

of merozoites from rupturing erythrocytes. As the disease progresses headaches,

pains, fever, gastro-intestinal symptoms such as nausea, vomiting and diarrhoea, and

rigors will develop. If the malaria is not treated at this stage life threatening

complications can arise, particularly in P. falciparum .

Table 1.1 Characteristics of Plasmodium species infecting humans

Species

P. falciparum  P.vivax  P.ovale P. malariae
Average incubation 12 13-17 14 28
period (Days)
Pre-erythrocytic 5-7 6-8 9 14-16
stage (Days)
Erythrocytic cycle (hrs) 24-48 48 50 72
Hypnozoite production None Yes Yes None
Mosquito Cycle (Days) 9 8 12 16
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1.2.4.1 Human Plasmodia Strains

1.2.4.1.i P. vivax (Benign Tertian malaria) The classic periodic fevers associated
with malaria only develop if the patient remains untreated until the infection becomes
synchronised. In the case of P. vivax paroxysms occur every other day (or days 1 and
3, hence ‘tertian’) due to the rupture of erythrocytes every 48 hours. Fatalities are
rare with P. vivax. Mild anaemia, which can be dangerous in children, is a common
symptom, as is splenic rupture due to enlargement of the spleen which can be fatal if
not treated quickly. Relapses, due to the differentiation of parasites into hypnozoites
in the liver, are common with this strain of malaria. The period of quiescence depends
upon the strain of P. vivax involved and the climatic zone (Warrell, 1993). P. vivax
has the largest geographical range of all the human malarias, but is rarer than P.
falciparum. At one time it was common in many temperate countries but now is
found mainly in Southern Asia and Central America. Vivax malaria is very rare among
West African people as many of them lack the Duffy blood group antigen alleles

which P. vivax requires as a receptor for erythrocyte invasion.

1.2.4.1.ii P. ovale (Tertian malaria) Ovale malaria very closely resembles vivax
malaria. It has the same tertian periodicity of fever and also produces hypnozoites, but
relapses tend to be less frequent than with P. vivax. Spontaneous recovery is quite
common in ovale malaria and the clinical symptoms seen in vivax malaria such as
anaemia and splenic enlargement are less severe, hence it is not normally fatal
(Warrell, 1993). P.ovale does not have a wide distribution, it is largely restricted to
the African continent although a few cases in Asia have been reported (Zaman &

Keong, 1990).
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1.2.4.1.iii P. malariae (Quartan malaria) In synchronous infections, P. malariae
schizonts rupture every 72 hours causing febrile paroxysms on days 1 and 4 (hence
quartan). Again the clinical symptoms resemble those of vivax malaria and the
outcome is rarely lethal. The fatalities which do occur are usually due to a nephrotic
syndrome which P.malariae appears to cause in a small number of patients who are
exposed to repeated infections. P. malariae can become chronic and can last in the
body for up to fifty years. This is not due to hypnozoites, it is caused by recrudence of
persistent erythrocytic forms of the parasite in small numbers. Malariae malaria is

restricted mainly to Africa.

1.24.1iv P. falciparum (Malignant tertian malaria) This is the most deadly of the
human malarias and is responsible for the majority of the 2 million, mainly infant,
deaths each year. Of the human malarias it has the shortest duration of infection, the
shortest incubation period, the greatest number of merozoites per exo-erythrocytic
schizont and results in the highest parasitaemias. The fevers associated with this strain
of malaria tend not to be periodic, they are either continuous, remittent or irregular.
When periodic fever does occur it is either daily (quotidian), every third day (tertian)
or twice every 3 days (bi-tertian). In non-immune and susceptible people such as
children the disease can develop rapidly into a life-threatening condition unless
treatment is started. The main complications which can lead to death in falciparum
malaria are cerebral malaria, severe anaemia, renal failure, pulmonary oedema and

hypoglycaemia
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1.2.4.2 Complications of Severe Falciparum Malaria ,

1.2.4.2.i Cerebral Malaria Cerebral malaria is the most severe clinical complication
of P. falciparum and is defined as a state of unrousable coma attributable solely to
falciparum malaria (Warrell, 1989). In reality any impairment of consciousness or
convulsions could suggest cerebral malaria. It is invariably fatal if left untreated and is
still associated with 20% mortality in treated patients. Cerebral malaria normally starts
with several days (less than two days in children) of fever and non-specific symptoms
such as headaches and drowsiness. This can lead to impaired consciousness, delirium
and convulsions followed by persistent coma if it is not treated quickly (Warrell,
1993; W.H.O., 1990). A number of hypotheses have been put forward to explain the
pathophysiology of cerebral malaria. Increased permeability of the blood-brain barrier,
cerebrovascular thrombosis and immunological mechanisms have all been suggested
but no convincing evidence has been found for any of them (Phillips & Warrell, 1986).
Blockage of the cerebral microvasculature leading to a reduction in the supply of
oxygen and other nutrients to the brain is now thought to be the major cause of the

comatose state which is associated with cerebral malaria.

