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I 
SUMMARY 

w 
Pharmacological studios of the antimalarial drugs chioro- 

quine, primaquine, quinine, progtianil and pyrimethamino 

have boon 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, 

thoir effects wero biphasic, consisting of an initial 

stimulation followed by. a more permanent 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 oesophagus, vas deferens and central ear artery 

preparations. Higher concentrations of the drugs dose- 

dependently contracted gastrointestinal 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)q 

carbachol, histamine and 5-hydroxytryptamine. In vitro, 

all five compounds antagonised the actions of standard 

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

naturo. -4 

All tho fivo compounds, in very low dosos, augmentod tho 

action of acotylcholirio on frog roctus abdominis and chick 
0 

biventer-corvicis musclos. High concontrations of tho drugs 

themselves caused dose-related sustained contractions of 

the muscles in vitro. In similar concentrations they 

inhibited, or abolished, the actions of acetyicholino, 

carbachol, nicotine and potassium chloride. In some casosg 

low concentrations of the compounds, especially quinine, 

chioroquino 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 inhibited the twitches in a dose-related manner, 

and augmented the effects of neuromuscular blocking agents 

on the preparations. The drugs also inhibited tho tetanic 

as well as the antra-arterially injected acetylcholin©- 

induced contractions of the tibialis anterior muscle in 

vom. All the five compounds possessed anticholinestoraso 

activity. 

In isolated cardiac muscle, all the five drugs studied 

increased the refractory period and caused negative inotropic 

and chronotropic responses. However, low concentrations of 

the quinolino compounds (primaduine,, chloroquine and 

quinine) induced slight but measurable transient positive 
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inotropic and. chronotropic affects in the heart. Intravenous 

injections of each of the five compounds into anaosthotizod 

cats produced similar cardiovascular changes. Those changes 

consisted of dose-dependent reductions in systemic and 

pulmonary arterial pressures, left ventricular pressure, 

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

consisted of dose-related increases in right atrial and loft 

ventricular, ond-di stolic pressures, P-R interval and QRS 

complex duration. All the compounds inhibited or abolished 

the pressor effects of intravenous noradrenaline on the 

cardiovascular system. 

ýý 
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SECTION 1 

GENERAL INTRODUCTION 
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MALARIA 

Tho word tmalariat is dorivod from two Italian words "mala" 

and "aria" meaning "bad air". Today however, malaria is 

recognized as a disease caused by infection with protozoan 

M parasites assigned to the genus Plasmodium, and is 

characterized by intermittont fever, anaemia and splenic 

enlargement. 

It has long been established that malaria in man is caused 

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 falci. parum, Plasmodium malariae, and Plasmodium 

ov ale. The first three of these are widely distributed and 

occur most frequently in. tropical and sub-tropical countries, 

whilst the last is more common in cooler regions. Each of 

the four human plasmodial species produces a specific 

malarial disease which is named according to its pathogen 

respectively as: vivax malaria (often referred to as either 

benign tertian, simple intermittent fever, or the tertians), 

falciparum malaria (also known as either malignant tertian, 

aestivo-autumnal, sub-tertian, malignant bilious, tropical 

and pernicious malaria, or congestive remittent fever) 

malariao malaria (sometimes called quartan fever or, quartan 

ague), and ovale malaria (usually described as ovale tertian). 

The infections are labelled ttortian' or 'quartant because 

the fever tends to re-occur every third or fourth day, 
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although some variation in time intorvals may bo obsorvod. 

Tho disease caused by infection with malarial parasite is 

characterized by succossivo chills, periodic fovers and 

convulsions. Other clinical signs include anorexia, 

jaundice, pain and muscular weakness. 

All species of Plasmodium have two hosts, a vertebrate and 

a mosquito. that acts as both vector and definitive host. 

Mosquitoes of the genus Anopheles are the vectors for human 

malaria while mosquitoes of the genera Aedes. Culex and 

Culisota as well as Anopheles are the vectors for the 

plasmodia infecting other vertebrates. In the vertebrate 

host, all species of plasmodia have a predilection for life 

in the erythrocyte in which they metabolize haemoglobin with 

the formation of a pigment, haemozoin or haematin, as 
,a 

by- 

product and the liberation of toxins or malarial 'poison'. 

1.1 Lifo 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 blood containing 

the malarial parasite in the gamotocyto stage. In the 

stomach of the mosquito, the sexual phase of dovelopmont 

called sporoGony occurs. The male and female gametocytes 

form gametes. An ookinete is formed by fertilization and 

this ponotratq,. s the stomach wall. Outside the stomach, an 
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oocyst is formed which produces sporozoitos that are 

released by the rupturi g of the oocyst. The sporozoitos 

travel to the salivary glands of the mosquito, from which 

they may be transferred to an uninfoctod individual host by 

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

Injected sporozoitos disappear rapidly from the blood 

stream of the now host, entering the parenchyma cells of 

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

now begins the asexual phase of development called schizogony. 

In this pre-erythrocytic (primary exoorythrocytic) stage, 

the parasite grows and divides to form a schizont. The 

schizont segments to form many merozoi. tes, which causes the 

rupturing of the cull, and the merozoites enter the blood 

stream. The morozoites invade the red blood cells, 

beginning the erythrocytic stage. Within the red blood cells, 

the morozoites become trophozoitos, and multiplication by 

schizogony occurs. The schizonts that are formed from the 

trophozoites divide into two merozoites and, thus, 

continuously increase the number of morozoites available to 

invade more red blood cells, so that finally, the number of' 

rupturing coils is sufficiently great to initiate the 

clinical symptoms of the disease. This asexual cycle 

continues until chemotherapy is initiated, immunity is 

developed, or death occurs. The continuous invasion and 

subsequent eruption of erythrocytes lead to the development 

of another significant symptom of malaria, anaemia. It is 

the chronic anaemia of the victim that contributes to the 

malaise and tho genoral lassitudo of the poop lo in 
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rnalarioixs countrios (Whito 1971)o , 

At any time, but particularly when normal reproduction of 

the erythrocytes becomes unfavourablo, some of the 

trophozoites from tho erythrocyto stage develop into malo 0 

(micro-) or female (macro-) gametocytes that circulate in 

the blood to become available'for ingestion by another 

mosquito. Thus, the life cycle is completo. Some spocies 

of Plasmodium, notably P. 'vivax (but not P. falciparum), 

are capable of existing in para-erythrocytic (secondary 

oxoorythrocytic) forms that have a variety of patterns 

but always pass through schizont stages. By this develop- 

mont, the parasite may enter into a dormant state in the 

tissues of the host during which time it may appear that 

the infection has boon overcome. However, some time later 

the parasite may return to the blood stream and thus cause 

a rolapso. 

1.2 Chemotherapy of malaria 

Numerous excellent authoritative reviews on various aspects 

of malaria chemotherapy have been published since 1945 

for references, see Elslagor 1969). On the basis of 

chemotherapy, antimalarial drugs may be classified into 

five major different typos depending on which stage of the 

life-cycle of the organism is affected (Figure '1) . 
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1 Sporoo of tocic1os : 

Those are antimalarial drugs that are capable of 

killing the sporozoitos as soon as they are 

introduced into the blood stream by the bito of 

a female anopheles mosquito. Such drugs would 

be most desirable, since they would be truly 

causal prophylactics capable of preventing the 

development of the disease. Unfortunately, very 

few compounds with'such chemotherapeutic properties 

have been found. 

ý2ý Exoerythrocytic Schizontocides: 

These are drugs eapablo, of killing the parasites 
in their schizont stage, in either the primary or 
the secondary exoerythrocytic form. Suche 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 are dormant in the 

host. A favourablo effect on relapse rate 

results. Only a few drugs have been found that 

possess such activity to a significant degree. 

ý3) E throcvtic 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 

the blood forms of the organism at a level below 

that necessary to precipitate tho 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. 
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ý4) Gamotocidos: 

These are drugs that are capable of killing the 

parasites in their gamotocyto stage. Such drugs 

help to prevent the spread of the disease, since 

the vector mosquitoes do not become infected. 

A few antimalarial drugs possess such activity. 

(5) Sporontocidos: 

These are drugs that are capable of preventing 

sporogony in the vector mosquito by their effect 

on the gametocytes in the blood of the vertebrate 

host. All sporontocidal drugs show activity as 

exo-erythrocytic schizontocidos 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 antimalarial 

compound has yet boon found. 

In the evaluation and use of antimalarial'drugs, certain 

concepts and definitions are useful. For-oxample, drug 

action on schizonts, erythrocytic or exo-erythrocytic phase 

is referred to as SCHIZONTICIDAL; on Gametocytos as 

GAAIETOCIDAL; and on sporozoites as SPORONTOCIDAL. 

CLINICAL CURE implies that acute symptoms and signs of the 

disease have been relieved so that the patient appears to 

have recovered, RADICAL CURE, whether occurr±p g naturally 

or after medication, implies clinical curo plus elimination 

of plasmodia from the blood and tissues so that relapses 

are not possible; SUPPRESSION implies the prevention of 

" ß. 
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clinical symptoms by action on the plasmodia and it may be 

TEMPORARY, io. present "only while the drug is effective in 

the plasma, or PERMANENT, in which case no attack supervones 

after suppressive medication has boon stopped; SUPPRESSIVE 

CURE is a radical cure brought about while the patient is 

receiving suppressive rather than therapeutic medication; 

DRUG PROPHYLAXIS is the use of chemotherapeutic agents(s) 

to protect individuals from the attacks and manifestations 

of the disease; such protection may be in the form of 

INDIVIDUAL DRUG PROPHYLAXIS, or communal, io. COLLECTIVE 

DRUG PROPHYLAXIS. When a drug acts on sporozoitos or on 

pro-erythrocytic plasmodia to prevent further development 

in the body, the result is TRUE CAUSAL PROPHYLAXIS. The 

term PRESUMPTIVE TREATMENT has boon used to describe the 

administration of an antimalarial agent in a single dose to 

presumptive cases of malaria before the result of blood 

smear examination becomes available. Presumptive treat- 

ment is an important procedure in the surveillance period 

of a malaria eradication programme. 

The drugs most effective in bringing an acute attack of 

malaria to a speedy end, by acting on the asexual plasmodia, 

are quinine, mepacrine and the 4-aminoquinolines - chloro- 

quine and amodiaquine. On the other hand,, the drugs most 

useful in effecting a radical cure of vivax infections, 

once the primary attack has boon halted, are the 8-amino- 

quinolines - pamaquine and primaquine. Lastly, the drugs 

most useful for chemoprophylaxis are: chloroquino, amodia- 
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quine, pro uanil and pyrimotliamino. 

[3 

0 

1.3 Dovelopmont'of active 9ynthotic antimalarial compounds 

The most important classes of synthetic antimalarial drugs 

known today are: 

(1) Cinchona alkaloids 

(2) 4-Aminoquinolines 

(3) 8-Aminoquinolines 

(4) 9-Aminoacridines 

(5) Diguanidos 

(6) Pyrimidines 
I 

(7) Sulphones and Sulphonamides 

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

important and will be discussed. 

Cinchona alkaloids 

The crude drug (cinchona bark) contains numerous alkaloids, 

of which quinine, quinidine, cinchonine and cinchonidine are 

the most abundant and important. Although each member of 

this quartet has some therapeutic effect on malaria, quinine 

has boon the most useful. 

_Quinine 
Chemically, quinine isolated by Pelletior and Cäventou in 

1820 (Duran-Roynals 1946) is a quinoline compound of complex 

molocular structure (Figuro 2) and first synthotisized by 

Woodwar. d 
, aid Doering in 1944. 

Ia 
Quinine is a tonoral proto- 
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STRUCTURAL FORMULAE OF THE ANTI tiMALARIAL COMPOUNDS STUDIED 
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plasmic poison. By virtuo of its toxicity to coils, it is 

a local irritant. Intramuscular injections of the drug, 

for example, may cause pain and sloughing whilst caroloss 

intravenous injections may thrombose veins. In high con- 

centrations (not attained in clinical treatment) quinine 

haomolyzes red blood cells. After oral administration, 

quinine is absorbed in the small intestine and becomes con- 

centrated. in plasma and cellular elements of blood. It has 

been suggested that the reticulo-endotholial cells remove 

approximately two-thirds or more of quinine in the blood 

and take it 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. 

Toxicity 

The chief toxic manifestations of quinine are grouped to- 

Bether 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. Sometimes, 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 duo to ovordosage, they 

may result in permanent injury to the retinal and auditory 
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ganglion cells, or to the optic nerve. Therapy should how- 

ever be terminated when''the signs and symptoms of "cinchonism" 

appear during the course of normal malaria treatment with 

quinine. 

Chloroguine and other. 4-aminoquinol3_nes 

The synthesis of 4-aminoquinolines for antimalarial studies 

was first undertaken by Russian and German workers just prior 

to World War II. The general direction that research had 

been taking may be seen by the German report in 1942 

(Schönhöfer 1942) that 4-, 6- and 8-aminoquinolinos gave 

antimalarials when properly subsitituted. The first 4- 

aminoquinoline synthesized in Germany in 1937 (Coatnoy 1963) 

was named 'Resochin'. This compound is officially known 

now in the United Kingdom, United States and many other 

parts of the world as chioroquine. (Other names by which 

chioroquine is known are: 'Aralen', tAvloclor', Nivaquine Bt 

and tTanakan'). Strangely "Resochin" was discarded at first 

as being too toxic and Sontochin 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 it was being tested in the German Army 

when samples were obtained in North Africa by the Allies in 

1943. Sontochin (also known as: t Santochint, tsontoquinel , 

Wivaquine At, 'Nivaquine C') and a series of other 4-amino- 

quinolines were then synthesized in the United States and 

tested in clinical studies. Of all the 4-aminoquinolinos, 

however, chi oroquine and amodiaquine (ICam-agit, 'Camoquint, 
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tPlavoquinot, or 'Miaquinot) woro found to bo the best for 

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

Toxicity 

Chloroquine and amodiaquine can be administered orally or 

parenterally. The compounds are rapidly and almost completely 

absorbed from the Castro-intestinal tract and are localized 

in. -various tissues from which they are slowly metabolized 

and excreted. 

Chloroquine and amodiaquine have a lower therapeutic index and 

higher safety margin than quinine. Although the toxicity 

of L+-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, diarrhoea, headache, dizziness, pruritus 

and urticaria, convulsion and blurring of vision. Usually, 

such symptoms are completely reversible on reduction of the 

dose 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 eyes, and opthalmological examinations 

should be carefully carried out. More serious toxicity has 

been reported after prolonged dosing in the treatment of 

skin diseases. For oxample, a fatal agranulocytpsis was 

reported after 0.2 a of amodiaquine administered daily for 

eight weeks. Severe leucopenia and thrombocytoponia have 

also occurred after long courses of chloroquine in the treat- 
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wont of skin diseases (Russel, West, Manwoll and Macdonald 

1963). Rare cases of bluish-Croy to black pigmontation 

have boon reported in individuals who have taken amodiaquino 

prophylactically for a prolonged period of time. For 

instance, in certain cases where three tablets of 'camoquin' 

(containing 0.2 g amodiaquine base per tablet) had' been 

talcen weekly for a year (Russel et al, 1963). The dis- 

coloration was noticed especially in the nail bods 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. 

Primagüine and other 8-aminoquinolines 

Shortage of quinine in Germany during the First World War 

directed attention to the need for synthetic antimalarials. 

Starting with Guttman and Ehrliches observation that methylene 

blue has some inhibitory effect 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 

(Wisologlo 1946; Loeb, Clark, Coatney, Coggeshall, Dieuaide, 

Dochez, Hakansson, Marshall, Marvel, McCoy, SapQro, S©brell, 

Shannon and Carden 194G) was the first of the synthetic 8- 

aminoquinolines, and it is variously called 'Aminoquint, 

" 'Doprochin', 'Gamefart, 'Plasmochint, 1Plasmoquinef, 
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'Plasmocide', and tPraequinet. This drug is being 

superseded by primaquixie (Wiselogle 19i6; Edgcomb, 

, Arnold, Yount, Alving and Eichelberger 1950) synthesized 

in tho United States in 1945, which has a similar action 

to pamaquine but a lower toxicity. 

Toxicity 

It has become increasingly clear that there is only a 

narrow margin of safety between therapeutically effective 

and seriously toxic doses of pamaquine, primaquine and other 

8-aminoquinolines. Consequently, most observers have ceased 

to use these compounds routinely in the treatment and 

prophylaxis of malaria (Russel at 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 more common; haemolytic anaemia (particularly in dark- 

skinned people), loucopenia and mothemoglobinomia are the 

usual findings. 

Symptoms of pamaquine toxicity frequently seen after minimal 

therapeutically effective dosages include: abdominal pain, 

nausea, vomiting, headache, 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 
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side effects of pamaquino. 

The tendency for haemolytic reaction following primaquino 

administration has boon shown by Alving, Kellormoyer, 

Tarlov, Schrior, and Carson (1958) to be linked with a 

defect of glucose-6-phosphate-dehydrogenaso enzyme in the 

erythrocytes of susceptible persons. It is an hereditary 

characteristic most commonly found in dark-skinned 
people 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 are therefore 

much loss 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 haemolysis is usually not 

of clinical significance if the daily adult dose of 15 mg. 

base is not exceeded. Some observers recommend that prima- 

quine should not be given to infants under six months of 

age (Russ, el ems, 1963). 

Proguanil and other bigiianides 

The development of the biguanidos as antimalarictls began in 

the mid 1940's as a result of a research programme of some 

British scientists (Curd, Davey and Rose 1945 who had 

observed the activity of some sulphonamide drugs, particularly 
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sulphadiazine, against malaria infections. It was then 

thought that the incorporation of certain dialkylaminoalkyl 

chains onto tho pyrimidino ring might load to significant 

antimalarial compounds. Although some of their pyrimidino 

derivatives were active, their studies lead them to some 

open models including certain bigu. anidos. 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, King, Townshead, 

Davey and Havard in 1945. Almost at the same time, this 

team of workers synthesized chiorproguanil in England. 

However, the dichloro-compound, chiorproguanil, is more toxic 

than proguanil itself, and for this. reason is less frequently 

used in clinical practico. Proguanil is the British 

Pharmacopoeia name for-the biguanide known officially in the 

United States as chlorguanido. Other names for proguanil 

are: 'Digumalt, 'Chloriguanet, 'Diguanylt, 'Guanatolt, 

'Paludrino', 'Palusilt, and tTirian'. 

It has been established that the active forms of biguanides 

are their metabolic products (Crowther and Levi 1953)" For 

proGuanil, this is 49 6-diamino-1-p-chlorophonyl-1y 2-dihydro- 

2,2--dimethyl-lo-3t-5-triazine (sometimes called 'cyclo- 

gruanilt). Because these metabolic products are eliminated 

so rapidly, thoy are not useful perms in the treatment of 

human malarias although they are about ten times as active 

as their precursors. However, a repository preparation of 

the metabolite of proguanil (cycloguanil pamoate) has 

" ý., 
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becomo availablo and has achioved spoctacular succoss as 

an antimalarial agent with a prolonged duration of activity. 

The biguanides are usually administered orally. They are 

absorbed from the gastro-intestinal tract very quickly, 

but not as rapidly as quinine or chloroquine. They are 

concentrated in the liver, lungs, spleen and the kidney 

but appear not to cross the blood-brain barrier. They are 

metabolized and eliminated very rapidly, principally in the 

urine. As a result, frequent administration of these drugs 

is nocessary. 

Toxicity 

The toxic manifestations of biguanides are very mild in 

man. Some gastro-intostinal disturbances may occur if the 

drugs are takers on an empty stomach but not if they are 

taken after meals. With excessive doses (1 g. of proguanil) 

some renal disorders such as haomaturia and albuminuria may 

develop. 

Pyrimethamine and pyrimidines 

Following. the observations made in the 1940's that some 

2, ! +-diaminopyrimidines are capable of interfering with the 

utilization of folic acid by Lactobacillus Gasei, a property 

also shown by proguanil, these compounds received intensive 

study as potential antimalarials. It was noted that certain 

2,4-diamino-5-phonoxypyrimidines possessed a structural 

resemblance to proguanil, and a series of such compounds 
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was synthesized and found to possess good antimalarial 

action. Subsequently, a large series of the compounds was 

prepared and tested for activity. The best in the series 

of compounds was the one that became known as pyrimethamino 

Falco, Goodwin, Hitchings, Rollo and Russell, 1951). 

Pyrimethamine, also known as 'Daraprim' or 'Malocide', is 

the most powerful malaria suppressive agent known. Except 

for the metabolic products of the biguanides, pyrimethamine 

is also the most active antimalarial drug developed for 

clinical use (Russel at al, 1963). The drug is always 

administered orally in the form of the free base, a relatively 

tasteless powder. It is slowly but completely absorbed 

from the gastro-intestinal tract. It is localized in the 

liver, lungs, kidneys and the spleen, and excreted through 

the urine, chiefly in matabolized form. 

Toxicity 

The toxicity of pyrimethamine is very low and when administered 

in suitable doses, it rarely gives trouble. Howover, over- 

dosage may lead to depression of cell growth by inhibition 

of folic acid activity. Several fatalities have boon 

reported in children who ate pyrimethamine tablets as a 

sweet. The early signs and symptoms in these children 

included convulsions, fever, and sweating (]Russel at al, 1963). 
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1 .4 Aims of the study reported in this thesis 

rg 

In recent years, the toxic and unwanted side-offocts of 

antimalarial drugs have become more prominent and widespread. 

Those have included gastro-intostinal cramps, skeletal 

muscle weakness, and cardiovascular impairment - for dotails, 

see Toxicity under each compound in the present section, and 

Introduction to each of the sections 2,3, and 4 

Unfortunately however, the pharmacological mechanisms by 

which the compounds produce those effects are ill-understood. 

Since millions of people living in malarious countries still 

depend mainly on antimalarial drugs for the management, 

prevention and treatment of malaria disease, it becomes 

necossary to investigate fully the pharmacological actions 

of the compounds on various tissues and organ-systems. It 

was also thought that such studies would probably provide 

rational explanations for some of the aforementioned well- 

known toxic and side-effects of the compounds. Furthermore, 

since there has apparently been no previous comparative 

study of the pharmacological actions of these drugs, it was 

thought to be of interest to examine the effects of those 

agents in a parallel manner on some tissues and organ- 

systems of experimental animals. In order to fulfil these 

objectives therefore, the pharmacological effects of chloro- 

quino, primaquine, quinino, proguanil and pyrimethamine were 

studied on smooth, skelotal and cardiac muscles and also on 

the cardiovascular system of some laboratory animals. 

" tr 
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SECTION 2 

SMOOTH MUSCLE PHARMACOLOGY OF THE ANTIMALARIAL DRUGS 
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INTRODUCTION 

4 

2.1 Effects of antimalarial clru on intestinal smooth 

musclo 

There are several reports in the literature describing non- 

specific and spasmolytic effects of antimalarial drugs in 

intestinal smooth muscle. Keogh and Shaw (1943,1944) 

found that quinine relaxed the rat intestine and reduced 

responses of the muscle to acotylcholino, barium, adrenaline 

and potassium. Proguanil depressed the rabbit small 

intestine and reduced responses of the guinea-pig ileum to 

histamine (Chen and Anderson 1947; Vane,, 1949) and acety- 

choline (Vane 19119). In anaesthetized cats, proguanil 

lowered the tone of intestinal muscle and diminished the 

response to vagal stimulation (Vane 1949). Chloroquine 

reduced contractions produced by acetylcholino, 5-hydroxy- 

tryptamine or histamine in the guinea-pig ileum (Altarwal 

and Doshmankor 1963; Doshpando, Sharma and Dashputra 1963; 

Olatunde 1970). The pA2 values of chloroquino acainst 

histamine, acetylcholine and 5-hydroxytryptamine wore 

determined on the guinea-pig isolated ileum by Olatunde 

(1970) who concluded that this drug exerts a direct 

spasmolytic action on smooth muscle rather than a specific 

receptor antagonism. The quinolyl piporazine antimalarial 

agent, WR 4809, was found to produce a parallel shift to 

the right of dose/response curves to bethanochol, histamine, 

potassium chloride and 5-hydroxytryptamine in the guinea- 

pig ileum (Durks 1972). Using Finkleman's preparation, 
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Achari, ßanorji and Kapoor (1972) found that low con- 

contrations of quinine and quinidino (2.5 - 5.0 VC/ml) 

blocked the offects of sympathetic stimulation but not the 

noradrenaline responso. Apart from quinine, this blockade 

was not reversible. These workers further observed that 

quinine potentiated the inhibitory response to noradronaline, 

and the preparation always became more sensitive to nor- 

adrenaline after washing out quinidino from the tissue. 

2.2 Effects of antimalarial compounds on uterine smooth 

muscle 

Since the earliest days of its use as an antimalarial agent, it 

has been repeatedly emphasized that care should be exercised 

when administering quinine to pregnant women. Hanson-Bahr 

(1954) stated that although large doses of quinine might 

sometimes cause miscarriage, pregnancy should not debar 

the use of the drug. Ile further observed that prophylactic 

doses of quinine did not interfere with menstruation, 

conception or pregnancy. It was similarly observed that 

mepacrine (quinacrine) and plasmoquine were better tolerated 

by pregnant women. Several clinical reports are now available 

which support the safe use of chloroquino in pregnancy. 

The most striking ones include the reports of Goldsmith 

(1946); Merwin and Winkelmann (1962); Dziubinski, Winkelmann 

and Wilson (1962); Stone. Jr* (1962), and IClumpp"(1965)" All 

these investigators found that chloroquine had no harmful 

effect in pregnancy on either the mother or the foetus. 
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Morwin and winkelmann (1962) further claimed that chioro- 

quino provonted miscarriae; os and/or threatening abortions, 

facilitated the formation and production of viable infants 

and aided normal delivery in women. Thera have boon isolated 

v reports and speculations, however, that some antimalarial 

compounds might constitute a potential danger to pregnant 

women. Foremost among such reports is the editorial comment 

of JAMA a few years ago on The Placental Barrier and Drugst 

JAMA 19641 1.2-0,392) which made reference to a paper by 

Hart and Naunton (1964) reporting on the effects of chloro- 

quine phosphate given to a woman during four of her seven 

pregnancies. The editorial concluded that "chloroquine is 

yet another drug that has boon found to pass the placental 

barrier with resultant damage to the foetus". Goodman and 

Gilman (1975) have also stated that "quinine and related 

alkaloids possess oxytocic activity and might induce 

abortion". Experiments in laboratory animals have suggested 

a biphasic action for most of the antimalarial drugs on the 

uterus and again call into question their safety in 

pregnancy. The stimulant action of quinine on the uterus 

was demonstrated by. Kurdinowski and Kohrer as early as 1906 

and this was quoted by Sollmann (1948). Gunn and Russell 

(1946) showed that human uterine strips in vitro were either 

unaffected, or inhibited, by quinine which also antagonized 

the augmentary effect of adrenaline on utorin© contractions. 

Sollmann. (1948) described the action of quinine on the 

uterus, both excised and in ß, as stimulant in moderate 

" rý 
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dosos and doprossant in largo dosos. Chon and Andorson 

(1947) fotu-id that progu: mil inhibited the isolated uterus 

of rabbit and stimulated guinea-pig uterus. Joseph and 

Jindal (1957) observed that relatively low doses of quinine, 

chloroquino and amodiaquine stimulated uterine strips of 

rats and guinea-pigs whilst large doses of the compounds 

relaxed uterine muscle. These workers further observed 

that in fairly high doses, quinine, proguanil and chl. oro- 

quin© antagonized oxytocin. Gracia, Miyares, Reyes-Diaz, 

and Sainz (1968) reported that chloroquino inhibited the 

contractions of the rat isolated uterus evoked by acetyl- 

choline, 5-hydroxytryptamine, angiotensin, vasoprossin, 

oxytocin and barium chloride, Abdel-Aziz, Karrar, and 

Idris (1971) studied the effects of the antimalarial com- 

pounds quinine, chloroquine, chloroguanil and mopacrine on 

the rat isolated spontaneously contracting uterus under 

ovarian hormones treatment and during pregnancy. They, 

reported that in animals pretreated with oestrogen, the 

action of quinine on isolated uteri was inconsistent; 

chloroquine increased the tone and frequency of uterine 

contractions, while chloroguanil and mepacrino wore pro- 

dominantly inhibitory. Progesterone treatment' decreased the 

sensitivity of the rat uterus to the oxytocic action of 

chloroquine and to the inhibitory action of chloroguanil, 

but changed the inhibitory effect of mopacrirne into a 

stimulant action. All four antimalarial agents inhibited 

uterine strips taken from animals in early and late 

pregnancy, and the inhibitory action of quinine was 

"a 
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associated with an increase in froquoncy of contractions 

(Abdol-Aziz ot l). Moro recently, Kurantsin-Mills and 

Chinyanga (19711. ) 6. iso showed that low concentrations of 

chloroquino sulphate (36.7 
- 146.8 nM) exhibited oxytocic 

properties on the oestrogen-primed guinea-pig isolated 

uterus, while higher doses of the drug depressed the 

contractile tension and frequency of contractions of the 

isolated uterus. They further observed, as did Garcia et 

_, (1968), that the stimulant effect of oxytocin on this 

tissuo was inhibited by high concentrations of chloroquine 

sulphato. 

2.3 Effects of antimalarials on trachoo-bronchial smooth 

muscle 

The use of certain antimalarial compounds in the clinical 

management of bronchial asthma is now becoming more wide- 

spread. Of the various classes of antimalarial agents, the 

aminoquinolines appear to be the most useful therapeutically. 

The first aminoquinoline used for the treatment of bronchial 

asthma was quinetholate (phthalamaquin or aureoquin). 

Geschikter (1953,1954,1955) reported that this compound: 

(1) relaxod the isolated guinea-pig tracheal chain and 

antagonized bronchospasm induced by histamine and acotyl- 

choline, and (2) relieved bronchial asthma in patients in 

an oral dose of 50 mg. Blanc (1962) confirmed the favourable 

effects of quinetliolate in seven out of 15 patients. In a 

double-blind study, Young, Murray, Carr and Harden (1965) 

recorded that quinotholato produced a delayed improvement 
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in ventilatory function in somo, but not all, patients. 

The use of chloroquino i. n asthmatic patients was first 

reported by Engosot (1957)" A daily doso of 100 - 250 m 

administered orally for two weeks caused an amelioration of 

the respiratory difficulties in 75% of 32 patients. Sylvio 

do Camargo (1958), apparently unaware of Engesot's report., 

described his experiences with 20 patients whose condition 

improved under chloroquine treatment. Favourable results 

have also been reported by Krammer (1960), Stern, Zucker, 

Shorman, and Florio (1960), Juul-M$ller (1961), Do Aguilar 

(1961,1962), Denda and IIosse (1962), Kimura, Moritani, 

Tsuchida and Matsuura (1962), Jyo, Katsuya, Shikauchi and 

Takahashi (1963), Tannenbaum and Smith (1966). 

