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SUMMARY

g
Pharmacological studies of the antimalarial drugs chloro-

quine, primaquine, quinine, proguanil and pyrimethamine
have becen made, These studies have shown that the compounds

possess a wide spectrum of pharmacological actions in
common on many tissues and organ-systems. In most cases,

their effects were biphasic, consisting of an initial

stimulation followed by a more permanenti inhibitory phase.

All five antimalarial compounds, at low concentrations,

reduced the base-line tone (tension) of all smooth muscles
studied, and augmented electrically-induced contractions of
the chick oegophagus, vas deferens and central ear artery
preparations, Higher concentrations of the drugs dose-
dependently contracted éastrointestinal smooth muscles and
inhibited the spontaneous, myogenic rhythmic contractions

of intestinal muscles, uterine strips and portal veins in

vitro in a dose-~dependent manner., In the same dose range

they inhibited the electrically-evoked contractions of the

chick oesophagus, vas deferens and central ear artery

preparations.

The drugs relaxed tracheal chain preparations contracted

with acetylcholine (in the presence of physostigmine),

carbachol, histamine and 5-hydroxytryptamine. In vitro,
all five compounds antagonisced the actions of standard

spasmogens in all preparations examined. This spasmolytic
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offoct of the drugs has beon shown to bo non-spocific in

naturo. -~

All thoe five compounds, in very low doses, augmented the
acéion of acetylcholine on frog rectus abdominis and chick
biventer-cervicis muscles. High concentrations of tho drugs
themselves caused dose-related sustained contractions of

the muscles in vitro;' In similar concentrations thoy.
inhibited, or abolisliecd, the actions of acqtylcholino,
carbachol, nicotine and potassium chloride. In some éaées,
low concentrations of the compounds, especially quinine,
chloroquine and primaquine, augmented‘electrically—induced
twitches of the chick biventer and rat hemi-diaphragm

muscles in vitro, and of the soleus and tibialis anterior

muscles of the cat in vivo. High doses of the compounds,

. themselves inh%bited the twitches in a dose-related manner,
and augmented the effects of necuromuscular blocking agents
on the preparations. The drugs also inhibited the tetanic
as well as the intra-arterially injected acetylcholine-

induced contractions of the tibialis anterior muscle in

vivo. All the five compounds possessed anticholinesterase

activity.

In isolated cardiac musclo, all the five drugs studicd
increased the refractory period and causednegapive inotropic
and chronotropic responses,., Ilowever, low concentrations of
the quinoline compounds (primaquineJ chloroquine and

quinine) induced slight but measurable transient positive
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chronotropic offects in the heart. Intravenous

inotropic and R

injections of each of the five compounds into anaesthetized
cats produced similar cardiovascular changes., These changos
consisted of dose-dependent reductions in systemic and
pulmonary arterial pressures, left ventricular pressure,

left ventricular dP/dt max; and heart rate. Other changes

consisted of dose-related increcases in right atrlal and lof't
ventricular endrdjgstollc pressures, P-R interval and QRS
complex duration. All the compounds inhibited or abolished
the pressor effects of intravenous noradrenaline on the

cardiovascular system,
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MALARTA

The word 'malaria' is derived from two Italian words "mala"
and "aria" meaning "bad air", Today however, malaria is

recognized as a discase caused by infection with protozoan

parasites assipgned to the genus Plasmodium, and is

characterized by intermittent fever, anaemia and splenic

enlargement,

It has long been established that malaria in man is causcd
by four species of Plasmodium (protozoan parasites) and in
other animals, birds and reptiles, by many other species.
The four species of plasmodia known to infect man, and for
which man is the natural host, are: Plasmodium vivas,