Lining of the cerebral capillaries and venules with infected erythrocytes
(sequestration) is a common pathophysiological feature of severe falciparum malaria
(MacPherson et al., 1985). It is caused by the cytoadherence of infected erythrocytes
to certain host molecules on the vascular endothelium, through ‘knobs’ on the surface
of the parasitized red blood cell (prbc) which contain parasite specific antigens
(Fujioka & Aikawa, 1996). As a result of cytoadherence there is a reduction in
cerebral blood flow which leads to anaerobic glycolysis and an increase in lactate

production (anaerobic parasite metabolism can also contribute to high lactate
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concentrations) (White ez al., 1985; Warrell et al., 1988). An increase in the
concentration of circulating TNF has also been associated with cerebral malaria (Grau
et al., 1989). This and other cytokines may enhance cytoadherence by up-regulating
the expression of endothelial receptors such as ICAM-1 which bind to the parasitized

erythrocytes (Miller et al., 1994).

1.2.4.2.ii Severe Anaemia Severe anaemia is an almost inevitable complication of
severe malaria and results in a reduction of the oxygen carrying capacity of the blood.
It is a big killer of young children, particularly those under 2 years old, and is common
in pregnant women. Although the malaria infection is a major contributor to the
anaemia, it has also been associated with secondary bacterial infections and hepatic
and renal dysfunction. Falciparum malaria related anaemia is thought to be caused by
a combination of the increased haemolysis of parasitized erythrocytes, an accelerated
clearance of non-parasitized erythrocytes by the spleen and ineffective erythropoiesis
by the bone marrow (Phillips & Warrell, 1986; Clark and Chaudhri, 1988; W.H.O.,
1990; White & Ho, 1992; Frances & Warrell, 1993). When parasitized erythrocytes
have undergone schizogony they burst releasing merozoites, hence haemolysis must
contribute to a low blood count. Surprisingly severe anaemia is not always associated
with a high parasitaemia, however this may be due to the parasitaemia being counted
after the majority of the parasitized cells have burst (Miller et al., 1994). The reason
for the increased splenic removal of non-parasitized erythrocytes, which can last for
up to three weeks after the infection has gone, is not clear. Immune-mediated
haemolysis has been suggested as the cause, but the evidence for this has been
conflicting (Phillips & Warrell, 1986; W.H.O., 1990; Francis & Warrell, 1993), and

recent studies in mice suggest that this mechanism is unlikely (Salmon et al., 1997).
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Alterations in the cell membranes of both parasitized and non-parasitized erythrocytes
may play a role. These changes are analogous to accelerated cell ageing and may
provide targets for autoantibodies which would accelerate the removal of the cells
(White & Ho, 1992). The response of the bone marrow to acute anaemia is delayed in
falciparum malaria, with reticulocytosis not beginning for many days. When it does
begin it is often insufficient. This may be due to the release of cytokines in the bone
marrow. TNF and IFNY have both been shown to suppress haematopoiesis (Young &
Alter, 1994) and in rodent malaria TNF appears to contribute to bone marrow
dysfunction (Miller et al., 1989). In humans however, definitive proof of a cytokine-
mediated mechanism is lacking. Another possible explanation is that sequestration of
parasitized erythrocytes in the bone marrow causes local hypoxia (White & Ho,

1992).

1.2.4.2.iii Renal Failure Renal failure is common among adults with severe
falciparum malaria but not children. It is associated with high parasitaemia,
haemoglobinuria, jaundice and cerebral malaria. Approximately half of all adults with
cerebral malaria show biochemical signs of renal impairment such as raised blood urea
and serum creatine. Histopathological studies have shown that falciparum malaria
patients with renal dysfunction develop acute tubular necrosis. This is thought to
result from a reduction in renal microvasculatory blood flow. Cytoadherence has been
seen in the glomerular capillaries but to a lesser extent than in the brain or heart.
Whether this is responsible for the reduced blood flow is unknown. The outcome of
malaria associated renal failure depends on the overall severity of the infection and the

availability of dialysis. If there are no other complications and dialysis is available,
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renal function can return to normal (Phillips & Warrell, 1986; W.H.O., 1990; White &

Ho, 1992; Francis & Warrell, 1993)

1.2.4.2.iv  Pulmonary Odema Pulmonary odema is a grave complication of severe
falciparum malaria. It kills approximately 80% of the people affected, despite
treatment. Like renal failure it is commonly associated with dysfunction of other vital
organs and is rarely seen in children but is a particular problem of severe malaria in
pregnant women. The manifestations of this complication are similar to those of Adult
Respiratory Distress Syndrome (ARDS) which is thought to be due to increased
pulmonary capillary permeability caused by leukocyte products released through
complement/cytokine stimulation. Pathological reports have shown that the alveoli of
malaria patients with pulmonary odema are congested with macrophages, neutrophils
and other cells. Hence a similar mechanism to that which causes ARDS may be
responsible for the pulmonary odema associated with severe falciparum malaria
(Phillips & Warrell, 1986; W.H.O., 1990; White & Ho, 1992; Francis & Warrell,

1993).