Several workers have investigated the effects of various 

antimalarial drugs on isolated tracheal chains and on 

bronchospasm induced by histamine in laboratory animals. 

In guinea-pigs, Vane 1949) showed that intravenous injections 

of proguanil (i 
- 20 mg/kg) had in themselves no effect but 

enhanced broncho-constriction caused by histamine. Vane 

1949) also found that, in anaesthotized rabbits, proguanil 

(8 
-- 20 mg/kg) reduced respiration. In anaesthetized or 

pithed cats Chen and Anderson 1947) found that proguanil 

increased the respiratory rate but diminished the depth of 

respiration. Aviado, Inoh and Cho (1968) showed that 

chloroguanide increased pulmonary resistance in anaesthotizod 

dogs. In 1958, Donda and Miravot reported the anti-histamine 

action of chloroquine and mopacrine on guinea-pik lungs. 
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Doshpando, Sharma and Dashputra (1963) studiod tho action 

of thron structurally difforont antimalarials, namoly 

quinine, mepacrino and chioroquine, on various smooth muscle 

0 

preparations. These workers found that all the antimalarial 

drugs studied effectively inhibited the broncho-constrictor 

action of histamine on guinea-pig isolated tracheal chain 

preparation. Altarwal and Doshmankar (1963) found that 

chloroquine blocked the anaphylactic contraction of sensitized 

guinea-pig tracheal chain induced by addition of the antigen. 

Since allergic reactions are mediated partly through 

histamine release from tissues, Agarwal, Deshmankar and 

Bhargava (1963) studied the tissue levels of histamine 

after chronic administration of chloroquino in rats and 

found that treatment of male rats with chloroquine (5 mg/kg) 

administered daily for three weeks resulted in a 50% 

reduction of the histamine content of the lung. They con- 

cluded that the histamine-depleting action of chloroquine 

in the lungs might possibly account for its value in 

bronchial asthma. However, chloroquine has been shown to 

release histamine in the rat, although not in humans, cat 

or rabbit (Lecomto 1955)" Furthermore, Cohn (1965) has 

reported that chloroquine inhibited the methylation of 

histamine in the male rat. In rabbits, Aviado, Sadavongvivad 

and Cambar (1970) showed that chloroquino had no important 

effect on the histamine content of the lung. 

In 1969, Aviado and Rollot showed that chloroquino (0.5 mg/kg) 

caused a riso in airways resistance in anaesthotizod dogs. 

P9 
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Administration of 1 or 2 mg/kg of tho drug produced a 

variable response in airways resistance. No important 

changes in pulmonäry compliance was observed and this was 

interpreted to moan that the elasticity of the lung was not 

influenced by the drug. The workers therefore concludod by 

ascribing a lack of bronchodilator effect to chloroquine. 

In rabbits, Aviado, Sadavongvivad and Cambar (1970) found 

that chloroquine did not influence the anaphylactic response 

to egg albumin and did not alter the content of histamine, 

serotonin and catocholamines in the lungs. Although 

intravenous injections of chloroquine reduced the broncho- 

constrictor effect of histamine, this antagonism would 

appear to be unlike that of standard anti-histaminic agents 

which are ineffective against bronchial asthma (Aviado. et 

-11,1970). Quinotholate, like chloroquine, antagonized the 

effect of histamine on the lung in rabbits. Ayitoy-Smith 

and ßoye (1974) 
studied the effect of chloroquine on 

histamine-induced bronchial asthma in guinea-pigs in vivo 

and found that chloroquine, in the dose of 20 mg/kg intra- 

poritoneally, markedly protected animals against fatal 

asphyxia caused by the broncho-constrictor affect of 

histamine. The results obtained convinced the workers that 

chloroquine conferred some protection against histamine- 

induced broncho-constriction, and the observation. that 

chloroquino afforded protection against the histamine 

reaction several days after discontinuing the drug suggested 

that chloroquine not only accumulated in the kings (Berliner, 

Earle, Taggart, Zubrod, Welch, Conan, Bauman,. Scudder and 
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Shannon 1948; Grundmann, Vrublovsky and Nikulikovu 1970) s 

but also that it might 'be retained in sufficiont quantity 

to afford a long-lasting protection. 

2.4 Effects of antimalarial agents on vascular smooth 

muscl0 

The literature on the effects of antimalarial drugs on the 

activity of the vascular smooth muscles is relatively meagre. 

Molitor (1941) showed that quinine, mepacrine and pamaquino 

produced vasodilatation. Proguanil was found to induce vaso- 

dilatation in the perfused hind-leg of dog and cat by Vane 

(1949) and this vasodilatation was partially blocked by anti- 

histaminic agents. Burn and Dutta (1948) showed that 

quinidino reversed the constrictor action of adrenaline on 

the rabbit ear artery and the compound has been shown to 

reduce prossorr responses to adrenaline (Nelson 1928; Hiatt 

1950; Lu 1951), perhaps by blockade of alpha-(a-) adrenergic 

receptors Conn and Luchi (1964). Schmid, Nelson, Mark, 

IIeistad and Abboud (1974) found that quinidiiie caused 

vasodilatation and markedly reduced constrictor responses 

to intravenous noradrenalino. The authors interpreted 

their results as indicating that quinidine interfered 

solectively with verso-constrictor stimuli which activate 

alpha-(a-) adronorgic receptors and suggested that this 

mechanism, as well as a direct vasodilator effect, might 

contribute to the hypotension produced by the drug. 

ag 
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2.5 Aims of this study 

oI 

The studies reported in this Section were carried out in 

order to examine the following: 

(1) To systematically study the effects of anti- 

malarial drugs (representatives of the major 

classes of those agents) on a range of smooth 

muscles. The tissues used included some of 

those that have not been previously. reported in 

the literature, eg. the portal vein, vas deforens, 

and chick oesophagus. 

(2) To elucidate the mechanism of the already well- 

documented effects of the antimalarial agents on 

smooth muscles, for example, their non-specific 

spasmolytic effect on guinea-pig ileum, inhibition 

and/or stimulation of the isolated uterine strips, 

and induction of gastro-intestinal tract cramps; 

(3) To examine the hypothesis 

(a) that the action of antimalariäls on. the 

uterus involves prostaglandins, and, 

(b) that the spasmolytic effects of the drugs 

on the guinea-pig isolated ileum is linked 

with membrane stabilization; 

(4ý To examine if some of the side-effects of the 

compounds (for examples gastro-intestinal 
disturbances) or some of the unusual therapeutic 

applications of the drugs (eg. management and/or 

treatment of asthma) could be explained by an 

action on smooth muscle. 

P 
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METHODS 

, ti All the tissue preparations were sot up in 10 ml organ 

baths and tho bathing solution was continuously aerated 

with 5% carbon-dioxido in oxygen. Unless otherwise stated, 

the tissues were suspended in Krebs-Hensoloit solution of 

the following composition: NaCl 118 mM, NaIHCO3 25 mM, 

CaC12 2.52 mM, KC1 4.7 mM, MCC12 1.2 mM, NaH2PO 1.28 mM 

and glucose 5.55 mM. The solution was maintained at 

temperatures ranging from 32° to 37°C, depönding on the 

tissue. The preparations were allowed to equilibrate for 

a period of 30 - 60 minutes under an applied tension of 

0.5 - 1.0 g before they were exposed to drugs. A drug 

contact time of 30 - 60 seconds was allowed followed by 

2-3 washes. Isometric contractions were recorded using 

a Devices force-displacement transducer typ© UF1)9 pro- 

amplifier (model M2P) and a two-channel pen recorder 
(model M2R). IsotoniccontractLons were recorded on moving 

kymograph smoked paper with a frontal writing lever which 

produced an 8- 12 fold magnification. 

2.6 Statistical treatment of results 

For all the studies reported in this thesis, statistical 

significance of the difference between the means of control 

and drug-treated preparations was determined using the 

"student t test". Statistically significant differences 

wore assumed to be present if the calculated value for "t" 

was less than the tabulated value for "t" at 0.05 lovel of]?. 
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All results worn expressed as tho moan + standard 6rror 

(of the moan). om 

isolated ileum 2.7 Guinea-pig 

Male and female guinea-pigs of the Dunkin IIartloy strain 

weighing between 350 and 700 g were used. The animals 

wore killed by a blow'on the back of the head and bled out. 

The ileum was removed and segments of 3- 24, cm long were cut 

from the distal end having discarded approximately 10 - 12 cm 

of the portion nearest to the ileocaecal junction. Each 

piece of the tissue was suspended in Krebs-Hienseleit solution 

maintained at a temperature of 37°C. A tension of 0.5 C was 

applied to the tissue and isotonic contractions wore 

recorded on smoked kymograph paper. 

2.8 Guinea_ i isolated longitudinal muscle strips 
Paton and Aboo Tar 196 

A length of the small intestine was removed after discarding 

approximately 10 - 12 cm of the part nearest to the ileo- 

caecal junction. The lumen of the ileum was flushed with 

25 ml of Krebs-Hensoleit solution and a pieco of tho ileums 

approximately 20 - 30 cm long, was stretched on glass 

pipette of 7 mm diameter firmly. clamped on a tablo. Tho 

mesentery was cut away. To obtain longitudinal muscle strips, 

a piece of cotton wool, wet with Krebs-Henseloit solution, 

was used to stroke the muscle tangentially away from tho 

mesenteric attachment at one and of the tissue. The 

I' 
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longitudinal muscle layer was separated at this point and 

pulled up slightly front'the underlying circular muscle. 

The longitudinal musclo was than tied with a thread and by 

gentle upward retraction, was stripped off from the whole 

muscle length. The strip wasýlcept moist throughout this 

procedure. On examination, the strip was found to contain 

the Auerbach's plexus in a variable length of its proximal 

and and to be plexus-freo in most of its distal region. A 

completely plexus-free strip was selocted and cut off from 

the plexus-retaining portion with fino scissors. 

The innervated and denorvated strips were cut into small 

pieces of approximately 3-4 cm in length and were set up 

separately in Krebs-Iienseleit solution and maintained at a 

temperature of 37°C. A tension of 0.5 g was applied to the 

tissue and isotonic contractions were recorded on smoked 

kymograph paper. 

2.9 Rabbit isolated duodenum (Finkleman 11 

Rabbits of either sex weighing between 1.5 and 4.0 kg were 

used. The animals were killed by a blow on the back of the 

hoad. The duodenum was then removed and segments of 

approximately 3- It cm long wore suspondod in Krobs- 

Henseloit solution the temperature of which was maintained 

at 37°C. A tension of 2-3; was applied to the tissue. 

Tho poriartorial norvos in tho mosontory worn stimulated 

with rectangular pulses of 0.3 - 1.0 m soc duration at a 
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frequency of 30 - 50 IIz and a supramaximal voltage (40 
- 

60 volts) delivered by an SRI stimulator through platinum 

ring electrodes. 'The stimulation usually lasted for 20 

seconds and was repeated every 5- 10 minutes. Drugs were 

sequentially added between electrical stimulations. The 

pendular movements of the tissue were recorded either 

isometrically or isotopically. No qualitative differences 

were observed between the results obtained with the two 

types of recording; and therefore, no distinction has boon 

made between them in describing the results. 

2.10 Chick isolated oesophagus (Bowman and Everett 1964__ 

Chicks (aged between 3 and 15 days after hatching) were 

starved overnight and killed by ether inhalation. The upper 

oesophagus as far as the crop was removed together with as 

much as possible of the right parasympathetic nerv© trunk 

which runs along the course of the jugular vein. The 

preparation (approximately 3-4 cm in length) was suspended 

in Krebs-Honseleit solution maintained at a temperature of 

32°C. A tension of 1-2g was applied to the tissue. The 

muscle was indirectly stimulated through the nerve trunk 

by moans of bipolar platinum ring electrodes. Maximal con- 

tractions were produced with trains of stimuli of 0.5 - 1.0 

m soc duration at 10 - 30 Nz and supramaximal voltages 

(GO 
- 100 volts) delivered from an SRI square Wave stimulator. 

The stimulation lasted for 10 - 20 seconds and was repeated, 

where nocessary, at intervals of 5- 10 minutes. In some 

preparations drugs were added non-cumulativoly in between 
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oloctrical stimulations. Contractions of the tissuo woro 

recorded isotonically ön smoked kymograph paper. 

2.11 Guinea-pig, isolated tracheal chain (Al: casu 1959; 

Poster 1960)_ 
v 

Adult guinea-pigs of either sex weighing between 400 and 

800 g were killed by a blow on the back of the head and. 

bled out. The whole trachea was removed and cut into 

6-8 approximately equal rings. Each ring was cut open 

through the cartilage and three or four of the open rings 

were tied together to form a chain. The preparation was 

set up in Krebs-lIonseleit solution at a temperature of 37°C. 

A tension of 0.5 - 1.0 g was applied to the tissue. The 

preparation was contracted with standard agonists and 

relaxed with cumulative additions of relaxant drugs under 

study' when tho"offect of the agonists had reached a 

plateau. After maximal relaxation, the preparation was 

washed two or three times and left to recover for 15 - 20 

minutes. The contractions and relaxations wore recorded 

isometrically. 

2.12 Guinea-pi and rat isolated uteri (do Jalon, Dayo 

and do Jalon 1945) 

Young female guinea-pig weighing between 200 and 300 a and 

female albino rats (120 - 200 g) were used. The animals 

wore divided into two categories as follows: 

a 
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(i Oostro on-troatocl gui. noa-pigs rund rats 

All animals in this group wore injected with stilboostorol 

(o. 1 mg/kr body weight) sub-cutanoously 20 - 24 hours 

before use. Vaginal smears were taken immediately before 

v sacrifice in order to ascertain that the animals were in 

oestrus. 

(2) Pregnant guinea-pigs and rats 

Mated guinea-pig3 and rats were examined daily for the 

presence of a cervical plug. The day on which cervical 

plug was first found was taken as 'day one' of pregnancy. 

Early pregnancy was regarded as days one to eight, and late 

prognancy was taken to bo from day 16 to day 20. 

The animals were killed by a blow on the back of the head 

and bled out. The entire uterus was carefully removed and 
the two horns were trimmed. Segments of approximately 

equal lengths (about 2-3 cm) were removed from the horns 

by cutting off one or both ends. The preparations wore 

suspended in do Jalon's solution of composition (g/l): 

NaC1 9.0, ICl 0.4, NaIICO3 0.51 CaCl 
2 

0.07 and glucoso 0.5. 

The bath solution was maintained at a temporaturo of 320C 

and the tissues worn subjected to an applied tension of 

0.5 - 1.0 G. Drugs were added either cumulatively or 

sequentially. An interval of 3- 10 minutes (sometimes up 

to 20 minutes) was allowed between successive single doses. 

Contractions wore recorded both isometrically and isotonically 
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by tho methods previously described. 

., 

2.13 Guinea-pig and rat isolated vasn deforontin 

(Ilulcovi c1 61 

Adult male Guinea--pies 400 - 800 g) and male Wistar rats 

(300 - 600 g) were killed by a blow on the back of the 

head and bled out. The vasa doforentia were removed free 

from mesentery and connective tissue. In most of the guinea- 

pigs (42) and the rats (45)l vasa deferentia with hypogastric 

nerves attached were isolated for nerve stimulation as 

described by lIulcovic (1961). 

The tissues (12 +3 mm long and 117 + 10 mg in weight) were 

mounted in 10 ml organ baths containing Krobs-Iienseleit 

solution maintained at a temperature of 32°C and continuously 

gassed with a mixture of 95% 02 and 5% CO2. Paired vasa 

doferentia from the same animal were set up in all cases. 

The preparations were allowed to equilibrate for 60 - 90 

minutes under an applied tension of 0.5 - 1.0 g before they 

were exposed to electrical stimulation and/or drugs. Ilypo- 

gastric nerve stimulation was performed by electrical field 

stimulation through bipolar platinum ring electrodes (1.0 - 

1.5 mm wide) applied to the nerve. The nerves wore 
41 stimulated with rectangular wave pulses of 0.3 - 1.0 m sOc 

duration at a frequency of 5- 60 Iiz and with supramaximal 

voltages of 10 - 50 volts from SRI stimulators. 

0 if 
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To a force-displacement 

To an SRI ý. 
stimulator 

Stimulating 
electrode 

Krebs-Henseleit 
solution 

Hypogastric nerve 

Cotton thread 

Krebs-Hense ei 
solution 
Vas deferens 
(tissue) 

FIGURE 3 

Diagrammatic representation of the experimental set-up for the ttwo-chambered organ bath' experiments. The hole between the two chambers was sealed up with paraffin wax 
such that leakage (and subsequent dilution of the content 
of one chamber by that of the other) was prevented. 

v 



39 

I 

Some of those preparations worn sot up in a 'two-cliambored 

organ bath'. Figuro 3'shows tho diagramatic representation 

of the experimental sot-up. Although the muscle was still 

stimulated through the hypogastric norvo, this device 

made it possible to'soparato'the nerve from the muscle and 

to administer drugs to the 'nerve' and 'muscle' portions 

separately in turn. 

Drugs were applied either singly or cumulatively. A contact 

time of. 30 - 60 seconds was allowed for each drug before 

the tissue was electrically stimulated and then washed out 

2-3 times. In some cases, the tissues were removed from 

guinea-pigs and rats protreated with reserpine (5 mg/kg 

body weight injected intraperitoneally) 18 - 24 hours before 

sacrifice. . 

Contractions of the tissue evoked by electrical stimulation 

and/or exogenously added drugs wore recorded either iso- 

metrically or isotonically. No qualitative differences 

were observed between the results obtained with the two 

types of recording and hence no distinction has boon made 

between them in describing the results. 

2.14 Rabbit isolated perfused central oar artery 

Rabbits of either sex weighing between 1.5 and 
4 kg were 

used. The animals were killed either by a blow on the head 

and bled out, or by deep pentobarbitone sodium anaesthesia 

(45 - 6O. mg/icC i. v). The method used in those experiments 
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was a modification of tho ones described by do la Lando 

and Harvey (1965), do la Lando and Rand (1965), and do la 

Lando, Frowin and SWatorson (1967). The contral oar artorios 

close to the base of each ear werd exposed and cleaned free 

a from adhoront unwanted connoctivo extraneous and fatty 

tissues as completely as possible. Those central arteries 

(30 - 50 mm long) were removed and cannulated at the 

proximal widor ends with fino polythono tubing or with 

glass cannuiao; the narrower distal ends were loft free. 

The isolated arteries were perfused with Krebs-Ilonseleit 

solution at a constant flow rate of 5. - 10 ml/minute by means 

of Watson-Marlow I1. R. Flow Inducer (type TMHRE 200). The 

porfusion solution was maintained at 37°C. Porfusion 

pressure was measured with Elcomatic pressure transducer 

(typo iii 750) and recorded on a George Washington Oscillograph 

(typo 400 M D/2). It was 20 to 30 mm Hg in the absence of 

drugs or electrical stimulation. The preparations were 

allowed to equilibrate for a period of 45 - 60 minutes 

before intraluminal drug administration or oxtraluminal 

periarterial nervo stimulation was commenced. 

Drugs were added intraluminally into the perfusion fluid 

through a 3-way tap located above the proximal end of the 

artery. The procedure used for oloctrical stimulation of 

the poriartorial nerves was adopted from the onv described 

by de la Lando and Rand (1965). Platinum ring electrodes 

were arranged around the proximal and of each artery just 

below tho area whore the porfusion cannula lay within the 
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artery. The nerves were extralumina. lly stimulated with 

SRI stimulators delivering rectangular wave pulses of 0.4 - 

1.0 mS duration at a frequency of 10 - 30 Iiz and a supra- 

maximal voltage of 30 - 50 volts. 

0 

Constrictions of the arteries in response to added drugs 

and electrical stimulation wore recorded as a rise in 

perfusion pressure. The change in perfusion pressure was 

measured and doso-response curves to intraluminally applied 

drugs, and in some experiments, frequency-response curves, 

wore plotted using the same preparation. Doses of the drugs 

and electrical stimulations were repeated after the previous 

responses had returned to control levels. 

2.15 Rat isolated portal vein 

Wistar albino rats of both sexes weighing between 200 and 

600 g were killed by a sharp blow on the head and bled out. 

The abdomen were opened by a mid-line incision and the 

intestines were pulled aside. The portal veins, with in 

situ lengths of approximately 20 mm each, were carefully 

cleaned'free of connective extraneous and fatty tissues 

and then removed. The isolated portal veins were suspended 

in 10 nil organ baths containing Krebs-Henseleit solution 

maintained at a temperature of 37°C and continuously 

aerated with a mixture of 5% carbon-dioxide in oxygen. 

Paired preparations werd always sot up. The tissues wore 

allowed to equilibrate for a period of 30 - 60 minutes 

" 
under an applied tension of 0.5 - 0.75 g before they wore 
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oxposed to drugs. 

04 

Drugs were applied either cumulatively or non-cumulativoly. 

The spontaneous myogonic contractions and the drug-inducod 

responses of the tissues were recorded isometrically. 

2.16 Determination of pA2 values 

An agonise induces a stimulus which sots in motion a chain 

of events or reactions leading from the occupation of'tho 

receptors, by the agonist, to the effect. A second drug 

may interfere with this chain of events by interacting with 

receptors which are different from those for the agonists. 

This can result in a non-compotitive sensitization or 

inhibition of the biological response to the agonist 

(Ariens, Simonis and do Groot 1955; Ariens, van Rossum and 

Simonis 1957)" 

In the case of a non-compotitivo antagonism, the prosonco 

of the antagonist results in a decrease in the slope and in 

the maximum response to the agonist. This non-compotitivo 

antagonistic action is insurmountable. Non-compotitivo 

antagonists can be evaluated on the basis of PD'X values. 

If the maximum response to the agonist Eam is reduced to a 

response Ea in the presence of the antagonist, than the 

PD, 
x value is equal to the negativo logarithm of the molar 

concentration of the antagonist for which x= Eam/Ea 

(Arions, Simonis and van Rossurn 196! 4a). In tho prosont 

experiments (ton guinea-pig isolated iloum preparations) log 
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dose/response curves to the agonists (acetylcholine and 

histamine) were obtained in the absence, and then in the 

presence, of increasing concentrations of the antagonists 

chioroquine, primaquino, quinine, proguanil and pyrimethamino 

Percentage inhibition of the maximum response to the agonists 

(ordinate) was plotted against the negative logarithm of 

the molar concentration of the antagonists (abscissa). 

The PD'2 value is equal to. the abscissa value corresponding 

to 50%. inhibition. 

If log dose/response curves for an agonist with intrinsic 

activity equal to one are plotted in the presence of 

constant concentrations of a competitive antagonist (acting 

on the same receptors) with intrinsic activity equal to 

zero, then the presence of the antagonist results in, a 

parallel shift of the log dose/response curve for the agonist 

to higher concentrations (Ariens, Simonis and van Rossum 

1964). The competition between the agonist and the antagonist 

can be overcome by increasing the dose of the agonist. The 

antagonism is surmountable. Competitive antagonists are 

best evaluated on the basis of pA values as'introduced by 
x 

Schild 1947,1949). The pAx value is the negative logarithm 

of the molar concentration of the antagonist'that reduces 

the effect of a multiple dose (x) of the agonist to that of 

a single dose acting alone. In the present experiments, 

cumulative log dose/response curves (on guinea-pie tracheal 

chain) and log dose/response curves (on guinea-pig iloum) 

to the agonists (acetylcholine and histamine. ) were obtained 
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in the absence and in the presence of the antagonists 

(antimalarial drugs). Isobolos were constructed by plotting 

the negative logarithm of the molar concentration of 

antagonist (abscissa) against the logarithm of the dose 

ratio - 1) where the dose ratio is equal to the concentration 

of agonist required to produce-50ö of the maximum response 

in the presence of the antagonist/the concentration of 

agonist required to produce 50% of the maximum response in 

the absence of the antagonist. The point where the isobole 

intersects the abscissa is the pA2 value of the antagonist 

against the agonist. 

In all experiments, unless otherwise stated, various con- 

centrations of the different antagonists (antimalarial drugs) 

were used against varying doses of the agonists (acetylcholine 

and histamine). A concentration of an antagonist was added 

to the organ bath containing the isolated tissue preparation 

(guinea-pig tracheal chain or guinea-pig ileum) 3 Cry minutes 

before the first dose of the agonist was applied to the 

tissue, and the subsequent doses of the agonist'required for 

a complete dose/response curve were added either cumulatively 

(in the case of guinea-pig tracheal chain) or singly (in 

guinea-pig ileum) in the continued presence of the antagonist. 

In the guinea-pig ileum, each dose of the agonist was allowed 

to act on the tissue for 30 seconds only (both if the 

absence and in the presence of the antagonist). 
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RESULTS 

v 

The results obtained in the present studios demonstrate 

that all five antimalarial compounds studied have a number 

of pharmacological actions in common. 
V 

2.17 Guinea-pik; isolated ileum 

In all the preparations, concentrations of the quinolino 

antimalarial agents (chloroquine, primaquine and quinine) 

in the range of 7.5 x 10-9 to 1.0 x 10-4 M reduced, in a 

dose-dependent manner, the base-line tension tone). 

At the same dose levels, proguanil and pyrimethamine 

(non-quinoline antimalarials) produced comparatively less 

relaxation. Higher doses of the quinoline compounds 
(2.5 x 10-4 1.0 x 102M) and of the non-quinoline drugs 

(7.5 
x 10-4 - 1.0 x 10-2M) caused dose-related contractions 

of the isolated ileum. These contractions were compared 

with those evoked by acetylcholine and nicotine. The dose- 

response curves are plotted in Figure 4 from which it can 

be seen that the antimalarial drugs were about 104 and 103 

times less potent than acetylcholine and nicotine respectively, 

and that-the order of potency of the antimalarials was: 

primaquine - chioroquine =. quinine ý. proguanil z-: -;: pyrimethainine. 

The spasmogonic effect of the antimalarials was found to 

increase with a rise in organ bath temperature and decrease 

with a reduction in temperature (Figure 5). The spasmogenic 

effect of physostigmino was also found to vary with the 

organ bah temperature whilst responses to acetylcholine 
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FIGURE 5 

Guinea-pig isolated ileum. Effects of primaquine 
(PQ, 1.0 x 10-3M), physostigmine (P, 5,0 x 10-5M), and 
acetylcholine (A, 1,0 x 10-1M) at 280C (upper trace) and 
380C (lower trace). The spasmogenic effects of prima- 
quine (PQ) and physostigmine (P) increased with rise in 
the organ bath temperature, 

®o0 
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AT 

FIGURE 6 

Guinea-pig isolated ileum. Effect of atropine (AT, 
1.0 x 10-M) on contractions of the guinea-pig ileum 
induced by chloroquine (CQ, ( 0) 2,0 x 10'" M) , 
Atropine was added at the upward arrow and washed 
out at the downward arrow, To minimise the tachy- 
phylactic effect. of chloroquine, doses of the drug 
were administered every 30 minutes following 3 
washings. 
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were unaffected (Figure 5). Tucliyphylnxis was observed 

with successive doses dF antimalarial drugs (Figaro 5). 

The effects of the antimalarials on the g*uinoa-pig 

isolated ileum were not modified by atropino (1.0 
- 2.5 x 

10-6 M), mepyramino (1 
. 0' - 2.5 x 10-6M) , hoxamothonium 

(1.0 - 2.5 x 10-6 M) or methysergido (1.0 
- 2.5 x 10-6 m) 

which inhibited, or abolished, the responses of the tissue, 

to acetylcholine (1.0 x 10-7 - 2.5 x 10-5rs), histamine 

(1.5 x 10-7 - 2.5 x 1o-5M), nicotine (2.5 x 10-6 - 7.5 x 1o-5M) 

and 5-hydroxytryptamine (2.5 x 10-6 _ 7.5 x 10-5ri) respectively 
by 73 - 100% of the control values. HIowovorp relatively 

high concentrations of atropine (5.5 x 10-6 - 5.0 x 10r5ri) 

dose-dependently inhibited the contractions of the tissue 

induced by all five antimalarials (Figuro G). 

Apart from producing contractions, all tim fivo antimalarial 

compounds (7.5 x 10-6 - 1.0 x 10-3M) inhibitod the rosponsos 

of the isolated ileum to acetylcholino, histamino, nicotine, 

5-hydroxytryptamine, potassium chloride and barium chloride 

(Figure 7). This inhibitory effect was produced by con- 

centrations of the antimalarial compounds too small to 

contract the ileum. The spasmolytic actions of the nriti- 

malarials were most marked against histamine and Toast 

effective against potassium and barium. 4pA2 values were 

calculated for the antimalarials against acotylcholino and 

histamine. The values obtained have boon compared with 

published figures in Table 1. 
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TAI3Lr 1 
fj 

4 

Antagonist Agonis t ofpA2 n 

Chloroquino 4.1 (3.8) 

Primaquine 4"3 
Quinine 3.8 
Proguanil Acetylcholine 

3.3 
Pyrimothamino 3"0 
Atropine 8.8 

Chloroquine 8-3 (9.1)" 
Primaquino 8.1 

Quinine 7.7 
Proguanil 

Histamine 
r 

Pyrimethamine 6.2 
Nepyramine 9.0 

itPA2 values obtained for the antimalarial drugs, atropino 

and mepyramine'against acotylcholiiio and histamino (3-min 

contact time) on guinea-pig isolated ilourn. Figures in 

the brackets are published values (Olatundo, 1970). 

0 

1. 
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FIGURE 8 

Guinea-pig isolated longitudinal muscle strips. Effects 
of nicotine (N), acetylcholine (A), physostigmine (P), 
quinine (QN) and chloroquine (CQ) on the innervated 
(upper traces, (a) and (b)); and denervated (lower traces, 
(c) and (d)) strips of guinea-pig ileum. 
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FIGURE 9 

Guinea-pig isolated longitudinal muscle strips. Mean log 
dose/response curves to acetylcholine, ACh (0 ), nicotine 
(0) , chloroquine (®) , primaquine ( .), quinine (y), 
proguanil -( 0) and pyrimethamine (0) on innervated 
(upper panel) and denervated (lower panel) strips. Each 
point represents the mean of 5- 10 observations, and the 
vertical bars denote s. e. of means. 
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2.18 Guinea-pig isolated longitudinal. muscle stripy 

innervated and derervatod 

Relatively low to medium concentrations of all fivo anti- 

malarial compounds (7.5 x 10-9 - 1.0 x 10 4 
rs) producod 

t dose-related reductions of the baso-lino tensions of both 

the innervated and denervated muscle strips as thoy did in 

the intact isolated ileum. All tho five antimalarials 

(7.5 x 10-4 - 2.0 x 10-2M) caused dose-dependent con- 

tractions of the innervated muscle strips, resembling those 

obtained in the. intact ileum since they were found to be 

temperature-dependent, tachyphylactic and resistant to the 

actions of atropine, mepyramino, hexamothonium and 

methysergide (1.0 - 2.5 x 10-611). In contrast, tho 

denervated muscle preparations were largely unresponsive 

to antimalarial agents (Figure 8). Acetylcholine and 

histamine produced dose-related contractions of both the 

innervated and denervated muscle strips, although thoy woro 

much less marked in the latter. Nicotine and physostigmino, 

like the antimalarials, only contracted the innervated muscle 

strips Figures 8 and g). 