Plasmodium falciparum, Plasmodium malariae, and Plasmodium

ovale, The first three of these arc widely distributed and
occur most frequently in. tropical and sub-~-tropical countries,

whilst the last is more common in cooler regions. FEach of
the four human plasmodial species produces a specific

malarial discase which is named according to its pathogen
respectively as: vivax malaria (often referred to as cither
bdnign tertian, simple intermittent feover, or the tertians),
falciparum malaria (also known as either malignapt tertian,
acstivo-autumnal, sub-tertian, malignant bilious, tropical
and pernicious malaria, or congestive remittent fever)
malaria; malaria (sometimes called quartan fever or quartan
ague), and ovale malaria (usually described as ovalo tertian).
The infections arec labelled 'tertian' or 'quaftan' be?ause

the fover tends to re-occur every third or fourth day,
y ge



although some variation in time intorvals may be obseorved.
The discaso caused by infection with malarial parasite is
characterized by successive chills, periodic fcvers'and
convulsions., Other clinical signs include anorecxia,

jaundice, pain and muscular weakness.

All speccies of Plasmodium have two hosts, a vertecbrate gnd

a mosquito that acts as both vector and definitive hhoste.

Mosquitoes of the genus Anopheles are the vectors for human

malaria while mosquitoes of the genera Aedes, Culex and

Culiseta as well as Anopheles are tho vectbrs for the

plasmodia infecting other vertebrates. In the vertobrate

host, all species of plasmodia have a predilection for life

in the erythrocyte in which they metabolize haemoglobin with
the formation of a pigment, hacmozoin or haematin, as a by-

product and the_libefation of toxins or malarial !'poisont,

Te Life cycle of human plasmodium

The life cycle of human plasmodium is illustrated in Figure

1 and consists of two distinct phases denoted by stages
in the mosquito and stages in man respectively. The sexual

phase of the life cycle begins when a female anopheles
mosquito bites an individual and ingests bload*containing
the malarial parasite in the gametocyte stage. In the
stomach of the mosquito, the sexual phase of de{elopment
called sporogony occurs. The male and female‘gametocytes
form gametes. An ookinete is fo;mod by fertilizatioq ?nd

this penotrates the stomach wall, Outside the stomach, an
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oocyst is formed which produces sporozoitos that aro
" releascd by the rupturipg of the oocyst. Tho sporozoites
travel to the salivary glands of the mosquito, from which

they may be transferred to an uninfected individual host by

the bite of the mosquito when it starts its blood meal.

Injected sporozoites disappear rapidly from the blood

stream of the new host, entering the parenchyma cells of

the liver and, perhaps, some other tissues. The parasito

now begins the asexual phase of development called schizogony.
In this pre-erythrocytic (primary exoorythrocytic) stage,

the parasite grdws and divides to form a schizont. The
schizont segments to form many merozoites, which causes the
rupturing of the cell, and the merozoites enter the blood
stream. The morozoites invade the red blood cells,

beginning the erythrocytic stage. Within the red blood cells,
the merozoites begome trophozoites, and multiplication by
schizogony occurs. The schizonts that aro formed from the

trophozoites divide into two merozoites and, thus,

continuously dincrease the number of merozoites available to
invade more red blood cells, so that finally; the number of
rupturing cells is sufficiently great td initiate the
clinical syﬁptoms of the discase, Thié asexual cycle
continues until chemotherapy is initiated, immunity 1s
doveloPed, or decath occurs. The continuous invasion and
subscquent cruption of erythrocytes lead to the Feyelopmont
of another significant symptom of malaria, anaemia. It is

tho chronic anaemia of the victim that contributes to the

malaise and the general lassitude of the poople in

Ka



malarious countries (White 1971). ;

At any time, but barticularly when normal reproduction of
the erythrocytes becomes unfavourable, some of the
trophozoites from the erythrocyte stage develop into male
(micro-~) or female (macro-) gametocytes thﬁt circulate in
the blooq to become available'for ingestion'by another

mosquito., Thus, the life cycle is complete. Some species

of Plasmodium, notably P. vivax (but not P. falciparum),
arc capable of existing in para-erythrocytic (socondary

oxoerythrocytic) forms that have a variety of patterns

but always pass through schizoﬁt stages. By this develop=-
ment, the parasite may oenter into a dormant state in tho |
tissucs of the host auring which time it may appear that
the infection has been overcome. However, some time later
the parasite.may return to the blood stream and thus cause

a relapse,

1e2 Chemotherapv of malaria

Numerous excellent authoritative reviews on'various aspects
of malaria clhicmotherapy have been published since 1945