1.2.4.2.v Hypoglycaemia In adults hypoglycaemia is defined as a blood glucose
concentration of less than 2.2 mmol/l (Gregory & Aynsley-Green, 1993). It causes
anxiety, breathlessness, feelings of coldness, light-headedness, impaired
consciousness, extensor posturing, convulsions, shock and coma. All these symptoms
can also of be attributed to cerebral malaria and as a result hypoglycaemia has only
recently been recognised as a complication of severe malaria (Phillips, 1989).
Previously it was assumed that the symptoms caused by hypoglycacmia were due to

cerebral malaria, and blood glucose was never measured. Now however, blood
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glucose concentrations are measured routinely in malaria patients, particularly
pregnant women as they can develop asymptotic hypoglycaemia (White et al., 1983;
Looareesuwan et al., 1985) which may cause foetal distress or death in utero.
Hypoglycaemia in both adults and children is commonly associated with other
manifestations of severe falciparum malaria such as cerebral malaria, renal failure and
hyperparasitaemia and carries a poor prognosis i'(White et al., 1983; White, N. et al.,

1987; Taylor et al., 1988).

As was stated previously, there are a number of factors which can contribute to
malarial hypoglycaemia. The symptoms of malaria, such as fever, can increase the rate
of glucose consumption by the host. Consumption of glucose by the parasite itself
increases proportionally with the stage of development. Erythrocytes containing
mature parasites require 70 times more glucose than non-infected erythrocytes
(Sherman, 1979). Malaria parasites metabolise glucose anaerobically producing
lactate ( Sherman, 1979), which partially explains the high levels of lactate associated
with hypoglycaemia in malariakWhite et al., 1983; White, N. et al.1987; Taylor et al.,
1988). Anaerobic glycolysis by the host may also contribute to the high lactate
concentration. In microcirculatory beds where parasites are sequestered in high
numbers there is strong competition for the glucose available (Macpherson et al.,
1985) These high plasma lactate levels are normally accompanied by high plasma
alanine levels, suggesting that impairment of hepatic gluconeogenesis may also
contribute to the hypoglycaemia (White et al., 1983, White et al., 1987, Taylor et al.,
1988). This inhibition of gluconeogenesis may be caused by cytokines such as TNF
(Grau et al., 1989). There is a strong correlation between hypoglycaemia and the

release of cytokines, particularly TNF, in both humans (Grau et al., 1989;
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Kwiatkowski et al., 1990) and rodents (Clark et al., 1987; Clark et al., 1992).
Hypoglycaemia due to starvation and glycogen depletion is a particular problem of
young children with falciparum malaria. They require between 2 and 4 times more
glucose than adults and without food their glycogen stores only last for 12 hours.
They are then dependent on gluconeogenesis to maintain their glucose levels, but as
this is impaired in falciparum malaria they can quickly become hypoglycaemio;(White, N.

et al., 1987; Kawo et al., 1990).

In some studies patients have developed hypoglycaemia together with
hyperinsulinaemia following the initiation of quinine treatment (White et al., 1983;
Looareesuwan et al., 1985). This effect is thought to be caused by the quinine
stimulation of insulin release from pancreatic islet cells, a phenomenon which has been
demonstrated in vitro (Henquin et al., 1975). Pregnant women have hyper-reactive
beta cells (Gilmer et al., 1975), which may explain why they are more susceptible to
hypoglycaemia and hyperinsulinaemia when treated with quinine (White et al., 1983;
Looareesuwan et al., 1985). Hypoglycaemia and hyperinsulinaemia can also occur in
the absence of quinine treatment. This may be due to the inhibition of lipoprotein
lipase by TNF triggering the compensatory release of insulin; insulin normally up-
regulates this enzyme but cannot do so when TNF is present, therefore extra insulin

may be produced in an attempt to overcome the inhibition (Clark et al., 1987).

1.2.4.3 Treatment of Human Malaria
In the early 17th century it was discovered that bark from the Cinchona tree could be
used to control the fevers associated with malaria. The use of this remedy, known as

‘Jesuit’s powder’ spread rapidly throughout Europe, but it was not until 1820 that

37








































































































































































































































































































































































































































































































































































































































