2.19 Rabbit isolated duodenum 

All five antimalarial drugs relaxed the isolated duodenum 

at all dose levels used (1.0 x 10-6 - 1.0 x 10-2M). 

Spontaneous myogenic activity was also inhibited in a doso- 

dependent manner by the compounds (Figure 10). The order 

of potency of the drugs was: primaquine-chloroquino: z.. 
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FIGURE 12 

Rabbit isolated duodenum. Effect of primaquine 
(PQ, 2.5 x 10-4 M) on the inhibitory responses of rabbit 
isolated duodenum to sub-maximal electrical stimulation 

(S, at40Hz). 
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FIGURE 14 

Rabbit isolated duodenum. 

Mean dose/response curves to primaquine (u), 
chloroquine (13), quinine (Y), proguanil (o) 
and pyrimethamine (o) on rabbit isolated spontaneously 
contracting duodenum. Each point is the mean of 
4- 9 observations. The vertical bars represent s. e. 
of means. 
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I 

quinine : z-:, - pro guanil t: >- pyrimot amino. The inhibitory 

effects of pyrimothamino on this tissue but not thoso of 

proguanil or tho quinolino antimalarials, wore ronclily 

rovorsed by washing out (Figuro 10). 

0 

In most of the preparations, relatively moderate to high 

concentrations of chloroquine, quinine and primaquine 

(5.0 x 10-4 - 2.0 x 10-3r1), but not proguanil or pyrimoth- 

amine, caused an initial contraction of the tissue boforo 

relaxing it (Figure 11). This initial contractile effect 

was found to be inhibited by a lowered organ bath temp- 

erature but was unaffected by atropine (1 
- 2.5 x 10 

6l)ß 

mepyramine (1 - 2.5 x 10-6M)j hoxamethonium (1 
- 2.5 x 10 

61%I) 

or methysergide (1 - 2.5 x 10-6 m)e 

A11 the antimalarials studied (7.5 x 10-7 - 1.0 x 10-4 M) 

dose-dependently potentiated the inhibitory effect of 

oxogenously added noradrenaline. Iiowevor, in higher con- 

centrations ( 2.5 x 10-4 M) the noradronalino responses 

Figure 11) and the effect of perivasculnr nerve stimulation 

werd inhibited (Figure 12).. This effect, unliko that of 

guänethidine, was not roversed by doxampliotamino (2.5 - 

7.5 x 10-6M1, soe Figure 13). Tho inhibitory offocts of 

the antimalarial compounds on the isolated rabbit duodenum 

are summarized in Figure 14+. 
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a 

FIGURE 16 

Chick isolated oesophaguso Dose/response curve 
constructed to quinine (QN) on the isolated oesophagus. 
Doses were added at 30 minute intervals, allowed to act 
for 40 seconds and then washed out 3 times. QNl, QN2, QN3, 
QN4 and QN5 represent quinine 7,5 x 10-4M, 100 x 10-3M, 
205 x 10-3M, 5.0 x 10-3M and 7.5 x 10-3 respectively, 

.9 

A00m0 

QN1 QN2 QN3 QN4 QN5 
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1 min i 
.r 

1 

I 

CQ 

AT 

FIGURE 17 

Chick isolated oesophagus. The effect of atropine 
(AT, 1.0 x 10-5M) on the contractions of the chick 
oesophagus induced by chloroquine (CQ, 0,5.0 x 
10-3M), The same doses of chloroquine were repeated 
at 40 minute intervals and allowed to act for 
30 seconds. At the upward arrow, atropine (AT) 
was added to the bath and washed off at the down- 
ward arrow. 

19 
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2.20 Chick isolated oesophagus 

All the antimalarial compounds studiedoin low doses (7.5 x 

" 10-8 - 2.5 x 10-4M), caused dose-dependent reductions of 

the base-line tension of the chick isolated oesophagus 

(Figure 15). However, higher concentrations (> 7.5 x 10-11M) 

produced dose-related contractions of the tissue (Figure 16). 

These contractions were augmented by an elevated organ bath 

temperature. The contractions were resistant, to the actions 

of atropine (1 
- 2.5 x 10-6 M), mepyramine (1 - 2.5 x 10-6 m)f 

hexamethonium (i 
- 2.5 x 10-6M) and mothysergido (1 

- 2.5 x 

10-6 M)ß but were inhibited by high doses of atropine (7.5 x 

10-6 - 5.0 x 10-5M). Figure 17 illustrates a typical 

trace. In some preparations, low concentrations of all the 

antimalarial agents studied (2.5 x 10-8 - 2.5 x 10-5ý1) 

augmented contractions of the tissue induced by acetyl- 

choline (1.0 x*10-7 - 2.5 x 10-5rs) but inhibited contractions 

evoked by histamine (1.0 x 10-7 - 2.5 x 10-5ri), nicotine 

(2.5 x 10-6 - 7.5 x 10-5M)ß and 5-hydroxytryptamine (2.5 x 

10-6 - 7.5 x 10-5M). These results are similar to those 

obtained on the guinea-pig ileum. However, higher con- 

centrations of all the antimalarials (2.5 x 10-4 - 2.5 x 10-3M) 

inhibited, in a dose-dependent manner, the contractions 

induced by acotyicholine, histamine, nicotine, 5-hydroxy- 

tryptamine, potassium and barium chloride. ' 

In most of the preparations, low concentrations of all five 

compounds studied (5.0 x 10-7 - 2.5 x 10-551) augmented the 

w 
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3 min 

v 

FIGURE 18 

Chick isolated oesophagus. Effects of quinine (QN) on 
the responses of the tissue to electrical stimulation 
(S, at 20 Hz), QN1 and QN2 denote quinine, 10-6M and 
10-3M respectively. Quinine was added to the bath at 
the upward arrow and washed out at the downward arrow 

SSS is SSSSS 

QN1 QN2 
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FIGURE 19 

Chick oesophagus. Mean log dose/response curves constructed 
to primaquine (p ), chloroquine (a), quinine (Q), 

proguanil (A), pyrimethamine (O) and lignocaine (0 ).. 

Each point is the mean of 5 -- 8 observations. Vertical 
bars denote s. e. of means. 
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contractions evoked by oloctrical stimulation of the vages. 

In contrast, higher concontrations (7.5 x 10x5 - 2.5 x 10-3M) 

inhibited the electrically-induced contractions (Figures 

18 and 19). 

to 

2.21 Guinea-pig* tracheal chain 

The tracheal smooth muscle had very little, if any, inherent 

tone. For this reason, studies-on relaxant drugs wore 

carried out on tissue preparations using agonists which 

produced contractions that were sustained for at least 

fifteen minutes. Acetylcholine, histamine', 5-hydroxytryptamino 

and potassium chloride produced dose-dependont contractions 

of the tracheal chain preparation. Acetylcholine and 5- 

hydroxytryptamine wore found to bo roughly equipotont on 

molar basis, whereas histamine and potassium were considerably 

less potent. 5-hydroxytryptamine and histamine were found 

to be unsuitable agonists because of tachyphylaxis. Similarly, 

potassium chloride was unsuitable because, in the con- 

contrations used, it was almost impossible to relax such 

tissues, even with high doses of isoprenaline. In most 

preparations, contractions produced by carbachol were not 

reproducible enough to be useful. However, acetylcholine 

(7.5 x 10-8 - 7.5 x 10-5Ai) in the presence of physostigmine 

(3.0 
- 5.0 x 10-81i) produced well-sustained contractions 

which were readily relaxed with drugs. Acetylcholine was 

therefore used in most of the experiments reported hero. 

0p 
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A PQ1 PQ2 PQ3 PQ4 

FIGURE 20 

Guinea-pig isolated tracheal chain smooth muscle. Effects 
of quinine (QN) and primaquine (PQ) on tracheal chain 
smooth muscle contracted with acetylcholine (A, 7.5 x 10"8M, 
in presence of physostigmine 5.0 x 10-8M). Q g19 QN2, QN3 
and QN4 denote quinine 2.5 x 10"5M, 5.0 x 10 M, 1,0 x 10-4M 
and 2.5 x 10-4M respectively, while PQ1, PQ?, PQ3 and PQ4 
represent primaquine, 20 5x 10"5M, 5.0 x 10--; M ,. 10 0x 10°4M 
and 2,5 x 10'4M, 

lq 

A. 

A QN1 QN2 QN3 QN4 
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FIGURE 21 

Guinea-pig isolated tracheal chain smooth muscle. 
Mean cumulative dose/response curves to chloroquine (13), 

primaquine (a), quinine (v), proquanil (0) and 
pyrimethamine (o) on guinea-pig isolated tracheal chain 
smooth muscle preparations contracted with acetylcholine 
(in the presence of physostigmine). Each point is the 
mean of 6-9 observations, and the vertical bars denote 

s. e. of means. 
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FIGURE 22 

Guinea-pig isolated tracheal chain smooth muscle. 
Effect of chloroquine (CQ) on tracheal chain smooth 
muscle contracted-with carbachol (C, 7.5 x 10-8M, 

upper trace), histamine (H, 7.5 x 10-5M, middle 
trace),. or acetylcholine (A, 2.5 x 10-8M, lower trace). 

_5 CQl, CQ2, CQ3, CQ4 and CQ5 denote chloroquine, 2.5 x 10 M, 
5.0 x 10-5M, 1.0 x 10-4M, 200 x 10-4 M and 4,0 x 10-4M 
respectively. 
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TAI3LI; 2 

-*4 

0 

Drug ED50 (M) 

Chloroquino 2.25 x 10-5 (8) 

Primaquino 2.80 x 10-5 (6) 

Quinine 4.32 x 10-5 (7) 

ProguaniJ. 9.64 x 10'5 (4) 

Pyrimethamino 1.33 x 10 4 (5) 

Isopronalino 4.56 x 10-8 (7) 

Noradrenalin© 5.42 x 10-7 (6) 

Salbutamol 3.21 x. 10-7 (5) 

Papaverine 2.70 x 10"6 (4) 

Guinea-pig isolated tracheal chain smooth muscle. ED50 

values for various drugs on tracheal chain preparations' 

contracted wit1 acetylcholine (in the presence of physos- 

tigmine, 3.0 x 10-8M). The values are the means obtained 

from 4 to 8 observations number in parenthesis). 
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0 

All the antimalarial drugs 
w 

(5. o x 10-7 - 1,0 x 1ü-2rß) 

produced dose-related relaxations of tracheal smooth 

muscle contracted with acetylcholine in the presence of 

physostigmine. Figure 20 shows typical traces whilst 

Figure 21 illustrates the doso/rosponse curves obtained. 

All the antimalarial compounds investigated also produced 

dose-dependent relaxations of the tracheal smooth muscle 

preparations contracted with 5-hydroxytryptamine (three 

preparations for each compound) and carbachol (two prep- 

arations for each drug). Histamine-induced contractions 

of the tracheal chain smooth muscle were readily relaxed 

by the aminoquinolines but only slightly relaxed by 

proguanil and pyrimethamino. Figure 22 shows typical 

traces obtained with three different agonists. 

The effects of the antimalarials on tracheal smooth muscle 

was compared with those of some other drugs. Table 2 shows 

the ED50 values for the antimalarials and for isoprenalinO, 

noradrenalino, salbutamol and papaverine. On a molar basis, 

the order of potency of the drugs in'rolaxing the tracheal 

chain smooth muscle contracted with acetylcholine in the 

presence of physostigmine was: isoprenaline ysalbutamol- 

noradrenaline : =º papavorine --=-. chloroquine--primaquino---=. - 

quinine» proguanil . pyrimothamine. 

The ß-adronocoptor blocking drug, alprenolol 
(5.0 x 10-8 - 

1 .0x 10' 
ý'rI) 

tlproduced a 'marked shift of the doso/rospons© 
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v 

curves to isoprenalino and noradronalino, and a similar 

effect was obtained wi,, h propranolol (5.0 x 10-7 - 1-75'x 

10 
611) 

against sailbutamol. However, those ß-adrenocoptor 

blocking agents, in the concentration range used, did not 

modify dose/rosponse curves to the antimalarial compounds. 

2.22 Rat and guinea-pig isolated uteri 

In the oostrogon-dominated isolated uterine preparations 

(ie. uterine tissues isolated from oestrogen-treated 

animals), all the antimalarial compounds produced biphasic 

7.5 x 10 b1) 8 
effects. Low concentrations (2.5 x 10- -6 

stimulated the isolated uterus whilst higher conoöntrations 

(1.0 x 10-4 . 2.0 x 10-3M) inhibited the tissues in a 

doso-dependent maimor. 

The responsiveness of isolated uterine preparations to 

stimulant doses of the antimalarial. drugs, varied from one 

animal species to another. Thus proguanil (1.0 - 4.0 x 10 
61) 

caused rhythmic contractions of the oestrogen-dominated 

quiescent rat uterus (Figure 23) but had a much weaker 

action on the guinea-pig, isolated oestrogen-treated uterus. 

Similarly, quinine (2.5 x 10-6 - 2.5 x 10-5M) produced 

powerful contractions of the rat uterus with a smaller 

effect on the guinea-pig uterus. In most of the prep- 

arations usod, pyr. imethamine (2.5 - 7.5 x 10-6rs) caused 

contractions of tho rat isolated oostrogon-dominated 

uterus but not that of the guinea-Pig. Pyrimotliamino- 

F, 



0 

no0 

ý N. K 
(D 

ama 
ot 
N: 'q 9 

b. 
o N"w tj m 

otn 
rr 1ý 
a rr a 
ti ft 
(ro(D CD mw wcn 

(t o 
wri (D 
00 (n 

(Q ft (D Fi 
do 

etw otzm oýi 
m 

"'d 
. 

non 
0PN" 

rr5 am (D 
cnn1a 
aN"G Htort- 
crom nä 

" ft (D 
:ya cD s, W 

(D h n 

0 

N"'ýg 
w N" 
Cl) 
tt p. i 
tiiN" 
amp 
rrto N" N" 
0 
ßß. L10 
°G7 

n'. 
(D 
Re 

. 

ao 
mC 0 12- 

171 

H 

M 
N 
ýP 

z 

owN 

m f .. z, 

F_-` 

,__.. s S 

' 

. 

1 

' 

" 

1 

1 

. 

i 
1 

W 1 " 

1 H H 1 

1 

--4 Ul 



Y 

to'dtoX 
ft ti 'a 
N"00ft 

Na a CO 
aýi o 
ft P. (D H 
fD f-10 a 
Pi s" fr . -. (n CD 

ro a 0Ö 
00 m Nctul 

ot ft 
cn an 

f0 0 
ft (Q N" o 1-H 0 

o: 1 1 1 01 ro 
%_o t-h VI 
o (D 

t-n cr 

LfD uM 

am 
:ý fi rn 
I 

mo 
0 

a cn ct n ct N" K0 
LQ 
(D N" 

(t ä 
(D a0 

ro o 

can " (t ro aa a (1' 0 
KmP. a 
Cr N"n-, 0aH 

acl- 
U1 fD N 

GG to 
CX 
am 
Ho0 

m rn 

º`j 

P"ij 
H 
G'1 
N 

N 
U1 

H 

ro C) 

0 

0 

owN 

...:....:....:... ... ..... 
.......... 

:...:....:. ............... 

.......... . 

..... 

.... ........ : _: 

41 

:....:..... 

'. ý :.. i.. ý. l .::.. ........ j ý: 'ý t 

ý i.... t.... ý. 

ýýý 

f. 
ýý 

. ý...... . 
ý......... 

. ý... 

ý 't .. 
ýý ý 

.. 
ý... 

1.. 
.......... 

c 

. ,.. ... 

rile : ........ .... .:;... 

: çri 

ý. 1 
rn 



77 

induced contractions wore at a lower frequency than thoso 

produced b'y proguanil Gr quinine. 

Chloroquino and primaquino (1.0 x 10-8 - 5.0 x 10-6ri) 

produced no appreciable spontaneous contractions of the 

rat isolated oestrogen-primed uterus. At the same dose 

levels, however, chloroquine markedly stimulated the 

guinea-pig isolated oestrogen-dominated uterus. In 110 

9 

per cent of the preparations used (je. four ), primäquine 

(1.0 x 10-7 - 2.5 x 10-6 M) also caused spontaneous con- 

tractions of the guinea-pig isolated oestrogen-primed 

uterus. Similarly, quinine (7.5 x 10-7 - 1.0 x 10-5M) 

always induced spontaneous contractions of the guinea- 

Pig isolated oestrogen-dominated uterus (Figure 24). 

The spontaneous contractions-of the quiescent oestrogen- 

dominated isolated uteri of rats and guinea-pigs induced 

by the antimalarial compounds wore not inhibited by 

indomethacin (7.5 x 10-7 - 2.5 x Jo-6 M; Figure 25). In 

fact, in most of the preparations, the tissue became 

more responsive to antimalarials following indomothacin 

administration (og. Figure 25 lower trace). In control 

runs where equal volumes of ethanol 0.01 - 0.05 mi/mi) 

" was administered to the bath, the preparations were not 

stimulated. The antimalarial-induced spontaneous con- 

tractions were also resistant to the action of ätropine 

1, -2.5 x 10-6 M)l mepyramine (1 - 2.5 x 10-6Nj , 

41 
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FIGURE 26 

Rat isolated oestrogen-dominated uterus, Effects of 
various concentrations of (a) bradykinin (BKN) in the 
absence (0) and in the presence (A) of chloroquine 
(CQ 1.0 x 10'" M); (b) oxytocin (OTN) in the absence 
(. 0) and in the presence (A) of pyrimethamine (PM, 
1.0 x 10-4M); (c) acetylcholine (Ach) in the absence 
(0) and in the presence (A) of proguanil (PG, 
1,0 x 10-4M); and potassium chloride (KC1) in the 
absence (0) and in the presence (A) of primaquine 
(PQ, 1,0 x 10-4M)0 Each point is the mean of 5 to 7 
observations and the vertical bars denote s. e. of 
means. 
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hexamothonium (1 - 2.5 x 

10-6 
v 

M)l or phentolamino 

10 M), mothysorgido (1 - 2.5 x 
6 (1 - 2.5 x 10- M). 

All the antimalarial druts studied (7.5 x 10-8 - 2.5 x 10-3M) 

I 
dose-dopendontly inhibited, or abolished, the stimulant 

actions of bradykinin, oxytocin, acetylcholine and 

potassium"bhlorido on the isolated oostrogon-primed 

quiescent uteri of rats and guinea-pigs (Figure 26). The 

antasonism produced (non-sp©eific) was essentially similar 

to that produced by these agents against the standard 

spasmogens on the guinea-pig isolated ileum. 

The stimulant effects of the compounds observed in the 

quiescent preparations isolated from non-pregnant, oostrogon- 

dominated rats and Guinea-pigs were not soon in those 

taken from rats and guinea-pigs in early, middle or late 

stages of pregnancy. Low to high concentrations of all 

the antimalarial compounds (1.0 x 10-6 - 1.0 x 10-2D1) 

produced dose-dopendent inhibitions of spontanoous con- 

tractions of uteri taken from pregnant rats and guinoa- 

pigs. Figure 27 shows 'a typical trace of all the compounds; 

primaquine produced the strongest inhibition of thoso 

spontaneous contractions. Figaro 28 shows doso/rosponso 

curves obtained for all the antimalarials on pregnant 

spontaneously contracting guinea-pig uteri. No qualitative 

or quantitative differences related to tiro stage of 

pregnancy were observed, and the inhibitory effects of the 

antimalarial compounds were resistant to t}io actions of 
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atropine (1 
- 2.5 x 10-6M), mopyramino (1 

- 2.5 x 10-6 M), 

hexamethonium (1 
- 2.5-'x 10-6r1)ß mothysorgido (1 - 2.5 x 

10-6M)f plientolamino (1 
- 2.5 x 10-6 M) and propranolol 

(1 - 2.5 x 1o-6M). 

0 

Because the antimalarial compound solutions used were 

acidic, buffered solutions were prepared to the same pI1 

as those of the antimalarial agents. This was done in 

order to check the possible influence of pH on the 

stimulant and inhibitory uterine effects of the compounds. 

Volumes of buffered solution equal to those of the anti- 

malarial solutions used, did not produce any marked effect 

on either quiescent uterine strips taken from oestrogen- 

primed rats and guinea-pigs (stimulated by low to medium 

concentrations of antimalarial drugs) or on spontaneously 

contracting uteri of pregnant rats and guinea-pigs (inhibited 

by low to high doses of all the antimalarial agents). 

2.23 Guinea-pig and rat isolated vases deferentia 

The response of guinea-pig and rat isolated vasa doforentia 

to indirect electrical stimulation and to exogenous additions 

of noradrenaline were found to bo similar both quantitativoly 

and qualitatively, hence no distinction has boon made 

between them in describing the results obtained. 
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10'2. 

Guinea-pig isolated vas deferens. Mean dose/response 
curves to primaquine (D ), chloroquine (Q ), quinine (y), 
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4-8 observations, and the vertical bars represent 
s. eo of meanso 

85 

.I 



86 

1 

g 

0 

FIGURE 32 

Guinea-pig isolated vas deferens. Effects of chloroquine 
(CQ, 5,0 x 10-4M) added to the 'nerve' or 'muscle' 
compartment at the upward arrow, The drug was washed 
out at the downward arrow. N and M represent nerve and 
muscle compartments respectively, In both cases, the 
muscle was indirectly stimulated through the hypogastric 
nerve. The contractions were inhibited to about the 
same extent. 

*1 



87 

in tlio concontration rango 7.5 x 10-7 - 5.0 x 10"5rt, all 

tho antimalarial drugs,., studied augmontod motor rosponsos 

obtainod by liypoCastric norvo stimulation, whilst higlior 

doses (1.0 x 10-It - 1.0 x 10-2M) doprossed or abolished 

them. This effect depended on the concentrations used. 

Figures 29 and 30 show traces obtained with proguanil and 

chloroquine respectively. The stimulant and inhibitory 

effects of all the compounds (summarized in Pigruro 31 

wore readily reversed by washing. 

In the experiments carried out with 'two-chanborod organ- 

baths', equal doses of medium to high concentrations of 

antimalarial drugs (1.0 x 10-4 - 1.0 x 10-art) added 
separately, and in turn, into the tnervot and 'musclo' 

compartments inhibited, the motor rosponsos of tho tissuo 

induced by nerve stimulation to approximatoly tho samo 

extent (Figure 32). This effect was regarded as an 

index of membrane-stabilising or local anaesthotic activity. 

The potency of the antimalarials in oliciting this offoct 

was: primaquine5>- chloroquino .. quinino»} proguanil - 

pyrimothamine. 

In some preparations, the inhibitory effects of all the 

antimalarials on the electrically-ovo]cod contractions of 

the vas were compared with those produced by the adronorgic 

neurone blocking agents, guanothidine (2-5 x 10 
ý'M) 

and 

bretylium (5.0 x 10_6DI) . Unliko the antimalarial compounds, 

bretylium selectively iriliibitod the motor responses of the 
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Guinea-pig isolated vas deferens. Effects of 
guanethidine (GUA, 205 x 10-6M), chloroquine (CQ, 
705 x 10-4M) and dexamphetamine (DEX, 30l x 10-bM) on 
the contractions of the vas induced by hypogastric 
nerve stimulation, In (A), the inhibitory effect of 
guanethidine was reversed by dexamphetamine whereas 
the inhibitory effect of chloroquine on the electrically- 
induced contractions of the muscle was not (B)a 
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88 

;.,. 

.w 

ý: 



89 

isolated vas deferens to high frequency stimulation whoro- 

as Guanethidine produced a more selective inhibition of 

low frequency stimulation. 'rho antimalarials inhibited 

the responses of the tissue induced by both high and low 

frequency stimulation to about the same extent. Dox- 

amphetamine (7.5 x 10-7 - 5.0 x 10-6M) reversed the 

inhibitory effect of guanethidine and bretylium, on the 

motor responses of the vas deferens to electrical 

stimulation (Figure 33). However, the same doses of 

dexamphetamine did not modify the inhibitory effects of 

antimalarial compounds on this tissue (Figure 33). The 

inhibitory effects of the antimalarial drugs were also not 

altered by the action of atropine (i 
- 2-5 x 10-6 M)q 

mepyramine (1 - 2.5 x 10-6M)q hexamethonium (1 - 2.5 x 10 
6M)9 

methysergide (1 - 2.5 x 10-6 M)q propranolol (1 
- 2.5. x 10 Erz) 

or phentolamine (1 - 2.5 x 10-6 M). 

The local anaesthetics, cocaine (1.0 x 10-7 - 1.0 x 10-5M) 

and lignocaine (7.5 x 10-7 - 7.5 x 10-5M) dose-dependently 

augmented the contractions of the vas deforens evoked by 

exogenously added noradrenaline, phenylephrine and adrenaline 

at doses . ranging between 5.0 x 10-6 to 2.5 x 10-4 M. A 

similar effect was seen with all the antimalarial drugs 

(7.5 x 10-7 - 1.0 x 10^4M). Higher concentrations of all 

the antimalarial compounds (2.5 x 10-4 - 1.0 x'10-2M) doso- 

dependently inhibited or abolished the catocholamine-induced 

contractions of the tissue. On molar basis, the order of 

potency of the antimalarials in producing augmentation and 
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inhibition was: prirnaquino ýZcliloroquino=: 3-quinino ==, "- 

proguanil----=, - pyrimothamino. 

2.24 Rabbit isolated porfused car artery 

Ij The isolated perfused central oar artery of tho rabbit, 

unlike the portal vein, doses not show spontaneous 

myogenic activity or basal tone. In all preparations, 

the arterial tissue responded to extraluninal poriartorial 

electrical nerve stimulation by producing a frequency- 

dependent vasoconstriction, indicated by a graded rise in 

perfusion pressure. Intraluminally added nnoradronaline, 

pheriylephrine (5.0 x 10-$ - 5.0 x 10-7M)ß and also 

acetylcholine and nicotine (7'. 5 x 10 
6-1.0 

x 10-411)ß 

produced dose-dependent constriction of tho artorial 

preparation. I 

By themselves, the antimalarial compounds did not elicit 

vasoconstriction, but rather reduced the perfusion pressure 

very slightly (ie. they induced a slight vasodilatation). 

However, low to medium concentrations of the quinolino 

antimalarials (5.0 x 10-7 - 5.0 x 10"511) enhanced the 

vasoconstrictor effects of periartorial sympathetic norvo 

stimulation (Fig*ure 310 and intraluminally added nor- 

adrenaline or phenylophrine. The augmentation produced by 

the compounds in this tissue was much loss than tlit. t 

produced in the vas doferens or portal vein. Ui Chor con- 

centrations of all five antimalarials (2.5 x 10 
1ý 

- 1.0 x 
" 

10-2r1) reduced or totally abolished to vasoconstrictor 
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FIGURE 36 

Rabbit isolated perfused central ear artery. Effects 
of pyrimethamine (PM, 7.5 ý 10-'4M, upper trace), and 
chloroquine (CQ, 7.5 x 10- M lower trace) on nor- 
adrenaline (NA, 0,5.0 x 10-6M)-induced contractions 
of rabbit isolated ear artery. The inhibitory effect 
of chl8roquine on the rise in perfusion pressure was 
more marked than that of pyrimethamine. 
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Rabbit isolated perfused centraJý ear artery. Effects 
of pyrimethamine (PM, 1-0 x 10- M), proguanil (PG, 1.0 x 10-3M), quinine (QN, 1.0 x 10-3M), 
chloroquine (CQ, 1,0 x10-3M), 3 and primaquine (PQ, 
1.0 x 10-M) on electrically-induced changes in 
perfusion pressure in the isolated ear artery, The 
open square is the control (C) whilst close squares 
represent drug treatment, Vertical bars denote s. e, of means. 

* means P<0.05 and denotes P <0,001 
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responses of the oar artery proparatidn to oxtraluminal 

poriarterial nerve stimulation (og. Figuro 35) and to 

intraluminally added noradronalino (Figure 36), plionylophrinot 

acetylcholine and nicotine. Figure 37 summarisos the 

effect of 1.0 x 10-3M of each antimalarial drug studied 

on the rise in perfusion pressure evokod by poriartorial 

nerve stimulation at a froquency of 30 lIz. 

2.25 Rat isolated portal vein 

All the antimalarial drugs studied had biphasic effects 

on the spontaneous myogenic contractions of tho portal 

vein. In all the preparations (seven for each compound), 

low to medium doses of each of the antimalarials (7.5 x 

10-7 - 1.0 x 10-4 M) dose-dependently enhanced both the 

amplitude and frequency of the contractions; rolativoly 

higher concentrations (2.5 x 10-4 - 1.0 x 10-2M) doprossod 

(or abolished) both amplitude and frequency in a doso- 

related manner. Figures 38 and 39 show typical (stimulant 

and inhibitory) effects of quinine and pyrimotiiamino, and 

all the results are summarized in Figure 40. In most 

of the preparations treated with proguanil or pyrimothamino, 

the initial stimulatory phase (shown in Figure 38) was 

absent (Figure 41). 

Adrenaline and noradronalino (2.5 x 10-8 - 7.5 x 10`6rt) 

produced dose-dependent contractions of tho isolated 

portal voin. Low to medium doses of the antimalarials 
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Rat isolated portal vein. Mean cumulative dose/response 
curves to primaquine (E3 ), chloroquine (Q) 

, quinine ( y) , 
proguanil (0) and pyrimethamine (0) on rat isolated 
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(7.5 x 10-7 - 5.0 x 10-5ki) nugmontod tho contractilo 

effects of adrenaline a°, Zd noradronalino (Figuro l&2) on 

this tissue whilo'higher concentrations (5.0 x 10"4 

1.0 x 10-2M) inhibited the actions of the catocholaminos. 
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DISCUSSION 

The rosults rcportod in this soction show that all fivo 

" antimalarial drugs, despite their difforont chemical 

structures and different mechanisms of antimalarial action, 

have in common, at least superficially, a number of offocts 

on smooth muscle preparations: On most of the preparations 

used, each drug exerted both inhibitory and oxcitatory 

effects depending on the concentration of the drug and tho 

conditions of the experiment. 