(far references, seo Elslager 1969). On the basis of
chemotherapy, antimalarial drugs may be classified into

five major different types depending on which stage of tho

life~cycle of the organism is affected (Figur0'1)-



(1)

(2)

(3)

Sgorozoitocidesz
$

These are antimalarial drugs that are capablo of
killing the sporozoites as soon as thoy are
introduced into the blood strcam by the bite of
a female aﬁOpholes mosquito. Such drugs would
be most desirable, since they would be truly
causal prophylactics capable of preventing the
development of the diseasce. Unfortunately, very

f'ew compounds with ‘such chemotherapeutic proporties

have been found.,

Exoerythrocytic Schizontocides:
These are drugs capable. of killing the parasites

in their schizont stage, in either the primary or
the secoxndary exoerythrocytic form., Such drugs,
sometimes called "tissue schizontocides", may be
said to be curative, because they are capable of
eradicating the parasites before they enter the
red blood cells or while they arc dormant in the
host. A favourable offect on relapse rate

rosults, Only a few drugs have been found that

possess such activity to a significant degree.

Erythrocytic Schizontocides:

These are antimalarial drugs that are capable of
inhibiting the development of schizonts during
the erythrocytic stage of the parasite's life- .
cycle. Usually, such drugs keep the number of
tho blood forms of the organism at a level bolow
that nccessary to precipitate the clinical
symptoms of the disease. Such drugs, sometimes
called "suppressives" or "clinical prophylactics”,
are also known as "blood schizontocides". Many |
of the widely used antimalarials exhibit this
kind of activity,



(4) Gametocides:

These aro‘dfﬁgs that are capable of killing the
parasites in their gametocytec stage, Such drugs
help to prevent the spread of the discase, since
the vector mosquitoes do not become infected.

A few antimalarial drugs possess such activity.

(5) Sporontocides:

These are drugs that are capable of preventing

- 8porogony in the vector mosquito by their cffect
on the gametocytes in the blood of the vertebrate
host. All sporontocidal drugs show activity as

exo-cerythrocytic schizontocides as well.

The ideal drug would be one that exhibited all five types

of activity against all four species of human plasmodia.
Unfortunately however, no such broad-spectrum antimalarvrial

compound has yet been found.

In the evaluation and use of antimalarial drugs, certain

concepts and definitions are useful., TFor .example, drug

action on schizonts, erythrocytic or exo-erythrocytic phase

is referred to as SCHIZONTICIDAL; on gametocytes as

GAMETOCIDAL; and on sporozoites as SPORONTOCIDAL.

CLINICAL CURE implies that acute symptoms and signs of the
disease have been rclieved so that the patient appears to
have recovered, RADICAL CURE, whether occurring naturally
or after medication, implies clinical cure plus.elimination
of plasmodia from the blood and tissuecs soO that 1elapses

are not possible; SUPPRESSION implies the prevention of

@ {1



clinical symptoms by action on the plasmodia and it may be
TEMPORARY, ic., present "only while the drug is eoffoective in

the plasma, or PEhMANENT, in which case no attack supervenes

alter supprossive medication has boen stoppedy; SUPPRESSIVE

CURE is a radical cure brought about while the patient is
receiving suppressive rather than therapeutic medication;
DRUG PROPHYLAXIS is the use of chemotherapeuti? agents(s)
to protect individuals from the attacks and manifestations

of the discasce; such protection may be in the form of
INDIVIDUAL DRUG PROPHYLAXIS, or communal, ic. COLLECTIVE
DRUG PROPHYLAXIS. When a drug acts on sporozoites or on

pre~crythrocytic plasmodia to prevent further development
in the body, the result is TRUL CAUSAL PROPHYLAXIS. The

term PRESUMPTIVE TREATMENT has been used to describe the
administration of an antimalarial agent in a single dose to

presumptive cases of malaria before the result of blood

smear cxamination becomes available, Presumptive treat-

ment is an important procedure in the surveillance period

/

of a malaria eradication programme.