Relatively low to medium concentrations of the compounds 

reduced the resting tension of the guinea-pig isolated iloum, 

the chick oesophagus and the rabbit duodenum, inhibited 

pendular movements of the last named preparation, and 

depressed contractions of all three tissues produced by 

acetylcholine, histamine, nicotine, 5-hydroxytryptamino, 

potassium chloride or barium chloride. Those observations 

are in general agreement with those of other workers (Vano, 

1949; Agarvil and Deshmankar 1963; Doshpande of al. t 1963; 

Olatunde 1970). It seems likely that the non-specific 

inhibitory effects-of the drugs are a consequence of thoir 

membrane' stabilising or local anaesthetic activity which 

has been described by others (Arora 1955; Jindal of al., 

1958; Chinyanga of al., 1971,1972). 

Larger concentrations of the compounds produced contractions 

of the smooth muscle in all three isolated tissuos. In the 

guinoa--pig i] pum, this offect was shown to bo produced only 



I 

in innorvatod longitudinal musclo strips; donorvation of 

the strip abolished tho offoct, although such proparations 

continued to respond to agonists such as acotyicholino and 

histamine. The fact that denervation abolished tho 

S. contractor effect indicates that it is dependent on the 

nerves. The antimalarials possess weak `antichiolinestoraso 

103 

activity as shown by Wright and Sabine (19! 8), Garcia of al., 

(1968) and Ayitey-Smith and Boye (1975), and confirmed in 

the present study. It is possible that the concentrations 

necessary to produce contractions of the smooth muscle were 

sufficient to produce some enzyme inhibition. However, it 

is unlikely that the contractions were produced by 

accumulating endogenous acetylcholine, since they were un- 

affected by atropine in concentrations greater than those 

necessary to block responses to oxogonous acetylcholine. 

The contractions were also unaffected by h©xamothonium, 

mepyramine or methysergido. Thus, although'an intact 

innervation was necessary, the contractions were apparently 

not evoked by the release of the common ondogonous modiators 

or autocoids (acetylcholine, histamine and 5-hydroxytryptamino), 

nor were the membrane receptors for those aeonists involved 

in the response. The possibility must therefore be considered 

that the antimalarials are capable of releasing some other 

endogenous smnooth-muscle contracting substanc©l and that 

intact neurones, if not the actual site of storage, aro at 

any rate involved in the release moclianism. Possibilities 

include ATP, bradykinin or prostcglandins of the r sorios, 

but further work is necessary to test thoso, possibilitios. 
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ATP has, boeri shown to produce contraction of tho guinon-rig 

ileum (see Burnstock 1§ý2 for review), and it is possibi. o 

that it is released in this tissuo from what Durnstoek has 

called 'purinorgic nerves I. However, ATP inhibits tlio 

a rabbit duodenum (Burnstock 1972) and ttioreforo cannot bo 

responsible for the contractions in this tissue. 

Although high concentrations of the antimalarials woro 

required to produce contractions of the smooth muscles, 

relatively small concentrations wore capable of augmenting 

contractions of the chick oesophagus stimulatod through its 

cholinergic parasympathetic nerves. It-is possible that 

this effect was a consequence of an anticholinostoraso 

activity. However, this is unlikely since other anticholin- 

esterases, such as physostigmino and neostigmino, augmont 

the evoked contractions of this preparation only in con- 

centrations that also increase the resting tension (Everett 

1965). There is evidence that the nerves to the chick 

oesophagus can, under appropriate conditions, roloaso an 

unknown excitatory transmitter in addition to acetylcholine 

(Hassan 1969), and. it may be that the antimalarials facilitate 

the effect of nerve impulses in releasing this transmitter. 

Larger concentrations of the antimalarials depressed the 

responses of the chick oesophagus to nerve stimulation. 

This effect can probably be attributed to tho local 

anaosthetic action impairing nervous conduction. The samo 

action may have been responsiblo for abolishing tiro 
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inhibitory rosponso to adronorGic stimulation in tlio 

Finkleman preparation öf the rabbit intestine. Other 

workers have reported a similar inhibitory effect on 

adrenergically innervated tissues and have attributed it to 

an adrenergic neurone blocking action (Jindal 1970; . 
Achari, 

ßanerji and Kapoor 1972). however, the present results 

showed that the effect was not reversed by doxamphhotamino, 

indicating that the adrenergic neurone blockade produced 

differs from the specific type produced by drugs such as 

guanothidine. 

All five antimalarial drugs inhibited contractions of 

guinea-pig isolated tracheal chains produced by acotyl- 

choline, 5-hydroxytryptamine or histamino. This offect too 

can probably be attributed to the membrane stabilising 

actions of the. compounds. 

Relatively low to medium 

proguanil, chloroquine, 

produced contractions of 

uterine strips and , often 

oscillations of tension. 

with the reports of Chen 

concentrations of quinine, 

3Lnd, to a lessor oxtont, pyrimothamino 

isolated oestrogen-dominated 

gave rise to persistent rhythmic 

These findings are in agreement 

and Anderson (1947)* and Joseph 

and Jindal (1957), but at variance with thoso of Jindal 

and Joseph (1957) and Abdol-Aziz et al., (1971)- which claim 

that proguanil and chloroguanil (two drugs which have a 

common metabolite) possess only inhibitory offocts in tho 

uterus. 
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The mochanism of action of tho stimulant action of anti- 

malarials on uterine strips taken from oostrogon-primod 

animals is not frilly known. It resemblod that on tho other 

smooth muscles studied in that it was not blocked by 

atropine, mothysergido, mepyramine or propranolol. All of 

the antimalarial drugs antagonized contractions of tho 

oestrogen-dominated uterine strips induced by oxytocin, 

ergometrine, acetylcholine, 5-hydroxytryptamino, bradykinin, 

potassium chloride or barium chloride. Similar observations 

have been reported by Joseph and Jindal (1957), Garcia et al. 9 

(1968), Kurantsin-Mills and Chinyanga (1972). This 

antagonistic action is probably a consequence of the non- 

specific membrane stabilising action described above for 

other smooth muscle. 

All the antimalarial agents studied always produced dose- 

related inhibitory effects on isolated uterine strips taken 

from pregnant rats and guinea-pigs. This finding is in 

agreement with the work of Goldsmith (1946), Norwin and 

Winkelmann (1962), Dziubinski cat a1, (1962), Stono (1962), 

Klumpp (1965) and Abdol-Aziz ot al., (1971). Tho ©ff©ct is 

probably attributable to the local anaesthetic activity of 

the compounds. No basis for the abortifacient action of tim 

antimalarial drugs was revealed in the present study. It 

is possible that this involves release of prostaglandins 

and/or some other mediators. The failure of indomothacin 

(an inhibitor of prostaglandin Synthesis) to antagoniso the 

stimulant effects of the compounds on tho isolated utorino 
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preparations used does not preclude a possible involvement 

of prostaglandins in tho toxytocict action of tho compounds. 

The results obtained from the 'two-chambered organ bath 

experiments' with the vas deferens indicate that all the 

five antimalarial drugs examined possess local anacsthotic 

activity. Lilco the standard local anaesthotics, cocaine 

and lignocaine, low to medium concentrations of all the 

antimalarial drugs augmented the contractions of thu vases 

deferentia evoked by indirect electrical stimulation and by 

exogenous noradrenalino, adrenaline or phonylophrino; 

whilst high doses of the compounds depressed them. The 

observation that the stimulant effects induced by low to 

medium concentrations of the aminoquinolino compounds on 

electrically-evoked contractions of the tissue wore markedly 

reduced by reserpinization of the animals suggests that the 

amino quinoline group of antimalarials release catecholaminos 

from their tissue stores. The results obtained on othor 

mainly adrenergically--innervated muscle preparations (og. 

the isolated central ear artery of the rabbit, rat portal 
% 

vein and cardiac muscle preparations) stronghton this view. 

Nevertheless, the inhibitory effects of all the compounds 

on the electrically-induced contractions of this muscle 

preparation were. not reversed by doxamphotamino. This result 

further strengthens the suggestion made oarlio that the 

antimalarial compounds are not likely to be adronorgic 

neurone blocking agents like guar othidino and bretylium 

(whose inhibitory effects on the vas woro rovorsod by 

doxamphotamine). 
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The effects of the antLmalarial compounds on the blood 

vessels studied were bjphasic and quantitatively similar 

to those produced on the vas deferons. Relatively low 

to medium doses of the agents augmented the electrically- 

0 

induced, or exogenous catocholarnino ovoked contractions of 

the isolated perfused central ear artery of the rabbit, 

and tho spontaneous myogenic contractions of tho rat portal 

vein; whilst high concentrations of the agents inhibited 
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these contractions. As in the vas deforons, the excitatory 

and inhibitory actions of the compounds on the vascular 

tissues are thought to be mediated by the membrane 

stabilising activity of the agents. 0n their own accord, 

the antimalarial compounds dilated the oar artery preparations. 

This vasodilator action probably suggests a direct relaxant 

effect (possibly similar to that observed on other smooth 

muscles studied) either mediated through the vasodilator 

innervation (Hughes and Vane 1967; Kalsner 1974), or more 

likely coupled with their local anaesthetic activity. As 

in the other smooth muscles used, the lack of sensitivity 

of the compounds to any of the standard antagonists employed 

in the vascular preparations (arterial and venous) also 

probably lends further support to the earlier suggestion 

that the antimalarial drugs probably do not exert thoir 

actions through specific receptors. Tho results obtained 

in Sections 3 and 4 of this thesis (soo later) strengthen 

the observations discussed in the present section. 
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SECTION 3 

SKELETAL MUSCLE PHARMACOLOGY OF THE ANTIMALARIAL DRUGS 

1* 
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" 

INTRODUCTION 
6 

3.1 Actions of nuininr' nnri guinidi. no on Mkointn] mu c]. n 

Several investigators have reported the actions of quinine 

and its dextro-rotatory isomer, quinidino, on skeletal 

muscles. Santesson (1892) found that the response of froh 

skolotal muscle to a single stimulus was increased after 

an injection of small doses of a quinine salt. Because lie 

also obtained this 'quinine actions in curarizod frogs, he 

suggested that the action was not on the motor nerves but 

on The skeletal muscle fibre itself. With tetanizing 

stimuli, he further found that the heights of contractions 

were always below normal after the administration of 

quinine, and that the muscle fatigued much parlier and soon 

passed into rigor. He concluded that quinine possessed a 

local action on skeletal muscle, causing fatigue with 

depression of-contractility and irritability. Furth and 

Schwartz (1909) observed that after curarization, small 

doses of quinine increased the responses of cat skeletal 

muscle to electrical stimulation with single shocks. In 

1915, Secher confirmed that quinine and related cinchona 

alkaloids depress totanic contraction and cause early 

fatigue. Smith and Fantus (1916) working with frogs also 

reported that the tetanic response to nerve faradization 

was changed to a single twitch response after quinine, 

although the muscle still responded fully to direct 

stimulation. Piccinini (1920,1922) 
reported that small 

" doses of quinine increased the muscular response of the 
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frog to oloctrical stimulation. In 1923, lirody and 

Sollmann studied tho of$ects of quinidino and other 

cinchona alkaloids on some skoletal muscle proparations 

and observed that quinine and quinidino had strikingly 

similar effects. They concluded that quinine and quinidino 

caused a depression of the response of frog muscle, this 

being manifested by lowered contraction, more rapid ffitiguo 

and prolongation of refractory period. Weiss (1926) found 

that quinine and quinidine prevented the fibrillation of 

skeletal muscle after physostigmine in the dog, and in 

1930, Buchbinder showed that quinidino had an inhibitory 

influence on the fibrillation of the dogts tongue following 

hypoglossotomy. After tests on human subjects (soldiers) 

Vondracek (1932) suggested that quinine increased the 

muscle wörk. not so much through a direct muscle action 

but through an action on the central nervous system. 

Wolf (1936) made the observation that myotonic dystrophy 

could be symptomatically relieved by quinine in human 

beings. Kennedy and Wolf (1937) reported four cases of 

myotonic atrophy favourably influenced by quinine, and 

pointed out that quinino increased the muscular weakness 

in cases of myasthenia gravis. Those workers further 

showed, that noostigmino had an unfavourable offoct upon 

myotonia. Smith (1937) reported three otlior cases of 

congenital myotonia and confirmed the value of quinine in 

the treatment of this disease. ICoib, Harvey and Whitoliill 

(1938) studied eight casos of myotonic atrophy and one 

case of congenital myotonia in patients undergoing quinine 
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sulphate treatment and found that quinind abolished tlly 

spasticity but had no effect on muscular strength. The 

ilivestigato, s further demonstratod that quinino countor- 

acted the effect of neostigmnine in two casos of myastlionia 

gravis and increased the symptoms and signs of the disease. 

This team of workers also showed that noostidmino incroasod 

spasticity in myotonic conditions and directly antagonizod 

the full therapeutic effect of quinine sulphato. 

Later experimental studies have lent more weight to 

Santesson's earlier work and shod more light on the 

pharmacology of quinine and quinidino on skeletal muscles. 

For example, Harvey (1939) studied the actions of quinine 

on mammalian, avian and amphibian skeletal muscles and 

found that it has a number of actions on the skeletal 

niuscle. itselft on tho motor end-plato, and on tho responses 

of the muscle to various other drugs. Ho found that 

quinine caused an increase in the tension response to a 

single maximal stimulus in normal, curarized and donorvatod 

muscles. This mechanical potentiation was accompanied by 

an increase in the amplitude and duration of tho muscle 

action potential. The ability of tho musclo to respond to 

a tetanus was diminished on account of an incroaso in 

refractory period. The excitability at the motor end-plato 

was lowered by quinine, and the ability of a totanus to 

facilitate conduction at the end-plato was reduced or 

abolished. Harvey also found that physostigmino and 

veratrino were no longer able to evoke a ropotitivo 

4. . 
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rosponso to a vinglo stimulus In a musclo which had boon 

troatod with quinino; anti ho wont on to show that tho 

response of the normal mammalian muscle to injected 

acotylcholine was abolished by quinine. He attributed 

the latter phenomenon to a curariform action of the drug 

since the othorwiso very similar response to an injection 

of potassium was only very slightly affected. Oostor and 

Manske (1939) showed that quinine potentiated skeletal 

muscle twitches in low doses, depressed muscle tetanus in 

larger doses, and prolonged the least effective interval 

for the summation of two successive stimuli when administered 

to dogs. They also found that quinine blocked potentiation 

by physostigmino, and also blocked the post-physostiginino 

acetylcholine muscle effects. It produced additional 

depression of muscle twitches in a partially curarizod 

animal, blocked. tho acetylcholine docurarization and 

potontiated donervatod muscle twitch though it blocked the 

effects of acetylcholine on donorvated muscle. Quinine 

has a strong curaro-liko action in cats, blocking trans- 

mission at the rvaromuscular junction and at the superior 

corvical ganglion without interf'oring with tho normal 

liboration of acotyicholino from tho norvo ondinCs (ilarvoy 

1940). Ravin (1940) also found, in tho samo spocios, 

that in small doses, quinine increased the response of 

skeletal muscle to'slow rates of direct or indirect 

stimulation, while depressing the response to high rates. 

With increasing doses of quinine, the rate of stimulation 

required to show depression decreased and finally, 
if 
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depression was evident at all rates of stimulation. Evora 

1argor dogos of quinino"woro required to produco doprossion 

in diroctly stimulated musclo. Quinino nntagonised tho 

action of pliysostigmino on skeletal muscios as effectively 

S as, curaro. Physostigmino was, howevor, not as offoctivo 

in antagonising tho actions of quinino as it was in 

antagonising the actions of curaro. Ravin confirmed that 

quinino inhibited tlio fibrillation of donorvated musclo. 

In isolated phronic nerve-diaphragm preparations, low 

doses of quinidino have been shown initially to increase 

the effect of both nerve and muscle stimulation; in high 

doses quinidine depressed the twitches (Stophonson 

1948; Dutta 1949). Rummel and Schulz (1954) found that 

after quinidino administration, the response to direct 

stimulation was almost entirely abolished while shocks 

administered through the nerve were still effective. 

Lammers and Ritchie (1955) demonstrated that quinine 

increased the peak twitch tension and contraction time of 

the cat solous and tibialis anterior muscles and of the 

frog sartorius muscle. Quinine also decreased the fusion 

frequency of cat solous and tibialis anterior muscles. 

Those workers showed that quinine had no effect on tiro 

maximum totanic tension of the cat solous and tibialis 

anterior muscles, but increased the peak tonsion developed 

during an unfused tetanus. They found that quinino do- 

croasod the maintainod totanic tension of those muscles 

evoked by high frequencies of stimulation, but increased 

tonsion when evokod by low froquoncios of stimulation. 
1, 
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Quinino incrousod tho duration of tlio activo statu of frog 

muscle and Lammars and Rttcli±o assumod that this change 

accountod for tho'obsorvod incroaso in twitch tonsion and 

contraction time. Tubocurarino and physostigmino noithor 

affected the activo statu of frog musclo nor affectod the 

action of quinine on the active state. Quinidino had 

similar effects as quinine on muscular contraction. The 

prolongation of tho duration of tho activo stato thus 

appears to be the cause of the various effects of quinine 

and quinidino on cat skolotal musclos. 

There is well-documented evidence that indicates curaro- 

liko actions of cinchona alkaloids (for roforoncos, soo 

Goodman and Gilman, 1975)" Although quinino has long 

boon known to possess neuromuscular blocking proportios 

(Harvoy 19+0; Oostor and Maasko 1939; and Mattlaos 1939) 

tho actual mochanism of action is obscuro. Tho most 

favoured mechanism claims that tho drug probably increases 

tho throshold of oxcitability of tho motor ©nd-plato 

through a curaro-liko action. Rocontly howevorp quinidino 

has been reported to interact with muscle relaxants to 

produce prolongod neuromuscular blockade. Schmidt, Vick 

and Sadovo (1962, and 1963), noted that the administration 

of quinidino to a patient just after emergence from 

anaosthosia, in which ciimothyl tubocurarino had, boon used 

as an adjuvant to anaosthosia caused "rocurarization" of 

tho muscios and sines of rospiratory paralysis to roappoar. 

Thos o work-ors found that qui nic13 no lind im off oc t 
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on tho amount of musclo rolaxant roquirod to produco a 

flaccid paralysis of th' neck muscles ('hoed drop tost t) 

in rabbits, but wfion quinidine was given after rocovory 

from tubocurarino, docamotlionium, or suxamotlionium, 

0 
paralysis re-occured. Grogono (1963) also reported the 

return of respiratory paralysis in two pationts when 

quinidino was injected intravenously during rocovory from 

suxamothonium, and the initial rocurarization was also 

observed. }3oero (1964); Katzung and Way (1966); Cuthbort 

(1966); -Way, Katzung and Larson (1967); Miller, Way and 

ICatzung (1967) and Usubiaga (1968) liavo also domonstratod 

both the rocurarizing and potentiating actions of quinidino 

on neuromuscular blocking agents. 

Isaacson, Yamaji, and Sandow (1970) found that raising tho 

pH of the experimental medium (from 6.2 to 8.2) enhanced 

the capability of quinine (0.5 --5 mN) to cause contracturo 

in frog sartorius muscles, and to incr©aso tho rato of 

release of 
45Ca 

during the efflux of the 
45Ca 

slow 

component of these muscles, and they inforrod tliat tho 

observed increase in 
4.5 

Ca efflux represented roloaso from 

the sarcoplasmic reticulum and that the contracturo rosultod 

from this release. Suarez-Kurtz and Paumgartton (1973) 

demonstrated that procaine and totracaine reversibly block 

contractures and the attendant increase in 
45Ca. 

offlux 

induced by quinine (0.15 - 20 nLM) in the sartorius musclo 

of the frog. They further observed that blockade of the 

contracture$ was obtained in normally polarized and in 
" sý 
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depolarized musclos whothor the local anaostliotics woVo 

applied prior to, or, after the elicitation of the con- 

tracture. These authors concluded that procaino and totra- 

caino act as competitive inhibitors of quinine in frog 

sartorius muscle. 
" 

Several workers have reported. the alkaloids quinidino and 

caffeine to have rather similar effects on tonsion develop- 

ment. In particular, low. concontrations of thoso drugs 

have been reported to cause potentiation of twitch tension 

whereas higher concentrations cause contracturos (Axoisson 

and Thosloff 1958; Sandow and Brust 1966; Isaacson and 

Sandow 1967; and Luttgau 1970). It is Generally accoptod* 

that in skeletal muscle, contraction is coupled to 

excitation through the release of Ca++ from the sarco- 

plasmic reticulum (Hassolbach 1964; Weber 1966; Sandow 

1965; Ebashi and Endo 1968). There is a growing body of 

evidence suggesting that agents that modify the contract'. lo 

states of muscle, and that have no relevant effects on the 

cell membrane, do so through their ability to alter the 

calcium binding properties of intracollular storos, in 

particular those of the sarcoplasmic roticulum (Sandow 1965; 

Ebashi and Endo 1968; Bianchi 1961; Isaacson and Sandow 

1967; Weber and Hertz 1968; Isaacson, Yamaji and Sandow 

1970). According to Sandow (1965), Isaacson and Sandow 

(1967), and Isaacson et al. (1970), both quinidino and 

caffeine increase the flux of Ca in living frog muscles 
1}5 

in, association with their effects on contraction. fotli 
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those drugs can induce contracture of frog skeletal muscle 

in the absence of extraaollular calcium (Ilndorsson 1972; and 

Frank 1962). It Eias boon suggested that drugs that 

potentiate twitches and also induce contracturos act 

directly on the sarcoplasmic reticulum to cause a release 

of calcium or cause an inhibition of uptake, thereby 

increasing the free myoplasmic calcium concentration. In 

support of this hypothesis, reports showing that caffeine 

(Weber and herz 1968; and Ogawa 1970) and quinidino 

(Carvaiho 1968; Fuchs, Gertz and Briggs 1968; and Balzer 

1972) can inhibit the binding of calcium by the isolated 

sarcoplasmie roticulum have recently appeared in the 

literature. In order to ascertain a plausible mechanism 

for sonic of the actions of quinine, quinidino and caffoino 

on skeletal muscles, Bätra (1974) studied the effects of 

quinidine and caffeine on calcium uptake and release by 

mitochondria and fragmented sarcoplasmic roticulum of frog 

muscle. He found that quinidine (1 
-2 mM) released con- 

siderable calcium from proloaded mitochondria but had little 

effect on preloaded fragmented sarcoplasmic reticulum. 

Calcium uptake by both mitochondria and sarcoplasmic 

reticulum was inhibited by higher concentrations (2 or 1 mN) 

of quinidine but the inhibition of mitochondrial calcium 

uptake was much greater. With lower concontratior of 

quinidino (0. Z+ mM), thero was no significant offoct on 

calcium uptake by fragmented sarcoplasmic roticulum, but a 

48 per cent inhibition of mitochondrial, calcium uptal: o. 

Caffeine (2 -- 10 mM) inhibited calcium uptake both by 

6 
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mitochondria and fragmontod sarcoplasmic roticulum, and 

horo again, inhibition of uptake by mitochondria was 

greater than by fragmented sarcoplasmic reticulum. In 

contrast to quinidino, caffoino (10 tnN) roloasod calcium 

0 
from sarcoplasmic reticulum and not from mitochondria. 

This calcium releasing effect of both caffeine and quinidino 

increased when the ratio of tho drug and fragmontod sarco- 

plasmic reticulum protein increased. The calcium releasing 

concentrations of these drugs were comparable to thoso 

reported to elicit contractures of living muscle and the 

lower concentrations, which inhibited calcium uptake, were 

comparable to those which potentiated twitches. 

.2 Actions of synthetic antimalarials on skolotal musclo 

The availability of now synthetic antimalarial agents, 

from about the middle of. this century, led to the study of 

their pharmacological actions on various organ systems of 

experimental animals and man. Although the compounds 

differ widely in their chemical structures, somo of thorn 

mimic quinine not only in its action as an antimalarial but 

also in most other pharmacological propertios for instanco, 

antifibrillatory (Burn and Vane 1949; Arora, Sharma and 

Madan 1955), antiveratrinic (Arora 1955), and antihoxol. inaso 

agent (Armitage 1957))" 

Until fairly recently however, not much attention was paid 

to the neuromuscular actions of the synthetic antimalarials. 

is 
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Novortholoss, on the isolated roctus abdominis musclo of 

tho frog, Vano 1949) found that proguanil had a biphasic 

action on contractions of tho muscle evoked by acotylcholino; 

in small doses it augmented the contractions and in higher 

0 concentrations it depressed them. Larger doses of proguanil 

caused the muscle to contract in a doso-rolatod manner. 

Vane also found that the twitch evoked by single maximal 

nerve volleys in the cat sciatic-gastrocnomius preparation 

was depressed by arterial injections of proguanil; this 

curariforin action of the drug was also observed on the 

isolated phrenic nerve-diaphragm preparation of the rat. 

Dallemagne and Philippot (1955) also found that intra- 

venous injections of proguanil inhibited neuromuscular 

transmission in the cat. The inhibitions werd found to be 

more marked in the solous than in the tibialis anterior 

muscle. Similar effects were observed in the dog and rat. 

Recovery from the block was delayed by docamothonium and 

by physostigmine. Where decamethonium administration 

preceded proguanil, they found that proguanil first `in- 

creased the block but thereafter, there was a rapid 

restoration of transmission. If tho block was first 

developed under curare, proguanil intonsifi©d it and thorn 

was no such rapid recovery of transmission. A'rocurarization 

effect of procuanil was also observed whore transmission 

had just recovered from block by either docamotlionium or 

tubocurarine. 
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Growal and Sharma (1960) showed that quinino, quinidino, 

mopacrino and chloroqui'llo produced the same typo of 

depression of twitch tension, tetanus and the acetylcholine 

response of the skeletal muscle. They found that quinine 

was the most potent on the free roctus abdominis muscle, 

quinidine on the frog sciatic nervo-Gastrocnornius 

preparation, and chloroquine on the sciatic norvo-Gastro- 

cnemius preparation of the doe. Those workers concluded 

that chloroquine and mepacrino resembled quinine and 

quinidine in their actions on skeletal muscle and suggested 

that chloroquine and mepacrino might prove superior to 

quinine in the treatmnent; of congenital myotonia. Wislicki 

(1960) injected quinidino intra-artorially into cats and 

found that the drug transiently blocked neuromuscular 

transmission and reduced Gradually (and for more prolonged 

periods of time) peak twitch tension. At low rates of 

stimulation the reduction was preceded by a slight in- 

crease in twitch height. Wislicki concluded that the 

effects of quinine on striated muscle were more cumulative 

as additional injections of the same dose depressed to a 

higher degree both neuromuscular transmission and contraction 

after direct stimulation. 

Jui-Yen (1971) studied the action of chloroquino both 

clinically and oxporimentally on striated musclQs and 

found that chloroquine had a direct blocking action on tho 

neuromuscular junction. This 'chioroquino of. fact1 was 

antagonized by noostigniine but not by calcium. Ho there- 
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foro postulated that chloroquino had a icon-dopolarising 

blocking action at the neuromuscular junction and further 

showed using micröoloctrodo tochniquos, that the action 

potential evokod by direct stimulation disappeared within 

threo minutos Qf chioroquino administration. The blocking 

action of chloroquino appeared to take place neither in the 

nerve nor muscle fibre but at the neuromuscular junction. 

Chinyanga,. Greenberger and Vartanian (1971); Chinyanga, 

Vartanian, Okai and Greenberger (1972), Vartanian and 

Chinyanga (1972) also studied tho action of chioroquino on 

the neuromuscular junctions of frogs and cats. and found 

that chloroquine dopro sod and finally blockod nouromuscular 

transmission in doses as low as those used in clinical 

practice. Studies on end-plate and action potentials in 

muscle fibres and in single nerve fibres indicated that the 

chloroquine-induced depression of neuromuscular transmission 

resulted from depression of the excitability of tho 

electrically excitable membranes of the axon and musclo fibre. 

This effect led to a decrease in the height of the nerve 

action potential and a reduction of transmittor output at 

the end-plate. The mechanism of action of chioroquiiio was 

thus similar to that of local anaosthotics. Ayitoy-Smith 

and Vartanian (1975) studied the effect of chloroquine on 

frog skeletal muscle and found that it had a dual action 

on the muscle. Relatively low doses of the drug inhibited 

cholinesterase, potentiated acotylcholino-induced con- 

tractions of the muscle and antagonised carbachol and 

caffeine contractions, as well as acotylcliolino-induced 
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contractions of osorinizod muscio. High concontration5 of 

the drug antagonized, i. a non-compotitivo, mannor, con- 

tractions evoked by acotylcholino, carbachol, caffeine and 

potassium. The blocking action of chloroquino thus, 

appeared to be duo to its local anaosthotic property and 
0 

or with intorforonco with intra-collular calcium movomonts. 

3.3 Aims of this study 

The present study was carried out in order to systematically 

study the effects of some newer synthetic antimalarial 

compounds on amphibian, avian and mammalian skeletal muscle 

preparations, to compare their actions with those of quinine 

and quinidine and to examine possible mechanisms of action 

of these drugs. 

0 

sq 
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METHODS 
V 

A: I IN VITRO' EXPRRTM NTS 

3.4 Frog isolated rectus abdominis muscle 

Frogs (Rana temporaria) of both soxos, weighing botwoon 

35 and 80 C. ware stunned and decapitated, and tiro spinal 

cord destroyed. The rectus abdominis muscles were isolated, 

divided at the mid-line, and the pair suspended separately 

in 10 ml organ baths containing frog ringor solution 
(composition ff/l: NaCl 6.5; KCl 0.14; CaCl2 0.12; NalICO3 

0.20; Nall 
2PO4 0.01; and glucose 2.0),. maintainod at room 

temperature and continuously aerated with a mixture of 5% 

carbon dioxide in oxygen. The muscles wore subjected to a 

resting tension of 1 g. and wore allowed to equilibrate for 

a period of 45 - 60 minutes before they wore exposed to 

drugs. Doses öf the drugs wore administered soquontially 

(non-cumulatively); contractures of the tissue evoked by 

drug additions were recorded isometrically by moans of 

Devices force-displacement transducers (typo UPI) q pro- 

amplifiers (model N12P) and a two-channel pon recorder 

(model N2R). Aftor'washing out each drug by throo additions 

of solution, relaxation of the tissue was aided by gently 

pulling on the thread which attached the tissue to the 

transducer. Doses were repeated at regular intervals of 

10 or 15 minutes. 
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2.5 Chick iyolateci bivontor-cerV1 cß g nerve-mttacln 

, 
fir parztion w 

Young chicks aged between 3 and 15 days after hatching) 

were killed by deep other anaosthosia. Paired bivontor 

corvicis muscles were isolated according to the method of 

Ginsborg and Warriner (1960). The preparations were 

separately sot up in 1.0 nil organ baths containing Krebs- 

Honseleitssolution (composition g/l: NaC1 6.92; KCl 0.34; 

NaII2P04 0.15i NaHCO3 2.1; MCC12 0.11; CaC12 0.26; and, 

glucose 1.0), maintained at 32°C and continuously gassed 

with a'mixturo of 5% carbon dioxide in oxygen. Tho muscles 

were electrically stimulated indirectly, or directly, with 

bipolar platinum ring electrodes (similar to those described 

by Burn and Rand; 1960). The preparations were subjected 

to a resting tension of 1.0 g and allowed to equilibrate 

until the forceof contraction was stable (usually 30 - 60 

minutes). Indirect stimulation was offoctod by placing the 

electrode around the muscle tendon and stimulating with 

rectangular wave pulses of 0.1'- 0.2 msoc duration at a 

frequency of 0,1 11z and supramaximal voltage of 5- 10 volts 

delivered from an SRI stimulator. Direct stimulation was 

applied with the same electrode positioned on the musclo 

using square wave pulses of 0.1 msoc duration at a froquoncy 

of 0.1 Hz and at supramaximal voltage sufficient to elicit 

contractions equal in amplitude to the indirectly--ovokod 

maximal twitches. Antimalarial drugs wore added cumulatively 

to both directly. and indirectly stimulated muscle proparations. 

In some cxper lmonts, the muscles wore fully or partially 
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curarized (by administoring d-tubocurarino at a doso lovol 

of 2.5 - 8.0 x 10-6N). "Acoty1c}iolino was appliod botwoon 

electrical stimulation in some cases. Some proparntions 

were not electrically stimulated, and those were used to 

invostigato the direct effects of the drugs under study. 

Doth the electrically-induced and drug-evoked contractions 

and contractures of tho muscle were recorded isometrically 

with Devices force-displacement transducers (typo UF1)9 

pro-amplifiers (model 112P) and a two-channel pen recorder 

(model N2R). Doses were repeated whore possible at 

rog*ular intervals of 10 or 15 minutes after 2 or 3 washings. 

-3.6 Rat isolated phronic norvo-hemidiarhragm muscio 

preparation 

Adult albino rats of either sex weighing between 300 and 

800 g were killed by a blow on the head and bled out. The 

phronic nerve-hemidiaphragm muscle preparations were 

carefully isolated according to the method of i3ulbring 

(1916) and wore set up in 100 ml organ baths containing 

Krebs-Henseleit solution, maintained at a temperature of 

370C and continuously aerated with a mixture of 5% carbon- 

dioxide in oxygen. The muscles worn electrically stimulated 

either indirectly, or directly, using platinum wire porspox 

electrodes. Each preparation was allowed to equilibrate- 

until the force of contraction was stable (usually 30 - 45 

minutes after setting up) under an applied tension of 1 g. 

Indirect stimulation was effected via tho phronic nerve 

using rec. tangij, l. ar wave pulses of 0.2 msoc diuratiorn, at a 
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froqu©ncy of 0.1 IIz and a supramaximal voltni o dolivorod 

0 

by a SIfI stimulator. Diroct stimulation was carriod out 

botwoon tho two pöints on the porspox platinum wino 

electrode to which the diaphragm muscle was socurod using 

rectangular wave pulses of 0.1 msoo duration at a frequency 

of 0.1 liz and supramaximal voltages. Antimalarial drugs 

were added cumulatively. Some of the preparations wore 

either partially or fully curarizod (muscles treated with 

2.5 x 10-6 - 1.0 x 10-511 d-tubocurarino). Single doses of 

antimalarial drugs wore administered to curare-treated 

muscle preparations. Doses of drugs were repeated whore` 

possible at regular intervals of 10 or 15 minutes and the 

muscle washed three times after each drug 'addition. 

Electrically-induced contractions of the muscle (twitches) 

were recorded isomotricälly by means of Devices forco- 

displacement transducers (typo UF1), pro-amplifiors 

(modal M2P) and a two-channel pen recorder (model N2R). 

3,7 Determination of anticholinostoraRo activity 

Tho anticholinostoraso activities of chloroquino, primaquino, 

quinine, prog*uanil and pyrimothamino wore determined and 

compared with that of physostiemino by measuring the 

cholinesterase activity of chick bivontor corvicis muscle 

homogenates in the presence of the drugs, using the 

colorimetric method of Elfiman, Courtney, Andros and 

Featherstone (1961). 

I, 
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16 

Chicks aged botwoon 3 and 10 clays wore killed by door 
/ 

other inhalation. T1ieilý biventor corvicis muscles wore 

removed and homogenized with an Ultra Tarrax homoganizor 

(type TP18/2) for 1 minute, using 20 me of tissue per 

millilitro of 0.1 M phosphato buffer of p1I 8.0. The 

homogenate was filtered through fine Gauze into a flask 

immersed in ice; 0.5 ml of the homogonato was added to 

5.1 ml of phosphate buffer, pII 8.0, in a flask and incubated 

at 3.70C for 5 minutes, shaking the solution continuously 

by means of a mechanical shaker. This was continued 

throughout the experiment. After 5 minutes 0.2 ml of each 

of the drugs under study (antimalarial drug or physostigmino) 

was then added and the solution further incubated for 

another 15 minutes. Acotylthiocholino (0.2 ml; 1.0 mii) was 

added to servo as the substrate and samples were taken at 

15 minute intervals for the estimation of anticholinostoraso 

activity. Five minutes before sampling, 0.1 ml of 5.5-. 

dithiobis-2-nitrobenzoic acid reagent was added to 2.9 ml 

of phosphate buffer, pII 8.0, in a photocell, mixed Gently, 

and then 0.2 ml of the incubated solution was added. 

Tho absorbance of the sample was road against a blank at 

wavelength 412 mu using a Unicam SP600 spoctrophotomotor. 

The blank solution was treated in the samo way as the 

solution used for the experiment except that the flask for 

the blank contained 5.5 nil phosphate buffer, pII 8.0, and 

0.5 nil homogenate but no anticholinostoraso agent (anti- 

malarial drug or physostigminc) or acotylt iocholino. 
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'rho determination is based on thu following rouctiotis: 

1. Acetylthiocholino 
'e21zyme) 

thiocholino + acetate 

2. Thiocholino + dithiobisnitrobenzoato -. -+-yellow 
colour 

0 

0 

"r 
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ME IIODS7 

D: ' TN VIVO' EXPERTRENTS 

2.8 Cat experiments 

Adult cuts of either. sex weighing between 1.8 and 3.5 ka 

were anaesthetized with a mixture of chloraloso (80 mg/kg) 

and sodium pentobarbitono(6 mg/k-g) injoctod intro-- 

peritoneally. Each cat was laid on its back on the 

operating table. The trachea was cannulatod but the anima. 

was still allowed to breathe spontaneously (until the 

need arose for artificial respiration). Blood prossuro 

was recorded from a common carotid artory by moans of a 

Statham pressure transducer (model P23AC) coupled to a 

Grass six-channel curvilinear recorder (model 7). Tito 

heart rateg'and in some experiments, the response of tiro 

nictitating membrano to sympathetic norvo oloctrical 

stimulation were also recorded. Drugs wore injocted intra- 

venously through a polythono cannula in the right brachial 

vein in volumes not exceeding 0.5 ml and washed in with 

0.2 ml of 0.9% w1v NaCl solution (normal saline). In somo 

experiments, drugs. worn'injocted intr. -artorially into tho 

femoral artery. In all experiments, injections of normal 

saline were used as controls. However, in cases whore a 

drug was dissolvod in a vohiclo othor than normal salino, 

injections of that vehicle were used as controls. 

" I. 
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3.9 Sol. ous milsclo 
AA 

A skin incision was mado from tlio loyal of tho Acliillos 

0 

tendon to the popliteal space. The solous was separated 

from the neighbouring muscles and its tendon of insertion 

cut. The tendon was attached to a Grass (model 1, 'T03) strain 

gauge coupled to the Grass six--channel recorder. The 

sciatic nerve was exposed, ligated and cut high in the 

thigh. Small shielded bipolar platinum stimulating 

electrodes were placed on the peripheral portion of the 

sciatic nerve. The soleus muscle and all other exposed 

tissues wore lubricated with heavy liquid paraffin (13.? ). 

With the cat supine on tho operating table, the hind limbs 

were clamped in a horizontal position by means of drills 

through their femur, tibia and fibula, Maximal muscle 

twitches were elicited' indirectly by stimulating the 

sciatic nerve at a frequency of 0.1 IIz with roctangular 

wave pulses of 100 usec duration delivered from a Grass 

(model 588) stimulator and about twico the strongth 

necessary to evoke a maximal twitch. In oxporimonts in 

which incomplete totanic contractions were recorded, trains 

of impulses, each of 100 usoc duration, woro dolivorod from 

a Grass (modol S88) stimulator at a froquency of 6 to 7 IIz 

for 1 second and at regular intervals of 10 seconds. In 

somo exporiments, the musclo twitch rocord was intog*ratod 

by moans of a Grass model 7P10A) intograting circuit to 

Give a record of the area under to tension curve. Thu 

rosting tonsion on the muscle (GO to 100 g) wns adjusted 
sq 
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to that which gave tho g, *roatost tension on stimulation. 

a 

3.10 Tibial_is anterior muscl. o 

The tendon of insertion of the right tibialis anterior 

muscle was exposed and cut. The muscle tendon was attached 

to a Grass (model FT10C) strain gauge coupled to a Grass 

(model 7) six-channel"rocordor. The sciatic nerve was 

ligated and cut high in the thiGh and shielded bipolar 

platinum electrodes werd placed on the peripheral portion 

of the nerve. The hind limb was clamped as described for 

the solous muscle preparation. Maximal twitches were 

evoked indirectly by stimulating the sciatic nerve at a 

frequency of 0.1 Hz with rectangular pulses of 100 Usoe 

duration. from a Grass (model S88) stimulator. Those wore 

about twice the strength necessary to evoko maximal 

twitches. In oxporiments in which totanic contractions 

were recorded, impulses at a frequency of 100 11z delivered 

from a Grass (model S88) stimulator for approximately 3 

seconds were used. 

In some experiments, drugs 'wore injoctod antra-artorial]. y 

into the tibialis artery. Closo-artorial injections into 

the tibialis anterior muscle were made by injecting rotro- 

gradely through a polythono camiula tied into tlio cut 

central end of the tibial artery at a point immodiatoly 

distal to the vossols supplying the tibialis antorior 

muscle. The volume of drug solution administered intra- 

0 

I' 
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artorially did not oxcood 0.2 ml and waa wasliod in with 

0.1 ml of normal salino~ Injections of normal saline worn 

used as controls. 

0 
x. 1111 Ni. ctitnti. ng membrane 

In experiments in which the response of the nictitating 

membrane to pre-ganglionic sympathetic norvo stimulation 

were studied, the head of the cat was immobilized by 

placing a wooden support under its neck and securing the 

jaw to a transverse rod. A piece of fine thread was tied 

to the cartilagenous portion of the nictitating membrane 

and the membrane was thon attached to a Grass forco- 

displacement transducer (model FT03c) coupled to a Grass 

(modol 7) six-channel curvilinear pan rocordor. Tho vago- 

sympathetic trunk was carefully oxposod, isolated from tho 

carotid artery and the cervical (sympathetic) nervo Wf9 

then separated from the vagu. s nerve. The corvical nerve 

was ligated and electrically stimulated through bipolar 

platinum wire electrodes. The sympathetic norvo was 

immersed in liquid paraffin and stimulated pro-ganglionically 

through a'stimulus isolation unit' by trains of rectangular 

pulses of 0.5 rsec duration at a frequency of 10 IIz for 

10 seconds, and with supramaximal strength sufficient to 

olicit a maximal contraction of the membrano dolivorod from 

a Grass (model S88) stimulator. The membrane was ropoatodly 

stimulated at regular intorvals of 75 soconds and the con- 

tractions were recorded isometrically. Drugs were 

S. 
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administered intravenously via a brachial voin in volumes 

not greater than 0.5 ml-and washed in with 0.9 WIv NaCl 

solution (0.5 ml). The close interval was chosen such that 

the contractions of the nictitating mombrano had boon 

constant in amplitudo for 10 - 20 minutos boforc the next 
0 

injection. 

. 

ST 
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]RESULTS 

The actions of the fivo chemically different antimalarial 

compounds studied (quinine, cliloroquino, primaquino, 

procuanil and pyriniothamino) were found to bo otrikinCly " 

9 similar on all the skeletal muselo proparations used. 

Hence, in most of the figures shown in this soction, 

representative typical examples wore merely chosen to 

illustrate the general pattern of behaviour of the anti- 

malarial drugs. 

2.12 Effects on frog rectos abdominis musclo 

Chloroquino, primaquino, quinine, proauanil and 

pyrimethamin© all oxhibitod a dual action on acotyicholino 

Ach)-induced contracturos of tho frog roctus abdominis 

muscle preparation. At relatively low concentrations 

(7.5 x 10-7 -1 

""5 
x 10-4 M)v the compounds augmentod Ach- 

induced contractures of the musclo, while aýt higher con- 

centrations 
(2.5 x 10-4 - 2.0 x 10-3M) thoy doprossod tho 

contractures in a doso-rolatod fashion. Whon tho drugs 

were washed out of the bath, their depressant effect on 

Ach-evoked contractures was gradually rovorsod ovor a 

period of 10 - 30 minutes. Low dosos of the agents thic1i 

potentiated the action of Ach reduced carbachol-inducod 

contractures of the muscle, whilst moderato to iligh con- 

centrations of the compounds markedly inhibited cnrbacliol- 

evoked contracturos in a doso-rolatod manner. Figuros !3 

and 44 summarise tho rosults obtained with chhloroquino. 
. s� 
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FIGURE 43 

Frog rectus aboominis muscle. Effects of chloroquine 
(cQ, 5.0 x lo- "M and 5.0 x 10-4M) on Acetylcholine (Ach)- 
induced contractions of frog rectus abdominis muscle 
preparations. The different concentrations of chloro- 
quine (cQ) were added to the bath 10 min before the 
addition of acetylcholine (Ach), Each point is the mean 
of 6- 10 observations. The vertical bars represent see. 
of means. 
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FIGURE 44 

Frog rectus abdominis muscled Effect of chloroquine 
(CQ, 5.0 x 10-5M and 5.0 x 10-4M) on Carbachol-induced 
contractions of frog rectus abdominis muscle 
preparations, The different concentrations of 
chioroquine (CO) were added to the bath 10 min 
before the addition of carbachol (Garb), Each point is the mean of 5-8 observations, and the vertical bars denote s. e. of means. 
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FIGURE 45 

Frog rectus abdominis muscl. eo Effect of 
chioroquine (CQ, 1.0 x 10'3M) on potassium- 
induced contractions of frog rectus abdominis 
muscles. Each point is the mean of 4-7 
observations. The vertical bars represent 
s. e. of means. 
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All doses of the antimalarial drugs used (5-0 x 10-7 - 

1.0 x 10-2M) also antagonized the contractures evoked by 

acetylcholine in osorinized muscle in a non-compotitivp 

manner. The drugs similarly inhibited potassium-induced 

contractures of the muscle (4 -7 preparations for each 

drug) non-competitively. Figure 45 shows the effect of 

chioroquino on potassium-induced contracture of tho musclo. 

On their own accord, moderate to high doses of the anti- 

malarial drugs (2.5 x 10-4 - 1.0 x 10-211) produced doso- 

related, sustained contractures of the muscle. Figures 46 

and 47 show typical traces, and Figure 48 summarises tho 

results obtained. The relative potency of each anti- 

malarial drug in causing a sustained contracture of the 

roctus abdominis muscle was compared with those of acotyl-' 

choline, carbachol and nicotine and the results aro 

summarized in Figure 49.1 

2 . 13 Effects on chick' biventor cervicis nerve-muscle 

preparation 

The results obtained with the chick bivontor muscle wore 

similar to those obtained using the froh roctus abdominis 

muscle preparation. Relatively low concentrations of the 

antimalarial compounds (7.5 x 10-7 - 1.0 x 10-4m) augmented 

acetylcholine (Ach)-induced contractions of the bivontor 

muscle. Physostigmine produced a similar effects riguros 

50 and 51 show typical traces obtained. However, those low 

doses of the antimalarial agents antagoniuod, in a rion- 

compotitivo mannor, muscle contractions evoked by carbachol, 
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potassium and also, Ach-induced contractions of osorinizod 

muscles. FiGuro 52 illüstratos the effect of chloroquino on 

carbachol-evoked contractions of the tissuo. Moderate to 

high concentrations of the compounds (2.5 x 10-4 - 2.0 x 

10-3rz) antagonized, in a non-compotitivo manner, Ach- 

induced contractions of tho biventor muscle (Figure 53)" 

Relatively high doses of the agents themselves caused doso- 

dependent contractions (Figures 54 and 55). The effectiveness 

of high concentrations of the antimalarial drugs in causing 

sustained contraction of the biventor muscle was compared 

with that of acetylcholine, carbachol and nicotine, and this 
f 

is summarized in Figure 56. 

Except with quinidine, and occasionally, chloroquino and 

pyrimethamine, low to medium doses (lo. 2.5 x 10 
6-2.5 

x 

10-5r1) of the antimalarial drugs did not produce any 

noticeable effect on twitches evoked by diroct or indirect 

electrical stimulation. Quinidine, in doses of 2.5 x 10 

to 1.5 x 10^4M, and occasionally pyrimethamino in doses of 

5.0 x 10 
6 

to 2.5 x 10-5N9 potentiated muscle twitches 

induced by direct or indirect electrical stimulation. how- 

over., higher concentrations of all the antimalarials (5.0 x 

10-4 - 1.0 x 10-2M) dose-dependently roducod or abolishod tho 

twitches (Figure 57). In all cases, higher doses of the 

antimalarial drugs were required to depress the"twitchos of 

the muscle preparations induced by direct electrical 

stimulation than of indirectly evoked ones. After the 

"p 
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3.55 

twitches had boon completely abolisliod`in the indirectly 

stimulated muscle propaiations, direct stimulation of riio 

same muscles still produced twitches of about 15 - 40 per 

cent of the initial twitch heights See 1i uro 57)" 

0 
i 

Neuromuscular blockade produced by the compounds was not 

reversed by physostigmino (Figure 58 ). Medium to high 

concentrations of all the antimalarials (2.5 x 10 
tE 

- 

1.0 x 10-3M) markedly potentiated the neuromuscular blocking 

actions of d-tubocurarine and suxamethonium. Figuro 59 

shows a typical traco. At the same dose levels, all the 

antimalarial compounds also produced reeurarization of the 

muscle preparations just recovering from full paralysis, 

and also of partially curarized muscles (Figure 60). 

ýý14 Effects on rat phrenic nerve-homidiaphragm muscle 

preparation 

In all the preparations., quinine produced a biphasic effect 

on the twitches of the indirectly and directly, stimulated 

hemidiaphragm muscle. Low to medium doses of quinine 

(2.5 x 10-6 -- 2.5 x 10-4 N) markedly increased tho twitch 

heights whilst higher concentrations (5.0 x 10-4 , 2.0 x 

10-3M) depressed the twitches in a, doso-dopondont mann©r, 

(Fi ere 61 ). In a few non--curarizod preparations (8 - 17 

per cent) low concentrations of chloroquino, prirnaquino, 

proguanil and pyrimothamine (1.5 x 10-6 - 2.5'x 10`51i) each 

4 

slightly potontiated the twitches ovolced by indiroct and 
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direct stimulation. As with ]sigh doses of quinine however, 

high concentrations of those other antimalarial agents 

(2.5 x 10-4 - 2.0*x 10-3M) produced a dose-related, 

curare-like, action on phrenic nerve-homidiaphragm muscle 

preparations. Figures 62 and 63 show typical traces 

obtained. Higher concentrations of quinine, chloroquine, 

primaquine, proguanil and pyrimothamino wore required to 

produce marked depression of twitches evoked by direct 

stimulation than indirect stimulation. Ilowovor, this 

blockade was not reversed by physostigmine (Figure 64). 

0 
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TABLE 

a 

Anticholinosteras-o activities of the antimalarial com- 

pounds and lignocaino compared with that of physostigmino 
in chick biventor muscle homogenates. Each figure 

represents the mean of three determinations. 

Agent 

Mean molar concentrations (I50) which produced 50% 
inhibition of chick 
biventer muscle cholin- 
esterase 

Physostigmine salicylate 2.5 x 10"7 M 

Chloroquine sulphate 2.7 x -1ý 10 M 

Primaquine phosphate 2.6 x 10-4 M 

Quinine Sulphate 2.9 x 10 
4 

M 

Proguanil hydrochloride 4 
"g x 10"4 M 

Pyrimethamino base 6"1 x 10 
4 

M 
(dissolved in equimolar 
lactic acid) 

Lignocaine base 9.3 x 10 M 
(dissolved in acid 
saline) 

v 

SI 
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FIGURE 66 

Anticholinesterase activity. Inhibition of chick biventer 
cholinesterase by physostigmine (Q ), chloroquine (0 ), 
primaquine (v ), quinine (Q ), proguanil (A ), pyrimethamine 
(0) and lignocaine (0), All the antimalarial compounds 
inhibited the chick cholinesterase enzyme in a dose- 
related manner. 
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All tho antimalaridl drugs, in concontrationSof 5.0 x 10-4 

to 1.0 x 10-3M, markodry potentiated the effect of d-tubo- 

curarino and suxamothonium on this musclo proparation. 

Figure 65 illustrates a typical trace. In partially 

curarizod muscles, and also in preparations just recovering 

from full paralysis, the same moderate to high doses of all 

the antimalarials (5.0 x 10+4 - 1.0 x 10-3M) caused r©- 

curarization (as in the chick biventer cervicis muscle 

preparations). In most preparations (89 per cent) doses 

of the antimalarial compounds which produced neuromusclar 

blockade also caused slight but sustained contraction of the 

hemidiaphragm muscle (see Figures 61 and 64). 

_. 15 Anticholinesteraso determination 

The results obtained from colorimetric determinations show 

that all the antimalarial compounds possessed anticholin- 

esterase activity although physostigmino was far more active. 

Figure 66 summarises the results obtained and Table3. shows 

the mean concentration of the antimalarials, lignocaine and 

physostigmine which produced 50 per cent inhibition of chick 

bivonter cholinesteraso. 

3.16 Effects on cat solous rnusclo 

Intravorlous injoction:; of low to medium doses of quinine 

(2 -8 ing/kg) markedly potentiated the twitch rosponsos of 

the solous muscle to indirect electrical stimulation. Oil 

the contrary, higher concentrations of the drug' (10 -- 16 mg/lcg) 
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produced a doso-rolatod reduction of twitch height. In 

a few preparations low to medium concentrations of prima- 

quino and chloroquino (2 -8 mg/kg) independently produced 

slight enhancement of the indirectly evoked twitches of the 

muscle. However, higher doses of those quinolino anti- 

malarial agents (10 
- 16 mg/kg) always depressed the 

twitch heights in a dose-related manner, Low to medium 

concentrations of proguanil (1 -5 mg/kg) and pyrimothamino 

(i 
-6 mg/kg) produced no obvious effect on the twitches 

of this muscle., Higher concentrations of the compounds. 

(8 - 16 mg/kg) inhibited twitch height in a similar 

manner to the quinoline antimalarials (Figures 67 and 

68 ). In all cases, recovery of twitch height depended 

upon the drug injected and always varied directly with the 

extent of depression elicited. The order of recovery from 

twitch depression was pyrimethamine (fastost):: >-proguanil a- 

quinine -chloroquinoýprimaquine. Neuromuscular block 

produced by the antimalarial drugs was not reversed by 

physostigmino (100 - 200 Vg/kg) ea. Figure 69. 

Medium to high doses (ie. 8- 15 mg/kg) of all the anti- 

malarial. drugs deepened the nouromuscular blocking affect 

of intravenously administered d-tubocurarino (150 - 200 

pg/kg) and suxamothonium (25 - 30 mg/kg) (Figure 70 ). 

At the same dose levels, all the antimalarials ttlso caused 

rocurarization of muscle preparations just recovering from 

the full effect, of d-tubocurarino and suxamothonium (Soo 

Figure 71 ). Furthermore, all tlio antimalarial compounds 
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longthonod the rocovory timo of. tho musclo aftor tho 

partial effect of d-tubncurarino and suxamotlionium by 

50 minutes (Soo Figure 70). 

Intravenous injections of moderate to high doses (8 - 16 
0 

mg/kg) of all the compounds also reduced the degree of 

fusion of incomplete tetanic contractions of solous muscle 

in a dose-related fashion. Adrenaline (0.3 
- 0.5 ug/icg) 

also reduced the twitch height, and the degree of fusion 

of incomplete tetanic contractions, of the indirectly 

stimulated soleus muscle. Figure"72 illustrates atypical 

traco obtained. 

_, 17 Effects on cat tibialis anterior muscle 

Intravenous injections of low to medium concentrations 

(2 -8 mg/kg) of quinine potentiated, in a doso-depondant 

manner, twitch height of tibialis anterior muscles evoked 

by indirect electrical stimulation. Higher doses of the 

drug (10 - 16 mg/kg) depressed the twitches. In some of 

the preparations, low to medium doses (2 
-8 me/kg) of 

chioroquine and primaquine independently produced a slight 

enhancement of indirectly evoked twitches of the muscle. 

How©vory higher concentrations of those amino-quinolinos 

(10 - 16 mg/lcg) produced a dose-rolatod depression of 

twitch height (as in the sol©us muscle). 
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Low to modorato concentrations (1 
-8 mg/kU) of proguanil 

and pyrimothamine produced no obsorvablo effoct on the 

twitches whilst highor . doses (10 
- 16 mg/kg) doso- 

dependently inhibited the twitches in a dose-related 

manner. This result is similar to that obtainod. in the 

soleus. Recovery of the muscle twitches was delayed, and 

depended on the amount of twitch depression induced and 

on the agent administered. As in the solous muscle, neuro- 

muscular block elicited by the antimalarial drugs (10 
- 20 

mg/kg) was not reversed by physostigmine. 
1 

As with the effect of low to medium concentrations of 

quinolino antimalarial compounds, adrenaline (5 - 10 ug/kg) 

enhanced the twitch amplitude of the tibialis anterior 

muscle. This action of'adrenaline was inhibited or 

abolished by intravenous administrations of propranolol 

(300 - 400 Ug/kg). Similarly, this dose level of propranolol 

inhibited the twitch augmentation effect of the low to 

medium doses of quinoline antimalarials on this muscle, 

In contrast, the effect of quinine was only reduced by 

about 10 - 20 per cent. 

Medium to high concentrations of all tho antimalarial drugs 

(10 - 16 mg/kg) markedly deepened the neuromuscular blocking 

actions of d-tubocurarino (150 - 200 Vg/kg) and, suxamotiionium 

(25 - 30 mg/kg) on the tibialis anterior muscle. In tho 

sane dose range they also caused rocurarization of the 

tibialis antorior muscle preparations which were just 
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Nictitating 
Membrane 

a 

200 

H, R0 
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" mm Hg 

0 

- 

rry"ýy 
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FIGURE 76 

Anaesthetized cat. Effect of primaquine (PQ, 10 mg/kg, 
injected intravenously at the upward arrow) on the 
electrically-induced contractions of the nictitating 
membrane (upper panel), and on the heart rate (middle 
panel) and arterial blood pressure (lower panel) of an 
anaesthetized cat. 
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rocovoring from oithor partial, or full, blockado by 

d-tubocurarino and suximothonium (as in tho solous musclo, 

Figures 70 and 71). In similar dosos, those compounds 

lengthened the recovery time of the muscle (as in the 

soleus) by 3- 45 minutes, depending on tho compound 

injected and the dose administered (see Figure 70). Furthor- 

more, in'medium to high doses (8 
- 16 mg/Ice), all the anti- 

malarials'decreased, in a dose-dependent manner, the maximum 

amplitude of tetanic contractions and also caused a fade of 

maintained tension (Figure 73). 

Close-arterial injections of all the compounds (10 - 16 

mg/kg) produced dose-related decreases in twitch height 

evoked by indirect electrical stimulation. Recovery was 

much delayed (by 10 - 130 minutes). Figures 74 depicts a 

typical trace obtained. Moreover, the responses of the 

muscle to acetylcholine (5 -7 Pay by close-arterial 

injection) were inhibited, or abolished, by these doses. 

(Figure 75). 

In these concentrations (10 
- 16 mg/kg) all the antimalarial 

drugs studied reduced the height of contraction of the cat 

nictitating membrane evoked by indirect electrical 

stimulation in a dose-related manner. (Figure 76 shows a 

typical trace obtained) and, at all concentrations (1 - 20 

mg/kg), decreased systemic arterial pressure and heart rate. 

The cardiovascular effects of antimalarial drugs are 

examined, in detail in Section 4 of this thesis. 
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DISCUSSION 

o 
The results obtained in this study demonstrate the 

pharmacological effects of some antimalarial compounds on 

various skeletal muscles and shod some light on their 

" possible mechanism of action. The ability of the agonts, 

at relatively low to medium concentrations, to potentiate 

Ach-inducod contractures of the froh roctus abdominis and 

chick biventer muscles is probably a consequence of their 

anticholinesterase activity. The results obtained from 

the anticholinesterase determination lend support to this 

conclusion, which is in agreement with the work of Blaschko, 

Chou and Wadja (1947), Wright and Sabine (1948), and other 

more recent investigators (Garcia, Miyares and Sainz 1971, 

Ayitey-Smith and Vartanian 1975). however, at those 

particular dose levels, the agents might also be augmenting 

Ach-induced contractures of the muscles by inhibiting Ca2+ 

uptake into the sarcoplasmic reticulum (Batra 1974). 

Nevertheless, the suggestion that the effects are mediated 

through an effect on cholinesterase is strengthened by the 

observation that doses of the compounds which potentiated 

Ach-induced contractures were either without offoct on, or 

inhibited, carbachol-induced contracturos of the same muscle 

preparations. 