The drugs most effeptive in bringing an acute attack of
malaria tp a speedy end, by acting on the asexual plasmodia,
arc quinine, mepacrine and the 4-aminoquinolines - chloro-
quine and amodiaquine. On the other hand, the drugs most
uscful in effecting a radical cure of viva# infections,

once the primary attack has been halted, are the 8-amino-
quinolines - pamaquine and primaquine. Lastly, the drugs

most useful for chemoprophylaxis are: chloroquine, amodia-

’ i



quine, proguanil and pyrimethamino.,

.y

167 Development of active synthetic antimalarial compounds

The most important classes of synthetic antimalarial drugs

known today are:

(1) Cinchona alkaloids
(2)* h-Aminoquiﬁolines
(3) 8-Aminoquinolines
(4) 9-Aminoacridines
(5) Biguénides

(6) Pyrimidines

(7) Sulphones and Sulphonamides

Out of all these major groups, only a few are therapcutically

important and will be discusscd.

Cinchona alkaloids

The crude drug (cinchona bark) contains numerous alkaloids,

of which quinine, quinidine, cinchonine and cinchonidine are
the most abundant and important, Although cach member of

this quartet has some therapeutic effect on malaria, quinine

has been the most useful,

Quininc

Chemically, quinine isolated by Pelletier and Caventou in
1820 (Duran-Reynals 1946) is a quinoline compound of complex
molecular structure (Figure 2) and first synthetisized by

Woodward ,and Doering in 1944, Quinine is a gecneral proto-
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plasmic poison, By virtue of its toxicity to cells, it is
a local irritant. Intramuscular injoctionsbof the drug,

for example, may causc pain and sloughing whilst careloss
intrAVenous injections may thrombose veins, In high con-

centrations (not attained in clinical treatment) quinine

haemolyzes red blood cells, After oral administration,

quinine is absorbed in the émall intestine and becomes cone-
centrated in plasma and cellular elements of blood. It has

been suggested that the reticulo-endothelial cells remove

approximately two-thirds or more of quinine in the blood

/

and take 1t to the liver, kidneys and to the muscle tissues

where it is destroyed., The rest is eliminated in urine,
except for small amounts secreted in the bile, saliva, or

milk of lactating mothers.,

Tﬁxicitx

The chief toxic manifestations of quinine are grouped to~
gether under the term "cinchonism", This syndrone may
include one or more of the following: tinnitus, slight
deafness, dizziness, amblyopia, photophobia, diplopia,
vertigo, headache, gastric distress, nausea, vomiting,
diarrhoea, fever, sweating, flushed skin, and urticarial
rash, OSometimes, facial oedema, slight mental depression,
and syncope occur. Some individuals are hypersensitive to
quinine., When such toxic effects appear in the course of
standard malaria therapy, they are usually mild and clear

up completely, but when they are due to overdosage, they

may result in permanent injury to the retinal and auditory

¢ !?
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ganglion cells, or to the optic nerve., Theorapy should how-
ever be terminated when the sipgns and symptoms of "cinchonism"

abpear during the course of normal malaria treatment with

quinine.