The non-competitive inhibition of carbachol-and"potassium- 

evoked contractures, as well as of Ach-inducod contractures 

of physostigmine-treated muscles, probably indicates a non- 
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specific antagonism. This may suggost that tho action 

might not involve a drug-receptor interaction. Similarly, 

the non-compotitivo antagonism of Ach-inducod contracturos 

by moderate. to high doses of all the antimalarials may also 

be due to a "non-spocific" effect of the drugs. 
I 

The dose-related contractures of the froh roctus and chick 

biventer cervicis muscles caused by moderate to high con- 

centrations of all the antimalarial drugs can probably 

best be explained in terms of Ca2+ release from the sarco- 

plasmic reticulum. It is now generally accepted that in 

skeletal muscle, contraction is coupled to excitation 

through the release of calcium from the sarcoplasmic 

reticulum (Hasselbach 1964; Weber 1966; Sandow 1965; Ebashi 

and Endo 1968). It has also been suggested that agents 

that induce contractures, and potentiate twitches, act 

either directly or indirectly on the sarcoplasmic roticulum 

to cause a release of Cat+' or an inhibition of its, uptak©, 

thereby increasing the free myoplasmic Ca2+ concentration 

(Carvalho 1968; Fuchs et al., 1968; Weber and IIorz 1968; 

Ogawa 1970, Balzer 1972, and Batra 1974). Of all the anti- 

malarials studied, only quinine and quinidino have boon 

reported to cause a release of Ca 2+ 
at moderate to high 

dose levels, and to cause an inhibition of Ca2+ uptake at 

relatively lower doses. Iiowov©r, sinco all tho, anti- 

malarial compounds investigated produced similar effects 

on sk©letal muscle, it is likoly that high doses of all 

the synthetic antimalarials, like quinine and quinidino, 
sq 
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causo a release of Ca2+ from calcium storos in tho skolotal 

muscles in an as yet obscuro way. This Ca2+ releasing 

effect of the antimalarial agents would account for the 

contractures of the frog roctus and chick bivontor muscles 

0 
produced by moderate to high doses of the compotulds. 

All the antimalarial drugs studied affected the twitches 

of both slow and fast-contracting musclos inducod by 

electrical stimulation. The potentiation of the twitch 

heights of electrically stimulated chick bivonter corvicis 

and rat hemidiaphragm muscles by relatively low to medium 

concentrations of quinine has been thought to be probably 

due to the ability of the drug to inhibit Ca2+ uptake, and 

thereby to increase the free myoplasmic Ca2+ concentration. 

Low to medium doses of other antimalarials that also 

potentiate the-twitch height are also likely to exert their 

action through a similar mechanism. 

High concentrations of quinine and of all other anti- 

malarials caused a dose-dependent depression of tlio twitches 

and also induced sustained contractures of the muscles. 

Tho depressant curare-like effects of all the compotuids on 

electrically evoked twitches of the muscles is probably 

related to their local anaesthetic activity (Chinyanga, 

Greenberger and Vartanian 1971; Chinyanga, Vartanian, Okai 

and Greenberger 1972; Vartanian and Chinyanga 1972) whilst 

muscle contraction induced by the drugs is possibly duo to 

a Cat+-releasing action of the compounds. 
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0 

Potentiation of the electrically-induced twitches of tho 

cat soleus and tibial±s,. anterior muscles by low to medium 

doses of quinine (and sometimes chioroqu3. no and prima- 

quine), is again probably duo to their ability to interfere 

with Ca 2+ fluxes and especially its release and uptake. 

However, low to medium concentrations of proguanil and 

pyrimethamine did not augment the twitches of the cat 

skeletal muscles. It may be that these two latter drugs 

are not as potent as quinine, chloroquino and primaquino 

in causing a release of Ca2+ from the sarcoplasmic roticulum, 

or in causing an inhibition of Ca uptake. On the other 
2+ 

hand, the dose-related curare-like depression produced by 

high concentrations of all the antimalarials in the cat is 

probably attributable to the local anaesthetic action of 

the drugs. This observation is in agreement with the work of 

Chinyanga et al, (1971,1972) and. Vartanian and Chinyanga 

(1972). 

Medium to high concentrations of all the antimalarial com- 

pounds potentiated the action of muscle relaxants and neuro- 

muscular blocking agents. The exact mechanism-of this 

effect is still obscure but may be related to their local 

anaesthetic action. The recurarization alwaya produced by 

the antimalarials on skeletal muscles just recovering from 

either a partial or a full effect of d-tubocurarino may also 

be due to this action by producing neuromuscular blockade 

of those muscle fibres spared by d-tubocurarino. 
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All the five antimalarial drugs studied independently 

produced a depression of tontanus in the tibialis anterior 

muscle and also interfered with its maintenance. Similar 

observations with quinine were made by Harvey (1939). 

Oester et al., (1939) attributed this effect to a curaro-liko 

action, a prolongation of refractory period and a decrease 

in muscle excitability. However, it is of interest that 

physostigmine produced similar effects though in much 

lower concentrations. Since the antimalarial agents have 

also been shown to possess anti-cholinosterase activity 

Wright and Sabine 1948; Blaschko of al., 1947; Garcia of al. 0 
1971; Ayitey-Smith and Vartanian 1975), it is likely that 

this action on the tension and degree of fusion of totanic 

contractions of the cat tibialis anterior muscle is mediated 

through an anticholinesterase mechanism. 

Femoral arterial injections of medium to largo doses of all 

the antimalarials produced two-fold effects on both the 

soleus and the tibialis anterior muscles of cats: 

1. A sharp and dose-related decrease in the twitch 

amplitude-of the indirectly stimulated muscles. 

, 
This depression persisted for a long time (30 - 
120 minutes), especially after primaquino and 
chloroquine, and is probably caused by a 

, 
quick 

depression of neuromuscular transmission; 

2. A slowly-developed decline in muscle tonsion which 
is presumably due to the affect of the drugs on 
the biochomical procossos of tho musclo. 

1« 
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Similarly, all the drugs blocked the response of the 

tibialis antorior muscl*d to intra-arterially injoctod 

acetylcholine. Since it in ujua1iy assumed that any drug 

that acts post-junctionally (©g. tubocurarino) will block 

the tibialis anterior muscle response to intra-artorially 

injected acetylcholine, it is likely that, in modium to 

high doses, the antimalarials act post-functionally. 

Adrenaline enhanced electrically-induced twitches of the 

tibialis anterior muscle. This observation is in 

accordance with the findings of several investigators 

(West and Zaimis 1949; Brown, Goffart and Vianna-Dias 

1950; Goffart and Ritchie 1952; Montagu 1955; Bowman and 

Zaimis 1955,1958,; Bowman, Goldberg and Raper 1962; 

Bowman and Raper 1962, '1965,1966,1967). It is Gonorafly 

agreed that this effect of adrenaline is independent of 

neuromuscular transmission and is exerted on-the muscle 

fibres themselves. Because this effect of adrenaline can 

be blocked by propranolol, it is further aarood that the 

effect of this catecholarnine is mediated through beta- 

(ß. -) adrenocoptors, (bowman and Raper 1967). Rolatively 

low to medium doses of the aminoquinolino antimalarials 

acted like adrenaline and enhanced oloctrically-ovokod 

twitches of the tibialis anterior muscle. This effect was 

partially antagonized by propranolol. It is however un- 

likely that this action of the antimalarials involves a 

release of catecholamines, either locally or from the 

adrenal medulla, because the compounds produced a doso- 
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dependent dooroaso in blood pressure and heart rato, 

whereas adrenaline and -noradrenaline produced dose-related 

increases'in blood prossuro and in heart rato, It is 

therefore likely that this effect of low to medium doses 

of quinine and aminoquinoline antimalarials is oithor duo 

to a release of Cat+, or inhibition of Ca 2+ 
uptake, or 

both. It is also probable that propranolol moroly 

antagonizes the effects of the compounds on the muscle in 

a non-specific way. 

During the incomplete tetanic contractions of the solous 

muscle, fusion and tension are markedly reduced by 

adrenaline. These effects are independent of the con- 

comitant blood flow changes in the muscle (Bowman and 

Zaimis 1958; Bowman and Raper 1962,1967). Medium to high 

concentrations of all the antimalarials acted like 

adrenaline on this muscle. They reduced tho. -twitch 

heights, ' tension and the dogreo of fusion of incomploto 

tetanic contractions. However, it is unlikoly that 

catecholamines are involved in this action of the anti- 

malarials. This idea is strongtzioned by tho fact that 

injections of any of the antimalarial compounds producod 

a dose-related fall in blood pressure and a docroaso in 

heart rato, and also inhibitod contractions of tho 

nictitating membrane induced by sympathetic nerve 

stimulation, whereas noradronalino and adrenaline produced 

opposite effects. 
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All tho antimalarial drugs invostigatod roducod tho hoight 

of contraction of the cät nictitating mombrano evoked by 

indirect electrical stimulation. This observation is in 

af, *roemont with the result obtained by Vane (19149) for 

0 proguanil. This action is probably linked with their local 

anaesthetic activity. 

From the experimental evidence presented in this section, 

it appears that all the antimalarial drugs, have a similar 

action on skeletal muscle. In human subjects, both 

therapeutic and high doses of the compounds induce nouro- 

muscular weakness. As local anaesthotics, they prosumably 

block neuromuscular transmission by interfering with the 

release of acetylcholine in response to the nerve action 

potential. Their ability to potentiate competitive and 

depolarizing muscle relaxants is also probably mediated 

through the same mechanism. The antiveratrihic (membrane 

stabilising) properties of the antimalarials have boon 

invo6tigatod by Arora (1955), and it has been shown that 

amodiaquine (camoquine), chloroquine (avlochlor) and 

mopacrine are more-potent than quinine in this respect. - 

This probably indicates that among the antimalarial drugs, 

tho depressant property is related to this mombrazi© 

stabilising property (Grewal and Sharma 1960). Quinine 

is currently being used as a drug of choice in the treat- 

mont of various typos of myopathios, especially congonital 

myotonia, because of its membrane stabilising action 

(Arora 1955). As there seems to be a correlation between 
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tho doprossant action of the antimalaria. is and t oir 

mombrano stabilising action (Arora 1955), and in view of 

" the fact that chiaroquino and primaquino are more potent 

and have a more prolonged action than quinine, the two 

aminoquinolino drugs might prove more effective than 

quinine in the treatment of congenital myotonia and allied 

clinical conditions of skeletal muscle dysfunction 

(Arora 1955). It is hereby sug ostod thorofore, that 

chioroquino and primaquine deserve clinical trials in those 

diseases. 

" t" 
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INTRODUCTION 

0 

r 
11,1 Actions of uinidinc ant; uýnino on carding treu cl. n 

There are relatively few documented reports on the cardio- 

vascular actions of the antimalarial drugs in literature. 

Most of the work done concerns quinidino, the doxtro» 

rotatory isomer of quinine, 'which has Long boon established 

as an anti-dy5rhythmic drug, and is claimed to bo the most 

active of the cinchona alkaloids in reversing cardiac dys- 

rhythmias (Wonckeback 1923). The renewed interest in 

quinidine for clinical purposes dato3 from 1918 when troy 

described its effects, in auricular fibrillation. Since then, 

there have been many attempts to analyse those effects in 

laboratory animals and in man. Many investigators have 

studied the effects of quinidine on the size of the auricle 

and ventricle, blood pressure, vagal and sympathetic tone, 

peripheral circulation, sino-atrial (S-A) and atrio- 

ventricular (A-V) conduction and the refractory period of 

the heart. 

Lewis (1921) reported that quinidino depressed excitability, 

slowed conduction velocity and heart rate, increased the 

refractory period and caused a decrease in vagal tone of 

the heart muscle. In 1937, Starr, Gamble, Nargolios, 

Dona]., Joseph and Eagle found that larger doss . of quinidino 

accelerated the heart rate. This vago]. ytic effect was felt 

to be a potential drawback in certain situations where the 

drug had to be admi. nistered to man, Gold (1950) rcviawed* 
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the pharmacoloCy and clinical uses of quiniciino in tho 

treatment of cardiac dysrliyt}imins. Subsequent reviews 

have been published by Sokolow (1951), Conn (1964), Lyon 

and De Graff (1965), X3011 of (19719 1972) and Aviado and 

Salem (1975). 

The well-known anti-dysrhythmic activity of quinidino has 

been suggested to be due, at least in part, to its in- 

fluence on the refractory period. Besides the lengthening 

of the refractory period induced by quinidine, a reduction 

of conduction velocity might also play some part (I oschi, 

Marks and Dutta 1969). According to Iloistrachor (1971). 

quinidine probably increases the refractory period by 

reducing membrane permeability for Na+ and K+ ions during 

excitation, thereby inhibiting the Na+/K+ - activated 

ATP-ase. The interference of quiniclin. e with lipids 

(riokler and Nathur 1968) has been thou&ht to contribute to 

the diminished membrane permeability. 

Experimental evidence has shown that quinidino has a 

bipllasic action on myocardial contracti]. o forco. A 

positive inotropic effect of quinidine has boon reported 

in rat and guinea-pig isolated right atria (hruta 1964), 

and in the rabbit isolated right atrial preparation driven 

at a low frequency (Kennedy and Wust 1969). After the 

administration of low to moderate closes o:! ' qu: i. nidino 

1.0 x 10~ Tiýý 'e-iot]. er and Struboit (1971) and Lamoi jor 

and Zwloten (1911E) also obtained an i. ncroa2c : iii riorit. L. Itc tile 
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force of isolatod, Floctricully Stiniulut; od guinoa-pig atria. 

Zotlor and Strubolt (1991) attributod tho positivo inotropic 

action of quinidino on cardiac muscle to the release of 

cndogonous catecliolaminos. Lamoi jor and Zwioton (19711 

found that the small increase in contractile forco brought 

about by quinidino (a maximum of 10% of tho initial valuo) 

remained unchanged after 3 mg/ltd; resorpino pro-treatment, 

oven though this level of roserpinizatioü markedly blocked 

tho action of tyramino (10-5 to 10-4M). On the basis of 

this observation, these workers disagreed with the early 

hypothosis of Zotler and Strubolt (1971) rogarding t ho 

possible mechanism of action of quinidino's positive ino- 

tropic effect an the haart. Iiimori and Taira (1976) havo 

similarly reported that low doses of quinidino 0.01 - 

0.1 mg) produced a positive inotropic effect in blood- 

perfused canine papillary muscles. Thoso investigators 

observed that the positive inotropic effect of quinidino 

was not modified by a dose of propranolol which inhibited 

completely the positive inotropic response to noradronalino, 

and therefore suggested that the effect of quinidino is 

unlikely to be mediated via an adrenorgic mechanism. The 

authors thought that the positive inotropic response of 

lower doses of quinidino might be duo to an increase in the 

availability of calcium ions for the contractile machinery 

since it has boon shown that in the dog heart quinidino 

causes the release of calcium from the sarcoplasmic 

reticulum and mitochondria and inhibits the uptake of calcium 

4 1w 
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ions by those organolles (Fuchs, Gertz and Triggs 1968). 

w 

On the othor hand, quinidino, in high dosos, is generally 

accepted to be an agent which depresses the contractility 

of the heart (Parmley and Braunwald 1967; rlierzwiak, 
4 

Mitchell and Shapiro 1967; Covino and Shannon 1969; 

Goodman and Gilman 1975; Himori and Taira 1976). According 

to Iiimori and Taira (1976) the negative inotropic offocts 

of quinidine may be a consequence of the total imbalance 

in tho oxtra-collular or intra-collular mobilization of 

calcium ions needed for maintenance of myocardial con- 

traction. 

Quinine, the prototype antimalarial agont, shares all the 

aforementioned pharmacological actions of quinidino. 

2 Actions of synthetic antimalarial compounds on cardiac 

muscle 

The anti-dysrhythmic and cardiovascular actions of tho 

synthetic antimalarial drugs - the 4- and 8- aminoquinolines 

and mopacrino, proguanil and pyrimothamino - havo also boon 

investigatod. The anti-dysrhythmic action of chioroquino, 

primaquine and mepacrine has boon demonstrated, among othors, 

by Arora (1955); Arora, Sharma and Madan (1955); Arora and 

Madan (1956) ; Arora, Madan and Pathai: (1956) ; Sranabria 

(1955) ; Iloss and Schmidt (1959). T ho cardiac offocts of the 

antimalarial compounds have boon attributed to their 

membrane stabilising action by Arora (1955) and Arora of sal, 
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(1955). Thos o authors obs prvod that tlto n. ntimalarial 

aGcnts as a Group prolo-aged t ho conduction time and 

refractory period'as evidenced by lengthening of P-Q anti 

Q-T intorvals of the ECG rospoctivoly, and nino reduced 

tlio lioart rato. 
4 

1ý 
,3 Actions of other guinolino nntima inr: 

ial R on cnrc H tic 
nlusclo 

Altarwal and Arora (1956) found that cliloroquino and 

amodiaquino wore offcctivo in halting auricular fibrillation 

and attributed this affect to their antichioliiiorgic action. 

Chloroquino has been shown to oxort a more effective anti. 

fibrillatory action in the heart than quinidino (Arora ot 

all 1950. The fibrillatind-combating properties of 

chloroquin© were studied by Arora and his colleagues (196) 

in mongrel dogs with atrial flutter induced by the injury- 

stimulation procedure using quinidino sulphato and 

procainamido as roferonco standards. Tho avorago total 

dose of chlöroquino producing reversion of the flutter to 

normal sinus rhythm was found to be 6.2 mC/kC, whilst dosos 

of 21.1 mg/kg of quinidino sulplxato and 33 mg/kg of 

procainamid© woro required to produco equivalent offocts. 

In a few other reports, amodiaquino and primaqüiiio ]iavo 

been shown to be more effective than quinidino in reversing 

atrial fibrillation (Arora and Madan 1956 ; Aroea, Madan 

and Pathak 1956; Arora and Madan 1956). In 1960, Arora and 

Arora showed that amodiaquino Possessed quinidino-liko 

1' 
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action on tho refractory period of isolated rabbit atria 

und in clots had a stronj; or antifibrillatory action on 

ncotylcholino-induced atrial ýibxýillutioýx titan quinidino. 

These invostiLators also roportod that amodiaquino differed 

from quinidino in not protecting against epinephrine- 

induced ventricular dysrhythmias and in causing a greater 

slowing of conduction rate and loss prolongation of the 

refractory period. In a separate report, Arora and Madan 

(1956) showed primaquino to be more effective than quinidino 

in protecting dogs against atrial fibrillation induced by 

the topical application of aconitino and against atrial 

flutter caused by crush stimulation of the atria, but did 

not show protective action against opinoplirine-hydrocarbon- 

induced ventricular dysrhythmias. Those workers further 

showed by studying the eloctrocardiognunthat primaquino 

increased the refractory period and conduction time of 

heart muscle more than quinidino. In 1959, Hess and 

Schmidt showed that intravenous injections of chloroquino 

were capable of terminating aconito-inducod atrial 

fibrillation in the open-chest dog preparation. Those 

authors claimed that chloroquino and quinidino worn oqually 

effoctivo in depressing the resting excitability of isolated 

cat papillary muscle. Tho workers furtl3or observed that 

chloroquine depressed conduction velocity very little 

compared with quinidino, and that although the muscle 

recovered from the chloroquino-inducod depression, it 

showed little recovery from the effects of quinidino. In 

exporimonts by liess and IIauGaard (1956) and Hoss (195't 
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with rat heart slices and homogunates, it was found that 

whilst quinidino and quinino strongly depressed oxygen up- 

take and Glucose utilisation, chloroquino and procainamido 

had no such depressant effects. Sanabria, Carbonell and 

Soto (19,59) studied the actions of chloroquino on the 

enzymes of the conduction system in the dog heart and 

found that it inhibited succinic dohydrogonase. Such an 

inhibition was not apparent after injections of quinidino 

or procainamido. Since the enzyme should net in the Krebs 

cycle on transformation of succinic acid to fumaric acid, 

it was assumed that inhibition of this enzyme would render 

the energy required for conduction of the cardiac impulso 

unavailable. Those workors therefore suggostod that the 

anti-fibrillatory action of chloroquino could bo attributed 

to this enzyme inhibition effect. Holland and McCutchoon 

(1962) also observed that amodiaquino and primaquino wore 

as effective as quinidine in shortening the duration of 

oxporimentally-induced atrial fibrillation but wore morn 

potent anti-dysrhythmic agents than quinidino. 

In 1968, Jindal, Pandya and Kolkar found that amodinquino, 

and to a lesser extent chloroquino, increased the sensitivity 

of ventricles to adronalino-induced dysrhythmias and 

abolished the cardio-inhibitory response to acotylcholino. 

Those authors attributed the former effect to n release of 

noradronaline from tissue amino stores. Sovoral other 

investigators have also roportod tho myocardial affects of 

antimalarial compounds. Chloroquino, cliloroquino quinotliolnto 
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and chloroguanido liavo boon shown to dopross myocardial 

contractility, atrial nxtsclo oxcitability and cardiac out- 

put in laboratory'animals (Aviado, Inohi and Clio 1968a; 

Aviado and Rollet 1969; and Aviado, Sadnvonlvivad and 

Cambar 1970). 
4 

In recent; years, the importance, of adonosino as an important 

constituent of blood capable of influoncing myocardial 

contractility and coronary blood flow has bocorno increasingly 

obvious (eg. Berne 1964). All tho antimalarial drugs, 

although chemically dis-similar, possess anti-dysrhythmic 

properties (Durno, Duistoin and Di Palma 1954; Nottloton, 

Poyser and Shorter 1974). One mechanism has boon offered 

to explain the cardiac effects of those drugs. Madinavoitia 

and Ravontos (1949) reportod that antimalarial drugs can 

block somo of the oloctrocardior; raphic offocts of adenosino. 

The status of the anti-dysrhythmic activity of primaquino 

and othor 8-aminoquinolines remained rolativoly uncertain 

until quite recently. Burno of a, (1954), reported the 

ability of pontaquineto prevent experimental dysrhythmias 

in cats. Arora and Madan (1956) confirmed the anti-dys- 

rhythmic effect of pontaquino in dogs and noted that 

primaquine and pentaquino had a similar action. The sub- 

sequent observations of Angolakos and llognauor (1959) 

failed to indicate any such activity of those 8-amino- 

quinolines. Dass p Ramirez and Aviaclo (1972) have demonstrated 

the anti-dysrhythmic activity of primaquino and other - 

arninoquinolines. Ventricular fibrillation induced by 
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chloroform inhalation was provontod by protroatmont of tho 

oxporimental animals with primaquino or any ono of tim 8. 

aminoquinolinos. 'Thoso invostigators furthor found that 

primaquino antagonized somo of the cardiac effects of 

adenosine (bradycardia and atrio-ventricular block) and 

suggested consequently that the drug might bo doprossine 

the heart muscle in a mannor reported previously by Nadi. - 

naveitia and Ravontos (1949) and Dass and Aviado (1972). 

Therefore, Bass et al, (1972) concluded that primaquino 

like all other 8-aminoquinolinos, depressed cardiac muscle. 

These authors claimed further that primaquino blocked 0- 

adrenergic receptors as shown by its depression of tho 

cardiac muscle response to isoprotoronol. They observed 

a reduction in blood pressure in response to common carotid 

clamping And to hypoxia'and attributed this to depression 

of a, central sympathetic pathway (as also postulated by 

Moe, Peralta and Seevers (1949). In conclusion, Bass of 

1, (1972) assumed that primaquino probably interfered with 

the cardiovascular system at two distinct sitos, viz: 

(1) ß-adronorGic blockado in tho heart, and 
(2) central blockado of pathways rosponsiblo for a 

rise in blood pressure. 

1ý 
,4 Actions of non-guinoline nntimalinrial. drugs on 

cardiac muscle 

The actions of non-quinolino antimalarial aaonts on cardiac 

muscle have boon investigated by a number of workers. 
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Vuna (191 9) studiod tlio action of proaunuil (pal. uclrin o) 

on tho hoart and cardioi: ascular system and found that tue 

drug lengthened the refractory period of cardiac muscle. 

Wlion ho compared the activity of tho compound with that of 

i 

quinidino using Dawes's method, paludrino was found to bo 

approximately one-eighth as active as quinidino in prolonging 

the refractory period of the myocardium. On the isolated 

perfused cat heart (Langendorff preparation), paludrino was 

found to inhibit the amplitude of contraction and rate of 

beating of the heart in a doso-dopendont mannor. This 

inhibition was accompanied by coronary dilatation. Paludrino 

was also observed to depress both contractility and rate of 

isolated rabbit auricles. At the same time, tho normal 

inhibitory action of acetylcholine was found to be chanced 

to stimulation. Burn and Vane (1949 further established 

that acetylcholine would restart auricles whose boating was 

stopped by paludrine. Anti-fibrillatory ©ffocts of proguanil 

and pyrimothamine have boon reported in a number of other 

Heart muscle preparations (Burno of al, 195l; Armitago 

1957; Armitago and Burn 1957; and Arora and Madan 1956). 

Proguanil and pyrirnethamine, unlike the quinölino anti- 

malarial compounds (quinine, quinidino, cliloroquino, amodia- 

quino and primaquino), have not boon shown to possoss any 

sympathomimotic offocts (soo Chen and Andorson 1947; Vann 

19119; Gior]. otl: a 1950; F3urno pt n. t, t 1954; Jindal )9,56; 

Arora and Madan 1956 ' 1956 ; and Abclol-Aziz, barrar and 

Idris 1971). Tho findings of tiioso oarlior worlcors have 

been recently strengthened by Nettleton, Poys. or and Shorter 

P 
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(1974+) who obtained neither a rise in blood prossuro, nor 

cardiac acceleration, following the intravenous udministrat: lon 

of pyrimotliamino (3 - 10 me/Ica) to dogs. Armit go, D urn 

and Gunning (1957) studied the influence of some anti- 

malarial substancos on olectrically-inaucod vontricular 

fibrillation of tho isolated rabbit heart. Those authors 

found that the antimalarial compounds chioroquino, mopacrino 

and pyrimethainino arrosted persistent ventricular fibrillation 

and rostored a normal rhythm. In 1970, Matsuo, Ruiz, Smith 

and Aviado demonstrated that pyrimothamin© provontod chioro- 

forum-induced dysrhythmias in mice, reduced cardiac output 

in anaosthotized dogs and depressed ventricular function in 

dog heart-lung preparation. They also found that chronic 

administration of pyrimothamino prolonged ropolarization 

time, depolarization tim© and cycle longth of the trans- 

membrane action potential of rat atrial muscle. Those 

workers further showed that pyrimothamino had no offoct on 

the catocholamine content in the hearts of mice. 

1ý. Influence of ionic fluxes on cardiac musclo effects 
of antimalarial clruas 

The role of acotylcliolino in normal and abnormal cardiac 

dysrhythmias has now boon well documented. Acetylcholine 

can induce auricular fibrillation under certain conditions 

(Burn, Vaughan Williams and Waller 1955), and according to 

Briscoe and Burn (1954), the aziti-fibrillatory action of 

quinidino could be mediated through some intorforonce in 
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the mechanism of acetylcholine. Dawes (1952) observed that 

a negative after potential in heart muscle was decreased by 

acetylcholine. Pdludrino and quinidino reduced t ho acotyl- 

cholino content of the brain and heart, and gave some 

protection against minimal electroshock seizures in rats 

(Dose, Saifi and Sharma 1963). Several authors have shown 

that acetylcholine could sbimulato the offlux of potassium 

and influx of sodium in myocardial tissue (Dammor 1953; 

Burgen and Torroux 1953; Conn and Wood 1960; Holland 1957a, 

1957b, Johnson and Robertson 1957; and Shanos 1959). It 

has boon reported that quinidino depresses this ionic flux 

(Conn and Wood 1960; Holland-1957a, 1957b). Holland and 

licCutcheon (1962) observed that the ionic changes caused 

by acetylcholine were also depressed by amodiaquino and 

primaquino. The actions of proguanil and quinidino on 

isolated rabbit atria, particularly their antagonism of 

acetylcholine, have boon described in detail (Burn and 

Vane 1949; Briscoe and Burn 1954; and McKondriek and 

Godfrey 1959). The two chemically unrelated antimalarial 

compounds apparently antagonized the action of acotylcholino 

in a similar manner and changed the action of acetylcholine 

on the atria from the usual inhibitory action to a stimulant 

one. A few authors have shown that the action of quinidino 

and other antimalarial substances on cardiac musl. co largoly 

depends on the i* and Na+ ion concantrationa oftho 

surrounding medium. Armitage (1957) s}iou od that the 

depression of amplitude and rate of contractions of the 

isolated perfused rabbit heart and of isolated rabbit atria 
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produced by pyrirnothamino, chloroquine and mopacrino t3vemod 

to be due bo a diminution of the permeability of the cardiac 

muscle momb-rane to K+, since it could be reversed by lowering 

the external K+ ion *concentration. The dopro lion cnused -by 

paludrine was not reversed in this way. IIowover, thin 

depression, even when it proceeded as far as arrest, was 

also always revorsed by acetylcholino. During oxposuro to 

any of the antimalarial compounds tosted, Armitage (1957) 

found that the normal inhibitory action of acetylcholine was 

converted to a stimulant action. This stimulant action of 

acetylcholine was assumed to be duo to its effect in 

increasing the permoability of the membrane to K+. Proguanil 

therefore resembled quinidine and was thought to produce its 

action by reducing the permeability of the coil membrane to 

gAnother possible explanation would be that since acotyl- 

choline causes myocardial depression via muscarinic mochanism, 

and since proguanil and quinidine have been shown to possess 

atropine-like actions, it is possible that the drugs block 

muscarinic effects of acetylcholine and thereby mal: o acotyl- 

choline available to cause a release of noradronalino from 

cardiac stores. Armitage found that after arrest by 

chloroquine, mepacrine and pyri. mothamino, the atria always 

failed to respond to electrical stimulation, whereas after 

arrest by quinidine, they usually responded to electrical 

stimulation. He concluded that the action of quinidino and 

other antimalarial compounds in arresting fibrillation might 

be due to their offocts in diminishing the Permeability of 

the cell membrane to K+, and thus lessening cl}-srli. ythmogczni c; 
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offlux of. K*. Altarwal and Deshmaiýl: er 1960) studiod the 

influence of Na+ ion concontration on the action of quinidino 

and some other antimalarial drugs on frog cardiac muscle. 

Thoy found that quinidino, procainamido, proguauil and 

0 
chloroqu_ine all doprossed frog ventricular contractions g 

but low Na+ potentiated the cardiac depressant action or 

quinidine, procainamide and paludrino and reversed that of 

chioroquine. These workers further observed that high Na+ 

and low K+ reversed the cardiac depressant action of 

quinidine. 

Sides and Wittels (1975) have demonstrated that primaquino 

is capable of inhibiting the short-circuit curront which lins 

boon shown to be a measure of not transopitholial sodium 

flux (Leaf, Anderson and Pace 1958). Those authors further 

found that primaquine specifically inhibited the sodium- 

potassium sensitivop magnesium-doponden't adonosino tri- 

phosphataso (Na+' K+-ATP aso) that is commonly associatod 

with the transport of sodium (Skou 1965). Erythrocytes 

exposed to primaquino have been shown to lose K+ and Cain 

Na+ in an almost 1: 1 exchange without undorgoing con- 

comitant changes in thoir redox, systoms (Wood, Ebor and 

Rothstein 1961). Those findings are compatible with an 

inhibitory effect of primaquino on erythrocytic Na+t K+- 

ATP aso. Quinidine, which has in common with primaquino 

the basic quinoline ring structure, has boon found to 

inhibit the Na+, 
, 
K+-ATP aso activity in preparations of ' 

rat skeletal musclo (Ells 1961k) and toad cardiac muscle 
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(Kennedy and Naylor 1960. The ability to inhibit Na+f 1{+. - 

ATP aso, therefore, could be a property shared by the 

quinolino antimalarial compounds (Sides and Wittols 1975). 

4 
.6 Actions of nuinidino. and clu9. nino on blood prossuro 

and the peripheral circulation 

It has been established that in human beings and experimental 

animals, especially dogs, the intravenous or oral adminis- 

tration of quinidino produces a fall in blood pressure 

(Ferrer et al, 1948; Waal 1966; Farmar and Levy 1968). Tho 

fall in blood pressure is usually coincident with an increase 

in leg volume and a decrease in pulmonary arterial pressure 

(Jackson, Friedlander and Lawrence 1922), and with a decrease 

in peripheral resistance (Forror, Harvey, Worko, Drosdalo, 

Cournand and Richards 1948). In dogs, intra-artorial 

injections of quinidine reduced perfusion pressure in the 

perfused gracilis muscle and hind paw (Schmid, Nelson, 

Mark, Hoistad and Abboud 1974). Thus the fall in blood 

pressure produced by quinidino is largely duo to peripheral 

vasodilation. Iiimori and Taira (1976) have also domonstrated 

that quinidino caused a dose-related increase in blood flow 

of the isolated blood-perfused canino papillary muscio. 

Several investigators have attributed an adronorgic mechanism 

to the action of quinidin© on the cardiovascular system. 

The drug has been shown to reduce prossor rosponsos to 

adrenaline (Nelson 1928; Hiatt 1950; Lu 1951) and it has 

p 
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been suggested that quinidino blocks alpha .. 
( a-) 

adrenoceptors (Conn and Luchi 1964). however, cliangos in 

blood pressure responses produced by this drug did not 

permit Schmid of alp (1974) to make definite conclusions 

regarding the mechanism of action of tho drug on the cardio- 

vascular system. Droifus, Rabbino and Watanabe (i61i. ) have 

also attributed the depressant effect of quinidino on the 

cardiovascular system to an adronergic blocking activity 

of the drug. Angelakos, Daniels and King (1960 later con- 

eluded that this offoct was due to an alpha -( (x-) but not 

a beta -( ß-) adrenergic blocking action of quinidino. 

Additional, but indirect, evidence that quinidino might 

influence sympathetic control of vascular tone was provided 

by the observation that the drug increased the volume of 

innervated, but not donervated, canine hind-limb (Lu 1951; 

Schmid of al, 19711) . 

Schmid et n1, (1974) found that the intravenous administration 

of quinidine markedly reduced vasoconstrictor responses to 

sympathetic stimulation and to noradronalino in canino 

gracilis muscle and hind-limb paw. Clinically, those 

workers observed that therapeutic doses of quinidino in man 

caused vasodilatation in fore-arms of subjects und 

significantly reduced constrictor responses to intravenous 

norepinephrine and to negative pressure in lowor"part of 

the body. It also produced hypotension. Those authors 

interpreted their results as indicating that quinidino 

' interfered selectively with vasoconstrictor stitnuli (which 
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presumably activated alpha -- ( a-) adrenergiq receptors) 

and suggested that this mochaiiism, as well as a passible 

direct vasodilator offect of the drug, might have caused 

the vasodilatation and Hypotension observed. 

lt_. 
_7 

Actions of other guino_lino nntimo. lnrß_n]. cirut*s on 
blood pressure and peripheral circulation 

Amodiaquino and chloroquine have boon reported to produce 

both a transient hypotension and a moderato potentiation 

of the pressor action of injected catecholarninos in does 

(Jindal 1956; Jindal and Joseph 1958). In 1968, Jindal 

and co-workers observed that in anaesthotizod does pro- 

treated with either doxamphetamine or mothylamphotamino, 

intravenous injections of amodiaquino and chloroquino 

always produced a somewhat sustained rise in blood pressuro 

after an initial transient hypotonsion. They found that- 

this pressor response was severely reduced by the alpha 

( a-) adrenoceptor blockers tolazolino and dibozano; to 

additional administration of pronothanol, a bota ( ß-) 

adronocoptor blocking agent, totally abolished the pressor 

responses. Thus, amodiaquine and chloroquino appeared to 

evoke pressor responses through an adrenorgic mechanism. 

In conclusion, however, those authors suggested that the 

pressor effects of these quinoline antimalarials might be 

mediated (to a large extent) through a release of 

catecholamines from the tissue stores but seemingly not 

from the adrenal medulla and that the amines could be 
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released in the vicinity of receptor sites and not into 

the general circulation. In separate reports, Jindal and 

Joseph (1958), and Pandya, Jindal and X611tar (1969) 

demonstrated that chloroquino and amodiaquin© potentintod 

tho pressor responses of injected adrenaline and nor- 

adrenaline in dogs, and suggested that thoso drugs might 

be liberating catocholamines from the tissue amino storos 

and may block noradronaline re-uptake. Doshpando and 

Tiwaskar (1964) have also reported tho hypotonsivo affects 

of chloroquine in experimental animals. The resultant severe 

decrease in blood pressure following chloroquino admin- 

istration was not blocked by atropine or antihistaminic 

drugs, and was long-lasting. These workers further observed 

that the pressor action of adrenaline was not affocted by 

chloroquine and they therefore thought that the hypotonsivo 

offect. of chloroquine is likely duo to its depressant 

action on tho heart. 

Actions of non-guinoline synthotic antfmalarinl 

compounds on blood pressure and poripirnral c1 rcui ration 

In anaesthetized animals, Vane (1949) found that intravenous 

injections of proguanil (paludrino) caused a transient fall 

in blood pressure. This author further observed that in 

the dogts hind-log perfused with blood, the drug produced 

vasodilatation and increased the outflow of bloöd. The 

vasodilatation was diminished by neoantergan, an anti- 

histaminic agent. Vane also found that paludrino niit- 

agonized the action of adrenaline, both on doj; 's perfused 
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hind-limb and on cat blood prossuro. 

pressure in anaesthotizod cats caused 

administration of*paludrino (4 mg/kg; ) 

Wg/kg) was reduced by the injection o 

the antihistaminic agents neoantorgan 

Tlio fall in blood 

by tho intravonous 

and 2iistciruino (10 

C bonadryl. Thus, 

and bonadryl, 

reduced the vasodilatation and hypotonsion caused by 

paludrine. The action of adrenaline on dots porfused log 

and cat's blood pressure was also found to be inhibited by 

paludrin6. 

1i. 9 Cardiovascular actions of antimal_nria. l driug*s 3n mnn 

The actions of the commonly used antimalarial aGonts on the 

human cardiovascular system aro well-documented. Cliloro. 

quine has been employed at various times in the treatment 

of dysrhythmias as an alternative drug for quinidino. 

Burrell and Martinez (1958) found that chloroquino and 

hydroxychloroquine were effective in the therapy of cardiac 

dysrhythmias in man. These authors found that the side 

effects of chloroquine appeared to be fewer and loss 

pronounced than those of quinidine and quinine. When 

chloroquine was administered intravenously in two patients 

with atrial fibrillation, Sanghvi (1956) found that the 

fibrillation was converted to atrial flutter. He assumed 

therefore that the slowing of the atrial rate appeared to 

be duo to a vagolytic action and an increase in the 

refractory period. Sanabria (1955) roportod 35 casos of 

dysrhythmias treated with chloroquino and observed 
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favourablo offocts in only about 50ö of t}io population 

studied. On the other `hand, Chon and Cliou (1959) reported 

that in six out of thirteen pationts, ectopic rhythm dis- 

appeared and there was marked improvement in five others. 

In the experience of those authors, cases which demonstrated 

poor response to chloroquino also showed poor rosponso to 

procainamido and quinidine. Rollot (1961) obsorvod, when 

the effects of chloroquino and quinidin© wore compared in 

the same patients under similar conditions, that chloro- 

quino proved to be less dependable in abolishing or 

suppressing ectopic beats. 

While the toxic effects of chloroquino in man have boon 

intensively studied and recognized, its precise offocts on 

the heart and general circulation in acute poisoning have 

been poorly documented. This is largely due to its rapid 

lethal effect (Don Michael and Aiwazzadoh 1970). However, 

Bess and Schmidt (1959) found that the drug reduced the 

excitability and conductivity of cardiac muscle but not 

the velocity of the cardiac impulse. They found that 

chioroquine had a potent myocardial depressant action. 

This effoct was thought not to reside in the quinolino ring- 

although the latter was considered as the cause of vaso- 

dilatation (liess 1954). At a cellular lovely chloroquino 

blocked the enzyme succinic dehydrogenase in coils of con- 

ducting system and thereby interfered with the Krebs cycle 

(Di Palma 1960). Although its acute action on the cardio- 

vascular system has been poorly documented, it is a known 
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anti-dysrliytlimic agent and has also boon used in t ho 

treatment of angina pectoris (Sanabria, 1955). It has boon 

recognized as causing hypotension, and this affect has 

been attributed to peripheral vasodilatation by nisomaii, 

Stoinborg and Altman (1954). The offoct on tlio oloctro. 

cardiogram (ECG) in acute poisoning in man have not boon 

previously documented, although the affects of administering 

the drug' chronically for 1 to 21 days have boon described 

(Scott 1950). Those electrocardiographic affects consisted 

of T-wave inversion, S-T segment depression, and QT pro- 

longation. These effects were rovorsod by potassium. 

/according, to Don Michael and Aiwazzadoh (1970), the 

mechanism of death from chloroquino ingestion would appear 

to be related to a failure of myocardial contraction 

aggravated by bradycardia and the appearance of ventricular 

rhythm in the terminal stages rather than to respiratory 

or vasomotor depression. These authors found that antidotal 

therapy with adrenaline and atropine was highly effective 

in patients with sustained cardiac arrest. Considering 

the reversal of cardiac arrest by adrenaline, they speculated 

on whether or not pro-treatment with sympathomimotic agents 

and atropino would protect against chioroquino toxicity in 

human boings. 

Riseman (1959) clinically investigated the influence of 

somo antimalarials in the treatment of angina pectoris. Ile 

considered that quinine, chioroguine and pontaquino (an 8- 

aminoquinolillo drug related to primaquino) lind a "marled 
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valuo" wb. ilo pro , *uanil (paludrino) was of "littlo or no 

value" in the treatment of the disease. Following therapeutic 

doses of proguanil administered to patients with malaria, 

somo of whom had cardiovascular disordors, Porroni (1953) 

observed no ill effects in any of tho patients and concluded 

that "progxanil is the antimalarial drug of choice for 

Patients with cardiovascular disoases". 

4.10 Aims of this study 

Since the results reported in literature by clinicians and 

laboratory workers are often conflicting, there remains an 

urgent need for further investigations into the actions of 

antimalarial drugs on cardiac muscle, systemic blood pressure 

and the peripheral circulation. The series of experiments 

described in this suction were therefore dosignod to: 

ý1) Study the offocts of reprosontativos of the 

major classes of antimalarial drugs on cardiac 

musclo and on the circulatory system of some 
laboratory animals; 

(2) Attempt to explain the mechanisms of the known 

effects-of the drugs on the heart, and circulation, 

og. the anti-dysrhythmic and hypotonsivo actions 

of the drugs; 

(3) Examine the hypothesis that,. 

(i) primaquino and other 8-aminoquinolino anti- 

malarials possoss ß-adronoceptor blocking 

activity on tho myocardium, and 

(ii). that quinidine (and quinine) block oithor 

a- or (or both) adroioceptors in 
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vascular smooth-muoclo. 

(1ýý Find out if - tho chronic toxic offocts of t1lo 

agents- which oi`ton rosult in dottthh could bo 

explained in torms of their action on tho cardio 

vascular system. 

it 

I 

0 

lk 
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METHODS 

9 

A: I IN VITRO'. EXPER: 1MENTS 

11.11 Isolated cardiac muscle propnrntion8 

All the isolated cardiac musclo preparations were, sot up in 

10 ml organ baths. The tissuos wore suspended in Krebs- 

Jiensoleit salt solution of the following composition (in 

r1I) : NaCl 118; NaIICO3 25; CaCl2 2.52; KC1 4.7; MCC12 1.2; 

Na1I2P04 1.28; and glucose 5.55, bubbled with carbogon-5% 

carbon. -dioxide and 95% oxygen and maintained at 32°C. The 

preparations were allowed to equilibrate, under an applied 

resting tension of 0.5 - 1.0 g, until the force and/or rate 

of contractions were stable (usually 30 - 60 minutes after 

setting up). The force of contractions wore recorded iso- 

motrically by means of Devicos force-displacement trans- 

ducers (Type Uri), pro-amplifiers (Model M2P) and a two- 

channel pen recorder (Model M2R). 

4.12 Guinea-pig isolated atria 

ýa; 
ý 

Spontaneously-boating preparations 

Male and female guinea-pigs of the Dunkin Hartley strain 

weighing betwoon 300 and 650 a. worn killed by a sharp 

blow on the back of the head and blod out. Tho hearts 

were quickly excised and placed in a potri-dish containing 

oxygonated Krebs-IIonseloit solution at room tompornturo. 

Intact right and left atria were carefully dissected out 

in one piece free from ventricular and connective tissues p 
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and avoiding damage to tho Paco-makor rogion. 'rlioy were 

tlion suspended in 10 ml. organ baths containing Krebs- 

ilensoloit solution maintained at 32°C and continuously 

aerated with Barbogen. Each preparation (moan weigh: 235 + 

21 mg) was subjected to a resting tension of 0.75 g. and 

left in the organ bath until the spontaneous contractions 

were stable before challenging with drugs. Drugs wore 

usually added to the bath in a cumulative manner and washod 

out three times after the maximum response was attained. 

Doses were reproated whore possible at regular intervals 

of 10 - 1,5 minutes after the last washing. 

The spontaneous amplitude and rate of contractions, as well 

as drug-ovoked responses of the tissue were recorded 

isometrically as indicated earlier. The rate of contraction 

of the atrial strips in the absence, and in the presence, 

of drugs was estimated at a paper speed of 10 mm soc-1. 

ýb)ý Eioctrically-driven preparations 

The loft atrium was carefully dissected froo from ventricular, 

connective and right atrial tissues, impaled on a thin 

platinum wire electrode and placed in a 10 ml organ bath 

containing Krebs-Ilensol©it solution at 32°C continuously 

, gassed with 95% 02 - 5% C02 mixture. The atrium was driven 

electrically with square wave pulses of 5 msoc duration at 

a frequency of 2 Iiz and with supramaximal voltago of 5- 10 

volts delivered from SR1 stimulators. Pairod preparations 

(ono control p. nd one treated) wore set up to allow for 

changes in sensitivity- The tissues wore placed under a 
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4 

resting . tension of 0.5 -- 0.75 a and allowed to equilibrate 

(usually for a period of 30 - 45 minutes after mounting) 

until the force of contractions becamo stablo boforo they 

were treated with drugs. Drugs wore usually administered. 

to the bath cumulatively and doses were repeated whore 

possible at regular intervals of 10 - 15 minutes after 

three washings. 

The electrically-induced contractions, and drug-evoked 

responses of the tissues, were recorded isomotrically as 

described above. rast recordings were made at a papor 

speed of 10 mm see-1. 

13 Reserpinized guinea-pins 

Some of the experiments were carried out on atria taken 

from guinea-pigs treated with reserpine (5 mg/kg body 

w6 ght injected intraperitoneally) 18 - 24 hours'boforo 

sacrifice. Satisfactory reserpinization was confirmed by 

the absence of positive inotropic responses to the indirectly 

acting sympathomimetic amine tyramine (3 x 10-5ri). 

4,1'11 Measurement of the properties of antimalarial com-, 

pounds in antagonising the effects of isopronzlino, 

noradrenaline and calcium in electrically-driven loft 

atria 

Cumulative dose-response curves (usually 3) worn obtained 

with dither isoprenaline, noradronalino or calcium until 

reproducible responses were obtained. Dose-response curves 
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to tho particular agonist were than ropoatod, thirty 

minutes after the administration of the anbimalariul agent 

to the organ bath. Throe concontrations of antimalarial 

drug were used in each preparation. The responses were 

expressed as a percentage of the maximum of each agonist 

cumulative-dose-response curve and doso-raties between the 

third control value and the curves obtained in the prosonco 

of the test drug were calculated at the 50 per cent level. 

Special note was made of any change in the absolute maximum 

response obtained with the agonists. Calculations of pA2 

values for antagonism of the positive inotropic response 

to (-) noradrenaline and (-) isopronalino were carried out 

by the method of Arunlakshana and Schild (1959) and the 

slope of the plots for each agonist/antagonist pair 

calculated by computer regression analysis. The rosponsos 

to calcium were treated similarly to give 'apparent pAti 

values' in order to give some indication of relative 

antagonist potency of the antimalarial drugs against this 

agent. 

,ý Rabbit isolated papillary muscle 

Rabbits of either sex weighing between 1.8 and 4.0 lc; were 

killed by a blow on the back of the head and bled out. The 

hearts were quickly removed from the thorax and placed in 

a beaker containing Krebs-Iionsoleit solution at roam 

temperature. Papillary muscles, ranging in longth from 

4+. 1 to 6.2 mm (mean 5.3 mm) and weighing botwoon 2.2 and 
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11.9 mg, worn oxcisod from tlio right vontric1Gs. 77io 

isolated papillary muscles werd impaled on thins platinum 

wird electrodes and suxspondod in 10 ml oraan baths con- 

taining Krobs-Iiensoleit solution, maintained at 32°C and 

continuously aerated with 5% carbon-dioxide in oxygen. 

The muscle preparations werd electrically stimulated with 

roctangular,, wave pulses of 5 msoc duration at a frequency 

of 2 IIz and supramaximal voltages of 5- 10 volts delivered 

from SR1 stimulators. Th6 isolated muscles were subjected 

to a resting tension of 0.75 - 1.0 g and allowed to 

equilibrate for a period of 30 - 45 minutes until the force 

of contractions were stable before they woro exposed to 

drugs. Drugs were usually applied cumulatively followed 

by three washings. Where possible, doses were repeated at 

regular intervals of 10 - 20 minutes after the last washing. 

Paired muscle preparations were always sot up. In somoo 

casos, papillary musclos wero isolated from rabbits pro- 

treated with roserpino (5 mg/kg body woight as doscribod 

earlier for guinea-pies). The eloctrically-ovolcod con- 

tractions, and drug induced rosponsos, of the isolated 

muscles wore recorded isometrically. Fast recordings wore 

mado at a papor speed of 10 inm socwl. 

4.16 Determination of nntidysrhyt}imic nctiyi_ty of nntti- 

malarin]. compounds 

Tho antidysrhythmic activity of tlio antimalarial drugs was 

assessed by measuring the effects of the compounds on 
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maximum driving frequoncy (rinn) and on offoct±vo rofr ictory 

period (ERP) of guinea-pig isolated electrically drivon 

left atrial preparations. 

Guinea-pig loft atria were isolated, set up and stimulated 

as described above. The mothod used was essentially that 

described by Dawes (194+6) and consisted of increasing the 

stimulation froquoncy. until tho atrium could no longor 

respond to each separate stimulus. This maximum driving 

frequency (MDF) is inversely related to the affective 

refractory period (Ellis 1956). In this investigation, 

control runs (at a paper speed of 10 mm sec-1) were 

carried out at 30 minute intervals until consistent moa1uro- 

monts of MDR' wore obtained. The test drug was then addod 

to the organ bath and the procedure repeated 5,10j 20 or 

30 minutes later. Changes in maximum driving froquoncy 

were expressed as percentages of the control value. Quini- 

dine was used as the standard drug and lignocaino was also 

used for comparison. 

11.17 Calculations 

The maximum driving froquoncy (rinn) and tho offoctivo 

refractory period (ERP) were calrulatcd as follows: 

Suppose the control stimulation frequency at wh c1i atrial 

contraction no longer followed the froquoncy of 9titnulation 

7.0 Iiz, then the maximum driving frequency (MDT`) :. 7.0 

seer' and the effective, refractory period (1 RP) =0 Sec 

143 msoc. 
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Drugs which decreased the maximum driving froquoncy ; nd 

increased the effective refractory period wore roCarded as 

possible antidysrhythmic agents. 

14.18 Onaba 3 n-induced dysr1iythmin s (5ý___mmnrti i. and Lim 1 c)6" 

Cardiac dysrhythmias were induced in male and female guinoa- 

pies (350 -ý' 700 a) and cats (1 
.5-3.5 Ica) ttnaostliatizod 

with intraperitoneal injections of sodium pantobarbitono 

(60 mg/kg). The method used in those experiments was 

adopted from that of Somani and Lum (1965). The jugular 

veins of the guinea-pigs and femoral veins of the cats were 

cannulatod for hoparin (200 units/kg) and drug administrations. 

In all cases, ouabain-induced ventricular tachycardia was 

elicited by an initial loading dose of 50 pig/kg intra- 

venously. This was followed 10 to 20 minutes later by 

additional (10 - jig/kg) doses, administorod at five minüto 

intervals, until a persistent ventricular tachycardia 

developed. In experiments involving alpronolol, propranolol 

or antimalarial compounds, the drug was administered intra- 

venously 10 minutes after the ventricular tachycardia was 

established. Each dose of ouabain or tho blocking agent 

was washed in with 0.2 ml of 0.9% tr/v sodium chloride 

solution (normal salino). The oloctrocardiogram (I: CG) was 

recorded (using limb load I or II) by means of an eight- 

channel ink-jot writing recorder (Eiema-Schönandor Mingo- 

Graph 81) and monitored visually with the aid of an HI 

oscilloscope (type 9383). 
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Il: ' IN VIVO' EXPERTMENTS 

4.19 Annestlietizod ontM 

Cats of both soxos weighing botwoon 1.5 and 3.5 k worn 

anaesthetized with an intra-poritonoal injoction of sodium 

pontobarbitono (60 mg/kg). Tho trachea was cannulatod but 

the animal was allowed to breathe spontaneously. When 

necessary, the animals were artificially rospirod with room 

air using a Palmer positive-pressure ventilation pump (rata 

20/min; stroko volumo 40 - 60 ml). Tho volumo of tlho pump 

was adjusted to give an arterial p02 botwoon 80 and 100 mm. 

I1g (measured by using a calibratod Radiomotor electrode 

for details, soo Parratt 1973). A certain dogroo of Iiypo-. 

ventilation was necessary (arterial pCO2 26 +2 mm. fig). 

in spontaneously breathing cats this is 33 ±1 mm Ila 

(Parratt 1973). The right fomoral vain was cannulatod (for 

drug administration) and heparin (200 units/lcg) was given 

intravenously. Additional small doses of the anaostlhotir. 

agent (sodium pontobarbitono) were administered intravenously 

when necessary during the course of the experiment to main- 

tain anaesthesia. Eloctro-cardiogram (,. CG) was racordod 

(using limb lead I or II) and visually monitoroll with the 

aid of an oscilloscopo (I11 0scil-loscopo typo 9383). 

Systemic arterial blood prossuro was rocordod with a capa- 

citanco transducer (Eloma-Scliönandor L'MT 35) frone Ex cathotur 

insorted by way of the carotid or femoral artery such that 

thu tip lay in tho dosconding aorta or in tho aortic nrch. 
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The Elema-Schonandor difforontiator was calibrated by 

measuring the slope of the upstroke of tho prossuro pulse 

(using a paper speed of 250 mm/sac) and both systolic and 

diastolic blood pressures wore recorded. Moan arterial 

pressure was obtained either by electronic integration or 

calculated by applying the formula: mean blood pressure C 

diastolic pressure +3 pulse pressure. Heart rate was 

calculated by counting the pulses from the arterial 

pressure (or from the ECG) record over a period of 10 

seconds. 

In the experiments using open chest cats, a loft thoracotomy 

was performed between the fourth and fifth ribs and positive-- 

pressure ventilation commenced. The chest wall was retracted 

to expose the heart. An incision was made in the poricardium 

which was then pulled upwards and retracted with forceps. 

This procedure caused the apex of the heart to be projected 

towards the opening in the chest. A suturo was passed 

through the anterior surface of the ventricle or through the 

apical region. This allowed the heart to be gently pulled 

while a wide-bore steel needle catheter was inserted into 

the lumen of the loft ventricle by direct puncture of the 

wall. Alternatively, in the closed-chest eato, a poiythono 

catheter was manoouvrod into the loft ventricle vin tho right 

carotid artery. In either case, left ventricular prossuro 

was recorded with a capacitance transducer (EMT 34) both 

at high gain (10 min III = 25 mm; 1 mni Jig = 1-33 mbar), for 

" the accurate assessment of the left ventricular end-clitt.; tolic 
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prossuro (LVEDP), and at a lower ain (100 mm Ji =2$ min 9 
for recording tho full left vontricular pros8uro (LVP) 

pulse. As an index of myocardial contractility, to rate 

of rise of left ventricular pressure with time (dP/dt) was 

determined with an Elma Schänandor differentiating circuit, 

and to correct for changes in after load (Mason 1969), plots 

of dP/dt at different isovolumic pressirres were obtained at 

a paper speed of 1000 mm/sec. Right atrial pressure (RAP) 

was measured using a third capacitance transducer (ENT 33, 

range 0 to 33 mm Jig) from a catheter inserted by way of the 

right external jugular v©in or femoral vain. The gain on 

the final amplifior was such that systemic blood pressure 

and ventricular pressure could be measured with an accuracy 

of 2 mm Iii, right atrial pressure to 0.1 mm IIg, and loft 

ventricular end-diastolic pressure to 0.2 min lit;. The P-R 

interval and QRS duration were measured from tho ECG record 

at a paper speed of 250 mm/sec. All tho above-mentioned 

cardiovascular and haomodynamic paramotors woro rocordod 

by means of an eight-channel ink-jot writing rocordor 

(Eloma-Schonander Mingograph 81). 

Rectal and mid-oosophageal temperatures worn recorded with 

direct recording thermocouples (Ellab, Copoithagon typo TE3). 

Diid-oosophagoal temperature was taken as boing representative, 

of body temporaturo and was maintained botwoon 36 and 38oC 

with heaters situated under the operating table. 

4 
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Some of the experiments waro carried out in, vagotorn1od 

cats. In those animals, bilateral vnt; otomy was porformocl 

by suctioning the two vagal trunks in the cervical region 

of tho animal. 

Drugs wore injected intravenously through the femoral vein 

in volumes not exceeding 0.5 'ml and washed in with 0.2 ml 

of 0.9% W/v sodium chlorido solution (normal. salino). Most 

of the drugs used were disolved in normal salino, lionco 

intravenous injoctions of 0.9% w'v sodium chloride solution 

were used as controls. In. casos whar© tho drugs word 

dissolved in vehicles other than normal salino, intravonous 

injoctions of such vohicles woro used as controls. 

1 
. 20 Anaesthetized f*uinoa-pigs 

Adult guinea-pigs of either sex (100 - 800 U; ) worn anaosthotizo(I 

by intra-poritonoal injections of pontobarbitono sodium 

(60 mg/kg), or occasionally, 0.6 ml/100 g body woight of 

a 25% W/v solution of urethane (othylcarbamato), and allowed 

to breathe spontaneously. The right femoral voin wns 

cannulated (for drug administration) and hoparin (GO units/lkg) 

was immediately administered. Tho right carotid artdry was 

cannulated for the purpose of recording arterial blood 

pressure. 

Systemic blood pressure (recorded by means of a capacitance 

transducer LMT 35) and oloctro-cardiogram (using limb loud 

I or II) were recorded by moans of rin E1oma-Scliönaiidor 
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Mingograp11 81. Moan blood prossuro was obtrtinod from 

oloctronic intoGration of tho pulso prossuro or calcultltotl 

from the formula: 

moan blood prossuro = diastolic prossuro + pulse 

prossuro. 

Heart rate was calculated from the ECG record or from the 

arterial pulse and expressed in beats/minute. 

Drug and control solutions woro administerod intravonously 

as described earlier for the cats. 
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RESTJLTS 

0 

A: ITN ylr120t ExnrRaMENTS 

It. 21 Isolatod cardiac musclo proparat: i_om 

On the basis of their actions on cardiac musclo, all olio 

antimalarial drugs studied have boon separated into two 

groups. The quinolino antimalarial compounds (cliloroquino, 

pritnaquine, quinine and quinidino) form a distinct family 

of compounds with identical actions on the myocardium. On 

the other hand, proguanil and pyrimothamino form another 

class of compounds with strikingly similar actions on carditto 

muscle. In the figures shown in this section, therefore, 

representative samples have boon chosen from each of tho two 

groups in ordor to avoid duplication and roputition. 

4,22 Effects on rate of contraction of isolated spontnnoouRly- 
beating paired atria 

Both proguanil and pyrimothamino at all doso lovol8 uaod 

(1.0 x 10-8 - 1.0 x 10-3M) caused dose-related and relatively 

transient decreases in the rate of boating of guinea-pig 

paired atria (Figure 77 ). On tim othor hand, ouch of tho 

quinolino antimalarial compounds (primaquino, cliloroquino 

and quinine) caused a slight positive clironotropic offoct 

(+5 - 14% of control values) at relatively low concentrations 

(7.5 -s x 10 - 5.0 x 10-5M) and produced a nogativo chrono- 

tropic effect of long duration at concentrations Greater 

than 7.5 x 10'ý5 M. This deprossnnt response of high con- 

centrations of tho quinolino antimalaritnls was still 

l 
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FIGURE 79 

Guinea-pig isolated spontaneously-beating atria. Tho 
chronotropic effects of primaquine (V ), chloroquine (O), 
quinine (0), proguanil (©) and pyrimethamine (0) on 
spontaneously-beating guinea-pig atria. Each point is 
the mean of 5 -- 8 observations. The vertical bars 
represent s. ea of means. 
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2.9 

procoded by a transiont stimulant affect (Sea 1`i uro 78). 

This positive chronotropic offoct was abolished by dl. 

propranolol (2.5 x 10_6M) and was not soon in atria taken 

from reserpinized animals. Treatment of the Atria with 

cocaine (1-5 - 5.0 x 10-6 M) before the administrtýtion of 

tho quinolino compounds, did not altor the positivo 

chi^onotropic effects of the drug-s, Fur. thormoro, the docrutnsos 

in the rate caused by all the antimalarials was not affected 

by previous administration of either atropine (1. - 2.5 x 10"6rt) 

or dipyridamole (2.1 x 10-6 M). Figure 79 summarisoo the 

effects of each antimalarial agent on this isolated tissue. 

11 23 Effects on tension developed by eloctr. icall y-driven 

loft atria 

Chloroquine, primaquine and quinine caused a positive ino- 

tropic response at low doses (5.0 x 10-7 - 5.0 x 10-5ri). 