Chloroquine and other 4-aminoquinolines

The synthesis of H—aminoquinolines for antimalarial studies
was first undertaken by Russian and German workers Jjust prior
to World War II., The general direction that rescecarch had
been taking may be scen by the German report in 1942
(Scthther 1942) that 4-, 6- and 8-aminoquinolines gave
antimalarials when properly subsitituted. The first U4-—
aminoquinoline synthesized in Germany in 1937 (Coatney 1963 )
was named 'Resochin!, This compound is officially known

now in the.United Kingdom,United States and many other

parts of the world as chloroquine, (Other names by which

chloroquine is known are: 'Aralen', !'Avloclor!', Nivaquine B!

and 'Tanakan*). Strangely "Resochin" was discarded at first

- i

as being too toxic and Sontéchin was-synthesized. This com-
pound which differs from chloroquine only in having an extra
methyl group on. the quinoline nucleus, was the second 4-
aminoquinoline and 1t was being tested in the German Army
when samples were obtained in North Africa by the Allies in
1943, Sontochin (also known as: !'Santochin', 'sontoquine!,
Wivaquine A', 'Nivaquinec C’) and a sefies éf other U-amino-
quinolines were then synthesized in the United States and
tested in clinical studies. Of all the h-aminoquinolines,

however, chloroquine and amodiaquine ('Cam-aqi!, !'Camoquint?,
) ¢
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'I"lavoquine!, or 'Miaquine') were found to be the best for

malaria therapy and prophylaxis, and are now in common use.

Toxicitx

Chloroquine and amodiaquine can be administered orally or

parenterally. - The compounds arc rapidly and almost completely

absorbed from the gastro-intestinal tract and are localized

in -various tissues from which they are slowly metabolized

and cxcreted,

Chloroquine and amodiaquine have a lower therapeutic index and

higher safety margin than quinine. Alfhough the toxicit&
of 4-aminoquinolines is quite low in the usual antimalarial
regimen, both acute and chronic toxic reactions may develop.
Acute side effects include nausea, vomiting, anorexia,
abdominal cramps, diarrhoca, headache, dizziness, pruritus

and urticaria, convulsion and blurring of vision. Usually,
such symptoms are completely reversible on reduction of the

dosc or complete withdrawal of the drug. Toxic effects that
are found less frequently are leucopenia, tinnitus and
deafness. Long term administration or high dosages may have
serious effects on the cyes, and opthalmological examinations
should be carefully carried out. More serious toxicity has
been reported after prolonged dosing in the treatment of
skin discases. Tor example, a fatal agranﬁlocytpsis was

- reported after 0.2 g of amodiaquine administored daily for
eight weeks. Severce leucopenia and thrombocytbpehia have

also occurrcd after long courses of chloroquine in the treat-

de
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‘ment of skin diseases (Russel, West, Manwell and Macdonald

1963). Rare cases of bluish-grey to black pigmentation

have been rcportea in individuals who have taken amodiaquine

prophylactically for a prolonged period of timeo, For
instance, in certain cases where three tablets of ‘'camoquin'

(containing 0.2 g amodiaquine base per tablet) had been
taken weekly for a year (Russel et_al, 1963), The dis=-
coloration was noticed especially in the nail beds of

fingers and toes, and on the nose, lips and palate. The
pigmentation was in some areas diffuse but in others was in

the form of macules or irregular patches, 1 to 10 mm in

diameter. It has been recommended that chemotherapy should

be stopped when toxic signs and symptoms appear.

Primaguine and other 8-aminoguinolines

Shortage of quinine in Germany during the TFirst World War
directed attention to the need for synthetic antimalarials.

Starting with Guttman and Ehrlich's observation that methylcne

blue has some inhibitoryﬁeffect on plasmodia, Schulemann,
Schonhofer and Wingler synthesized, and Roehl tested,
several compounds, finally selecting in 1925, pamaquine
(plasmochin) as the best., This drug was the first truly
successful synthetic antimalarial compound. Pamaquine
(Wisclogle 19463 Loeb, Clark, Coatney, Coggeshall, Dieuaide,
Dochez, Hakansson, Marshall, Marvel, McCoy, Sapero, Sebrell,
Shannon and Carden 1946) was the first of the synthetic 8-
aminoquinolines, and it is variously called 'Aminoquin?,

. . v |
’Boprochlnl, 'Gamefart, !'Plasmochin', Plasmoquine’,



tPlasmocide!, and 'Pracquine'. This drug is being

superseded by primaquite (Wiselogle 19463 Edgcomb,
Arnold, Yount, Al%ing and Eichelberger 1950) synthesized
in the United States in 1945, which has a similar action

to pamaquine but a lower toxicity.

Toxicitx

It has become incrcasingly clear thatlt there is only a

narrow margin of safety between therapeutically effective
and seriously toxic doses of pamaquine, primaquine and other
8-aminoquinoliﬁes. Consequently, most observers have ceased

to use these compounds routinely in the trecatment and

prophylaxis of malaria (Russel et al, 1963).

The toxic effects of the 8-aminoquinolines are principally
on the central nervous and haemopoietic systems, Occasionally,
anorexia, abdominal pain, vomiting and cyanosis may be

produced. The toxic effects related to the blood system

are morc common; haemolytic anaemia (particularly in dark-
skinned people), leucopenia and methémoglobinemia are the

usual findings.

Symptoms of pamaquine toxicity frequently seen after minimal
therapeutically effective dosages include:; abdominal pain,
nausea, vomiting, hecadache, dizziness, and‘drowsiness.
Haemoglobinuria, acute haemolytic anaemia, granulocytopenia,
cyanosis, circulatory collapse, jaundice, or acute yellow

atrophy of the liver are less common but very disturbing
$2



side effects of pamaquine.

The tendency for haemolytic reaction following primaquince
administration has been shown by Alving, Xellermeyer,
Tarlov, Schrier, and Carson (1958) to be linked with a
defect of glucose~6~-phosphate~dehydrogenase enzyme in the
erythrocytes of susceptible persons, It is an hereditary
characteristic most commonly found in éark-skinnedpeople in

equatorial countries. There is some overlap between
therapeutic and toxic doses of pamaquine in such people,
but there is usually a slight margin between the two in the
case of primaquine, with which toxic effects arc therefore
much less frequent. It has, however, been shown that acute
intravascular haemolysis may occur in such people after the
daily administration of 30 mg. primaquine., The haemolysis

is self-limited, as only the older red blood cells are
destroyed., In susceptible individuals, primaquine is
haemolytic at all dosages but the haemolyéis is usually not
of clinical significance if’the daily adult dose of 15 mg,.
base 1s not exceeded, Some observers recommend that prima-

qﬁine should not be given to infants under six months of

age (Russecl et _al, 1963),

Progganil and other biguanides

The development of the biguanides as antimalarials began in
the mid 1940's as a result of a rescarch programme of' some
British scieﬁtists (Curd, Davey and Rose 1945) who had

observed the activity of some sulphonamide drugs, particularly
] &
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sulphadiazine, against malaria infoctions. It was then
thought that the incorporation of certain dialkylaminoalkyl

chains onto tho pyrimidine ring might lead to significant

antimalarial compounds. Although some of their pyrimidine

derivatives were active, their studies lecad them to some

open models including certain biguanides. These compounds

showed definite activity against plasmodia, and subsequent
chemical modifications led to the production of the compound
now known as proguanil by Adams, Maegraith, Xing, Townshead,
Davey and Havard in 1945. Almost at the same time, this

team of workers synthesized chlorproguanil in England,

However, the dichloro-compound, chlorproguanil, is more toxic
than proguanil itself, and for this reason is less frequently
used in clinical practice. Proguanil is the British
Pharmacopoeia name for: the biguanide known officially in the
United States as chlorguanide, Other names for progﬁanil
aroc: 'Bigumal'; 'Chloriguanet!, !'Diguanyl!?, 'Guanatol!,

'Paludrine!, 'Palusil?!, and !'Tiriant!,

It has been established that the active forms of biguanides
are their metabolic products (Crowthor and Levi 1953). For
proguanil, this 1s h, 0-diamino-1-p-chlorophenyl~-1, 2-dihydro—
2 2—dime£hyl-1,-3,-5—triazine (sometimes cal;ed tcyclo-
guanil'!), Because these metabolic products are eiiﬁinated

so rapidly, they arc mnot useful per _se in the trecatment of

.

human malarias although they are about ten times as active
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