This stimulant response was abolished by dl-propranolol 

(2-5 - 5.0 x 10-5N) and by roserpino pro-troatmont (rig*uro 

80). In addition, prior administration of cocaino (2.5 x 

10 ^6M) inhibited the positive inotropic response caused by 

the quinoline antimalarials as wolf as that evoked by 

tyramine (5.0 x 10-6 - 3.0 "OX 10-5N). Higher dosos of the 

quinoline drugs (concentrations over 7.5 x 10-5ri) causod 

a dose-dependent negative inotropic rosponso which was 

preceded by a transient and slight stimulant offoct 

t 

(Figure 81). 
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FIGURE 83 

Guinea-pig isolated electrically-driven left atria. 
The inotropic effects of primaquine (v) , chloroquino 
(a) , quinine (0) , proguanil (0) and pyrimethamine 
(Q) on electrically-driven guinea-pig left atria, 
Each point is the mean of 6 -- 8 observations, and 
the vertical bars denote s. e, of means. 
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4 

At no doso lovol omployod did proguannil or pyrimatlinminio 

0.0 x 10^ý 1.0 x 10-3ri) cUuso a positivo inotropic 

offoct. Instoud, thoy always producod, f4liort. 4aritiiir, 

noGativo inotropic rosponsos (Figure 82 ). `i'lea itogcui: ivo 

inotropic actions of all the antimalarial drugs wore un. 

affected by atropine (2.5 x 10 
6ri) 

and dipyridernolo (2.1 x 

10 
Ers) 

. Figure 83 summarises' tho effoctt3 of all the n uti- 

malarials studied on guinea-pia isolated driven loft atria. 
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11 , 24 Effects of antimalarial drugs on the positive inotro pic 

actions of isoprenalino, noradronaJ, ino and calcium 

The effects of the antimalarial compounds on the incroa8os 

in developed tension induced by isopronalino, noradronaline 

and calcium are summarised in Table G. The quinolino 

compounds (ie. primaquino, chloroquino and quinine) woro 

some 10 - 30 times more potent than either proguanil or 

pyrimothamino in inhibiting the offocts of isopronnlino 

and noradronalino. In addition, tho slopos of tho Schild 

plots for proCuanil and pyrimethamino suggostod that tlioso 

drugs woro not acting as compotitivo ß-adronocoI)tor trat. 

agonists. Indoed, only tho antagonism of isopronalino by 

primaquine, chloroquino (and propranolol) could bo doscribod 

as competitive as judged by the Schild plots. Norio of t1hn 

antimalarial drugs affoctod tho maximum response produced 

by the agonists. All the antimalarial compound. -ii tested 

also inhibited, in a dose-dependent ma mor, the positive 

inotropic effects of calcium. Indeed thoir apparent potency 



O 

O t4 
O 

i-ý CD m I-' Ö ro r" =-= 

n rtG mm 
" 

b®_ _ ro H i O ä 
t ä cn i ä ( 

(2+ 1-i G ft (D rt O "d 
ti rrn r cL ºC r" 

LQ M r ( ° 
" f d c c 

o N" o r" r" a cn 0 - "_ __ - NG5 hj E-+ rr E-J 

EnG'ýGm ft cnG 
r"ý'a m crNPi Pi (D r"rt a 

ct SC NH (D N cl, ct cD 
n" uý aa o' r" }--' - N" cr rt m om 
a "N trm ýi n 
"N Ui K) 0 to 0ý -=- Ncr-nä S p, :::; 7- 

x 

0N 0wi 1-i - -- `D ' m '9 °Qi0 rta - __== caw ý nn 15 0) 0) CL g> 
o CJ0rt n 

_ (D 
aý{a0.0(D H __ 

a m 
N0a 

ý" mn0pj 0N 
cr w ý- n rn cu om tý 
"C a ctf-hft er OD 

(D C) o Oct 
n UV aý. {. /D 0- H- P- 

ä 

(Zºv(3 nýb 0a - - 
aK m - 

(NG 0 
P, to 0 'd G0 f-h t1 

to rook, M r17 (D (D (D (D 1-b 
H (D 

m rt O ft mO 

(DP) - -== H0Oý. ") 
F-J p. t-h _ 

(D (D aC 
o0N0 : wooNo _ - (D (D - 

77 i. L- 131 
D (D M G Q 

- L ft tQ 
ý( 

-- ' - W ft m F- - -- 
amaart = -= tfi ýL N' ft 

- nrt (D (D =_ 
cýr"ýýaaa -- _ iw(Dft ý _ 

l< tD 

h 

*' 

<3 

w,,.,. -- 

r 

r- r1 
r1 

rte""" 

ý. --ý- 

4 
N 
(D 
n 

N 
VI 



235 

0 

25 

200 

r-I 0 
P 

G 
0 
U 

44 
0 

0' 

0 
150 

v 
a 

0 4J U 
N 

w 
N 

C) 10 

b 

75 

__ Aw MO control 

05 10 20 30 

Contact time (min) 

FIGURE 85 

Guinea-pig isolated electrically-driven left atria. Effect 
of contact time on the actions of pritnaquine (v )ý 
chloroquine (C1 ), quinidine (0 quinine (C7 ) 
lignocaine (Q) 

, proguanil (A) and pyrimetham . ne (Q ) 
(All 3x 10-5M) in decreasing the maximum driving 
frequency of electrically-driven guinea-pig atria. The 
control plot (' ) was obtained with saline administration. 
Each point is the mean of 6- 10 observations. The 
vertical bars denote s. eo of means. 
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TABLE 

Effocts of somo antimalarial drugs o and lignocuino, on the 

effective refractory poriod of guinea-pig isolated 

oloctrically-driven loft atria. The drugs worn loft in 

contact with the tissuo for 30 minutes. The number in 

brackets indicate numbor of observations. 

Drug Mean ED50 (in Molar) 

Primaquino 7.5 x 10 5 (8) 

Chloroquino 9.0 x 10-5 (6) 

Quinidino 1.0 x 10`4 (8) 

Quinine 2.0 x 10-4 (7) 

Lignocaino 3.0 x 10-t{ (5) 

Proguanil 1.0 x 10-3 (7) 

Pyrimethamino 1.5 x 10 3 (6) 

L 
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in inhibiting calcium was Lroator than that in blocking 

isopronalino or noradrd? ia, lino. Propranoloi also iiiltihitod 

calciu, n-inducod contractions but concontration3 about 100 

timos ±ho B -adr©nocoptor bloclkiii concontrations woro 

required (Table 't). 
9 

4,2 5 Effects on maxitnum driving, frequoncY of o]. cr. rJ. cal l. y- 

driven left atria 

All the antimalarial drugs, as well as lignocainop caused 

a dose-dependent decrease in the maximum driving frequency 

of guinea-pig electrically-driven left atria. Figure 81 

illustrates some typical traces obtained. The order of 

potency was found to be: primaquino::: ý. - chloroquinoa-- 

quinidino» quinine = lignocaino proguanil : =- pyri- 

methamine. The magnitude of the effect on maximum driving 

frequency was dependent on the contact time of the drugs 

with the tissues (Figure 85). The ED50 values of tho 

drugs are presented in Table 5. 

1 , 26 Effects an rabbit i. solatad oloctr: icýlly-ciri v 

a ii. izry mu scio 

011 rabbit papillary muscle all the antimalarial drugs 

tested produced effects which aro qualitativoly and 

quantitativoly similar to thoso on guinea-pig isolated 

driven loft atria. riguros 86 and 87 show typical traces 

obtained with chloroquino and pyrimethamino rospoctivoly. 

Sc 



. 
In C) ct d 
o 10 iD a 

x N" ý" no ct 
HO 
Oma] p- 

I Q- in 
Ui (1) 0 

: 3: :j el 1-i 
(D pi 

rt 
v ýH 

H. 0( D 
" 1-0 n 

i-ý+ 
0 cc (D 

m PJ 
1V 

H1. n 
Ot 

. PfýH1.1' 
(D (D 0 
i0W 
O ct H 

In (t r-I H 
° (D H< 
O () 1 

0a Cz 

HO' C 
O t-1 1 fD 
1OR, 

((DD 
" Fd 

H (D :i P- 

Hwa Xon 
H I-' "H 
O 

I F, 
TC r0 

of O t7l l'O 

W 0*1 P- (D 00 
ýo W-. H 
a) N) U1 N, trj 

00 ºý tt 
In O I-h 

xis�ý 
1CD^ 

(1' 
r^ H C) 
V+ 

OOF-' 
I 1(D0 
wrn" rn 

r0 

mh 
C) ý 

lV 
HO I- 

NO 
O- 1-1 

(D 0 
p 

C O' 
(D 1 (D 
1 Otn 

ow 
-C 
C) 
tý 0 

(7' 
CCD 
to 

0 G 

p 4). 

I 

n 
10 ®. 

no- 
10 

0 
,o®, 

I 

rn 

I 

n 0, 

KD 
00 

:: 1 
N" 
:ý 

N) 
N 

(A) 



(D (D PJ 

(D N. 1" 
to O cý 

LI 
ctCl(I 

(D Q 

º<; (D N 
t; 'r-' ct 
N" 0 (D 

Fo 
(D (D 
rt cl (D 

s? ý b' N 

N", `V 
(t 

LI (D K 
CD H [J. 

v (D 0 

na 
M rt H 

Lit N"K 
nI 

>C N Sb 
HK 

O IC 
II (D 

to Pý., J 
N"'Zj 

<N 
F--' (D 'd 
"jP. 
O Fý 

K I-' 
0 0) 

º-H t3'' C 
0 N. 

to 
P, O 

ýi H" (D 

H 
NP) 
"KM U1ý; H 

t-'t) (t 
CO 

HO 
4(D I-h 

K l< 
(D 'd ti 
to ; '2 H. 

IZ5 I-, .. 

(D '. N 
n (t 
ct- b : s' 

CN 
(D N" 
HC LI 

(D 

ro-_ 
W 

0 

CD 

hj 

0) 

b 
ä 

ho 0 
N 

w 

O 

O Ln Ui 
l 

rf 

4 
9l 

t 

rf 

3I 

Es 

4r 

w 

r ,. 
1 

Mf 

x ýý 
ý 

N" 

N) 
ý. N 



`a . lto 

n` bnln-1. riclncecl (1yurlýyttými_sýcý 

. 11 
The doßo or ouabain requiroci to ostttbliolt port lritotnt 

ventricular tachycurdirt was 80 + 10 ut; /]cg. This clyiirltythnnitt 

usually persisted for 1-2 liour3. 

f 

Tho ß-udrenocoptor blocking ugonts, ulproiiolo5. and propi'nnolol 

(It - 20 ug/ka) abolished the dysrhythmia and restored normal 

sinus rhythm within 3- 10 min. of the injection. In 

contrast, all the antimalarial drugs studiod, in doses 

between 1 and 10 mg/kg, failed to suppress the ouabnin- 

induced dysrhythmia and restore normal sinus. Additional 

(15 mg/kg) doses of tho compounds also not only failed to 

abolish vontricular tachycardia, but actually augmented 

the dysrhythmia and were usually lothal. 

0 

"ý 
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13: TIN V'? VO I EXPERIMENTS 

014 

Effects of antimalarial dr. us in ontobarb: i tono- 

anaesthet i %od eats 

Intravonous injoctions of all tho fivo antimalarial drugs 

studied, at doses ranging between 1.0 and 10.0 mg*/kg, 

always caused dose-dependent reductions in systemic arterial 

blood pressure and heart rate in all the preparations. The 

cardiovascular effects of the two major groups of anti. 

malarial compounds are described in more detail below. 

4.2_8 Cardiovascular effects of c}il. oroquino and primaquino 

These two quinoline antimalarials produced strikingly 

similar effects in pentobarbitone-anaosthotizod cats. 

Intravenous administration of chloroquino or primaquino 

(2.5 - 10 mg/k ) always produced dose-related reductions in 

the heart rate, in the arterial systolic and diastolic blood 

pressures, in the left vontricular pressure (LVP), and in 

- the left ventricular dP/dt max. The same doses of the 

compounds usually caused dose-dependent increases in right 

artrial pressure and in loft ventricular end-diastolic 

pressure (LVEDP), and always produced multi-phasic effects 

on the eloctro cardiogram (ECG), especially on the QRS wave. 

The olectro cardiographic effects of intravenous injections 

of the agents (5 - 10 mg/ke) usually consisted pf an 

initial transient incroaso in the height of QRS wave 

(reaching a peak 7- 25 seconds after the injection - see 

Piguros 94 and 95 )' followed by a gradual reduction in the 
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FIGURE 90 " 

Pentobarbitone-anaesthetized cats. T ho effects of 
chloroquine (CQ, 8 mg/kg iv., upper panel) and 
pyrimethamine (PM, 8 mg/kg iv., lower panel) on the 
relationship between left ventricular dPP/cdt and left 
ventricular pressure during the period before the 
opening of the aortic valves (66 nun IIg in the control 
situation). The lower ratio of c3P/dt peak common 
developcd isovolumic pressure (CPTP' at GO mm IIg) 
obtained after the adminisLration of t 'ho drugs indicates 
a decrease in the contractile state of the ventricle. 
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M 

hoight of the complox, and inversion off' the QRS complex 

(1 
-5 minutes after the injoction). Occasionally, thoro 

was elevation of tho T wave and S-T segmont, reduction of 

P wave, and prolongation of the P-fl interval as well as 

QRS duration. The initial transient increases in the 

height of the QRS wave usually lasted for ?-5 minutes 

and were observed more frequently with high concentrations 

of the drugs (5 - 10 mg/1g). Furthermore, the increase in 

the QRS complex height was usually well marked when the 

animal received the high doso for the first timo, whereas sub- 

sequent doses of the compound were always less effective. 

However, low doses of the compounds (1 
- 2.5 me/kg) usually 

produced no effect on heart rate but always caused short- 

lasting hypotension. Figures 88 and 89 illustrate typical 

traces while Tables 6 and 7 summarise the results 

obtained in the pentobarbitono-anaesthetized cats. 

Because of the marked changes in after-load, measurements 

were also made of ventricular dP/dt at fixed isovolumic 

left ventricular pressures (Mason 1969) before and after the 

drugs. The results of such experiments with chioroquino 

(and pyrimethamine) are illustrated in Figure 90 . The 

lower ratio of dP/dt peak common developed isovolumic 

pressure (CPIP) obtained after to administration of the 

drugs indicated a decrease in the contractile state of the 

ventricle. 
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! i., 29 Effoct of bilatoral. yajroton 

Bilateral vagotomy had no marked haemodynamic offocts in 

pontobarbitone-anaestliotized cats (Tablo 8) nor did it 

modify tho cardiovascular offocts of chloroquino or prima- 

quinc (Table 9 ). 

4.30 Ef. f. oct of noradrenalino 

Noradrenaline 0.05 - 0.5 ug/kg) produced pressor cardio- 

vascular effects in the pentobarbitone-anaosthotizod cats. 

These pressor effects were inhibited by chloroquino and 

primaquine in a dose-related fashion (Table 10). The 

antagonism between the compounds and noradronalino was 

found to be non-compotitivo, as indicated earlier in the 

isolated cardiac muscle preparations. 

4.31 Cardiovascular effects of pyr3. methamino and prontian3. l 

Pyrimothamine and proguanil (1'- 10 mg/kg) produced similar 

effects in pentobarbitone-anaosthetized cats. Those two 

non-quinoline antimalarials always caused doso-related 

reductions in arterial blood pressure, in loft vontricular 

pressure, in loft ventricular dP/dt max, and in heart rate. 

In all preparations, medium to hiGli concontrations of 

pyrimothamino or proguanil (I+ 
- 10 mg/kg) usually producod 

slight but doso-dopondont incroasos in right atrial and 

loft vontricular end-diastolic pressures. Low doses of 

the compounds (1 -2 mg/kg) did not altor the heart rato, 
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I 

but highor concentrations (lt 
- 10 mg/ka) always reduced 

the haart rate in a dose-rolatod manner. Figuros 91 and 

92 show typical tracos, und Table 11 summurisos the results 

obtained with pyrimethamino. 

Low concentrations of pyrimothamino or proguanil (1 -w mg/ 

Ica) did not produce any markod effect on the electro- 

cardiogram, but highor doses (1ý - 10 mg/kg) affected the 

ocg in a dose-rated way.. Those effects included reductions 

in the height of the P and QRS waves, inversion of the QRS 

complex, occasionally, elevation of the T wave and 

prolongation of the P-R interval and QRS complex duration. 

The. initial transient increase in the height of the (SRS wave 

usually produced by medium to high doses of quinolino anti- 

malarials (5 - 10 mg/kg) was never observed with pyrimoth- 

amino or proguanil at the same dose levels. 

lEý, 2 ýffocts^of bilatoral vapotomy and norndronaHno 

As with chioroquino and primaquino, bilatoral vagotomy did 

not modify the cardiovascular effects of pyrimothamino or 

proguanil in anaosthotizod cats. Similarly, tho prossor 

offocts of noradrenalino 0.05 - 0.5 Ua/kg) worn inliibitod 

by pyrimothamino (or proguanil). Tablo 12 summarisos tho 

offocts of pyrimothamino on noradronalino-inducod cardio- 

vascular cliangos. 

In Bonoral, the depressant cardiovascular effects of 

- pyrimotliamino and procuanil woro found to bo moro marlcodp 
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although of much shortor duration (reaching a peak 3- 10 

soconds, and wearing of 25 - 50 soconds, aftor tho 

injection) than those of chloroquino and pri. maquino. In 

the case of pyrimothamino, however, there was always a 

secondary hypertensive phase (lasting for 10 -- 36 seconds) 

following full recovery (Figuro 93). This hypertensive 

phase was not observed with the quinolino compounds, 

chloroquine and primaquine, and is probably reflex in origin. 

EFFECTS OF ANTIDIALARIAL DRUGS IN PENTOBARBITONE-ANAESTHETIZED 

GUINEA-PIGS 

4.33 Cardiovascular affects of chloroguinß and primaguino 

The effects of these two quinoline antimalarials on the 

electrocardiogram, lioart rate and systemic blood pros-surn 

of pentobarbitone-anaesth©tizod guinea-pigs wore found to be 

very similar to those described earlier for. pontobarbitono- 

anaesthetized cats. Typical traces obtained are shown in 

Figures 94 and 95, while the results are summarized in 

Tables 13 and 14. 

4.34 Cardiovascular effects of pyri. mothamine and prominai. l 

The effects of these two non-quinolino compounds on the ocg, 

heart rate and systemic blood pressure of pontobarbitono- 

anaesthetized guinea-pigs were similar to those described 

earlier in anaesthetized cats. The results obtained with 

pyrimothamino are summarized in Table 15. 

sq 
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DISCUSSTON 

It. 3i Cardiac muscle 

The results obtained in thoso studios Buggast that tho 

4 actions of tho quinoline antimalarials (cliloroquino, prima. 

quino and quinine) on isolated cardiac muscle differ from 

those of proguanil and pyrimothamine. At low concentrations, 

primaquino, chioroquino, quinine (and quinidine) caused 

transient positive chronotropic and inotropic responses 

which are likely to be duo to their ability to release 

noradrenaline. This initial sympathomimotic response evoked 

by the quinoline compounds was never observed with proguanil 

or pyrimethamine which at all concentrations tested, caused 

transient dose-dependent decreases in rate and force. 

Higher concentrations of the quinolinos also caused sus- 

tained dose-related negative chronotropic and inotropic 

responses. Nevertheless, these negative inotropic effects 

were still preceded by a transient sympathomimetic effect. 

Although many workers have described the in vitro negative 

inotropic effects of the quinoline Group of antimalarials 

(og. Armitage 1957; Altarwal and Deshmanker 1960; Lee 1954) 

other workers have demonstrated a positive inotropic effect 

(Kruta, Draveny, IIlavkova-Stejskalova and IIusakova 1963; 

Kennedy and Yost 1969; Lamoijor and Van Zwioton 1971). In 

their study using oloctrieally-driven rabbit atria, Kennedy 

and West (1969) showod that quinidino caused oitior a 

positive, or a riogativo, inotropic response according to 

the frequency of stimulation usod, the concentration of 
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drug adniinistored and the time of moasuromont after quini- 
i 

dine. Those workers as well as others (Thorpo 1973; 

Harrow and Dhalla*1975) have attributed the positive ino- 

tropic effects of quinidino to an increased calcium 

availability via either an inhibitory offoct of the drug 

on calcium sequestration (Naylor 1966; Shinobourno, White 

and Hamer 1969) or by a release of microsomal bound calcium 

(Bondani and Karler 1966). Fuchs et al, 1968) observed 

that'in the dog heart, quinidine caused the release of 

calcium from the sarcoplasmic roticulum and mitochondria, 

and also inhibited the uptake of calcium ions by those 

organellos. Furthor; noro, quinidino is known to exert a 

profound effect on the passive fluxes of potassium and 

sodium ions through cull membranos (Vaughan Williams 1964) 

and this may result in interference with calcium movements. 

Himori and Taira (1976) have also demonstrated that low, 

doses of quinidine caused a dose-related increase in 

coronary blood flow. These workers observed that the 

positive inotropic response of quinidine was not modified 

by a dose of propranolol which completely inhibited the 

positive inotropic response to noradronaline. They thus 

concluded that the positive inotropic effect bf quinidine 

is not likely to be mediated by an adrenorgic mechanism, 

and suggested that the positive inotropic response to lower 

doses of the drug may be produced by an increasq in the 

availability of calcium ions for the contractilo machinery. 

Results of the studies prosontod in this section suggest 

that under the experimental conditions used, the transient 
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It 

positivo inotropic offoct of low dosos of quinidino and 

other quinolino compounds was duo to a tyramino-liko action 

in roleasing noradronalino. This evidence substantiates 

and extends the previous findings of Zotlor and Strubolt 

(1971) with quinidine, but is-in contrast to those of 

Lamoijer and Van Zwieten (1974) who found that pro-troat- 

mont with resorpino (at a lower dose than used in the 

present study) did not affect the positive inotropic actions 

of quinidine. In order to check whether the sympathomimotic 

action of the quinoline antimalarials was peculiar to atrial 

muscle or to the guinea-pig, the effects of the compounds 

wore studied on rabbit isolated electrically-driven papillary 

muscles. For comparative purposes, the effects of proguanil 

and pyrimethamino were also investigated on the same muscle 

preparations. The results obtained with all the antimalarials 

studied were quantitatively and qualitatively similar to 

those produced by the drugs in Guinea-pik driven loft atria. 

Although high concentrations of all the antimalarial agents 

caused dose-related negativo chronotropic and'inotropic 

effects, those produced by proguanil and pyrimethamine were 

of much shorter duration than those produced by the quinoline 

antimalarials. The exact mechanism of the cardio-dopressant 

actions of all the antimalarial compounds is still con- 

trovorsial, but the present studies have shown that it does 

not involve mediation of acetylcholine or adonosino and is 

morn probably duo to a direct action of those drugs in 

- stabilising membranes, inhibiting calcium flux and blocking 
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sodium and potassium channols. Tho nogativo-inotropic 

responses induced by tlio drugs may be a consequence of a 

decrease in the intracollular concentration or mobilization 

of calcium ions nooded for maintonanco of myocardial con- 

traction, and this view is strengthened by the work of 

Himori and Taira (1976). It is of interest to find that all 

the antimalarial drugs investigated were more potent in 

antagonising the positive inotropic effect of increasing 

the extracellular calcium concentration than they were in 

antagonising the effects of noradronalino or isopronalino. 

Similar strong antagonism betwoon calcium and chloroquine 

has been reported by Van Breomen, Farinas and others 

(1973)" Those workers observed that the antagonism appeared 

to be due to either a direct chelating*effect of ehloroquino 

on calcium ions, or an effect of chloroquine on cellular 

membranes involved in calcium storage or mobilization (as 

postulated by Feinstein and Paimre 1969). The ability of 

the antimalarial drugs to antagonise the cardiovascular 

actions of isoprenaline has led some investigators to assign 

ß-adrenoceptor antagonist activity to primaquino (Bass 

and quinidino (Dreifus et alp 1961+). The results alp 1972) 

obtained in this study suggest that the blocking effects of 

the quinolinos and other antimalarial drugs on responses of 

cardiac muscle to R-adronocoptor agonists are not due to' 

the competitive blockade of ß-adrenoceptors but-are more 

probably due to direct effects on muscle contractile 

machinery. It is also of interest that the order of 

potency of tho drugs tested as anltagonists of calcium- 
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induood, inotropic responses was remarkably similar to Choir 

rolativo potency in docroasina maximum driving frequency of 

guinea-pig driven atria. 

The actions of pyrimethamino were of special interest since 
4 there is little information available in the literature on 

the cardiac effects of this compound. Its profile of 

activity resembled that of proguanil in that the two com- 

pounds were some hundred times loss active than the quino- 

lines (primaquine, chloroquine and quinidine) in decreasing 

maximum driving frequency and inhibiting responses to 

calcium, noradrenaline or isoprenaline. In addition, the 

decreases in force and rate produced by proguanil and 

pyrimethamine were relatively transient and wore in con- 

trast to the sustained depression caused by the quinolino 

antimalarials. Pyrimothamino or proguanil did not cause 
I. 

any initial sympathomimetic effects, a finding which agrees 

with the observations of Nettleton of al, (1974)in the anaes- 

thetized dog. In common with the other drugs tested, 

pyrimothamine decreased maximum driving frequency of 

electrically-driven guinea-pig left atria, but was some 

300 times less active than primaquino, chloroquino and 

quip . 
dine. 

In recent years, the sympathetic influence on dysrhythmias 

produced by cardiac glycosides has boon both claimed and 

denied Roberts, Ito, Reilly and Cairoli 1963; Erlij and 

Mendez 196+; Somani and Lum 1965). Rosorpino pro-treatment 
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was roported to incroaso tlio amount of ouabain required to 

induce dysrhythmias, and this has led to tho conclusion 

that the dysrhythmias produced by small doses of tho 

&; lycosido involvo the roleaso of catecholaminos (12oborts 

ob l, 1963). Rather moro rocontly, howovor, procoduros 

which diminished adronorgic influences (rosorpinization, 

sympathectomy and adronaloctomy) were reported to increase 

the lethal dose of cardiac glycosides and alter the 

mechanism of death from ventricular fibrillation to cardiac 

arrest (Erlij and Mendez, 1961E). Nevertheless, the data 

of the studios reported in this Section do not preclude the 

possibility of an adrenorgic influence in the genesis of 

glycoside-induced dysrhythmias. The ability of alpronolol 

and propranolol to suppress the ouabain-inducod dysrhythmia 

and to 'restore normal sinus rhythm probably indicates that 

the glycoside-induced dysrhythmia is mediated via an 

adronorgic mochanism (ospocially ß-adrenoceptors). 

Most of the antimalarial compounds used in the present 

studios have been reported to abolish cardiac dysrhythmias 

produced by local application of acetylcholino or aconitine, 

or electrical stimulation after crushing the auricle; and 

dysrhythmias elicited by chloroform or a combination of 

pontolothor and opinophrino (Arora 1955; Arora of a1,1955; 

Arora and Madan 1956; Arora oalp 1956; Sanabria 1955; 

liess and Schmidt 1959) but not'ouabain-induced dysrhytl-imias. 

The result obtained in the present study agrees with those 

findings. Although the actual mocha. nism of tho anti- 
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dysrliytllmic action of tho compounds is still unknown, it is 

likoly that the antimalarial agents oxort this action, at 

least in part, through their membrano-stabilising, local 

anaesthetic activity as first suggested by Arora (1955) 

and Arora of all (1955), rathor than via a specific adrono- 

ccptor blockade (Bass et all 1972). 

4.3 6 Anaesthetized animals 

The results obtained from the anaesthetized cats and Guinea- 

pigs are consistent with those obtained with isolated cardiac 

muscle preparations. The in vivo studios demonstrate that 

intravenous administrations of chloroquinc, primaquine, 

quinine, quinidine, proguanil and pyrimothamino (2.5 - 10 

mg/kg) cause dose-related reductions in systemic arterial 

blood pressure. These observations are in agreement with 

the work of Jackson et al, (1922), Ferrer of al, (1948), 

Vano (1949), Jindal (1956), Jindal et al, (1960), Doshpando 

and Tiwaska (1964), Waal (1966), Nakano and McCloy (1967), 

Farmer and Levy (1968), Jindal et al, (1968) and Nottloton 

et al, (1974). These investigators showed that tho various 

antimalarial drugs produce hypotonsivo effects in oxperirnental 

animals and in man.. Apart from causing h. ypotonsion, how- 

ever, all the antimalarial compounds studied produced doso- 

related reductions in myocardial contractility. Apart from 

quinidine, the effect of the antimalarial agents on myocardial 

contractility has not boon proviously roportod in tho 

literature. 
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AU tho compounds studied inhibited, in a döso-dopondont 

mannor, the cardiovascular rosponsos of anaosthotizod cats 

to intravenously injoctod noradronalino. This inhibitory 

action of tho antimalarial drugs on tho prossor offocts 

induced by intravenous noradrenalino is in kooping with tho 

work of Nelson (1928 
, Vane (1949), Hiatt (1950)9 Lu (1951) 

and Schmid''et 'a-l, (1974). Those investigators found that 

quinolino and non-quino, lino antimalarial agonts inhibitod 

the pressor actions of noradronaline on the cardiovascular 

system. Nevertheless, the present observation is at 

varianco with the roports of Jindal (1958) and Pandya of all 

(1969) who showed that some quinolino antimalarials 

potentiated the pressor effects of noradronaline on the 

cardiovascular system. 

Roynolds and Dlackonberg (1927), Halsoy, Roynolds and 

Dlackenborg (1928), Gold and Modell (1932), Kwit and Gold 

(1934), and Rowo, Emanuel, Maxwoll, Drown, Castellio, 

Schuster, Murphy and Crumpton (1957) observed that quinidino 

increased heart rato in dogs with normal sinus rhythm 

whilst Cattoll and Cattell (1926), Cohon and Lovy (1921) 

and Dick, McCawloy, Voiss and Krueger (1958) found a do- 

crease or no change in heart rate in'frogs and dogs 

respectively. In human subjocts, Starr e- tal, (1937) also 

found an increase in heart rate following quinidine, wher©as 

Ferrer of al (1948) showed that in 5 out of 7 patients, 

hoart rate remained unchanged, but in 2 patients, heart 

rate increased as systemic blood p. rossuro decreased. The 
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1. 

prosont study showod that smallor dosos (loss than 4 mg/ku) 

of quinolino antimalarial compounds (and quinidino) either 

caused a slight increase in, or did not affect heart rate, 

whilst larger doses (morn than 5 mg/kg) decreased haart 

rate in a doso-rolated fashion. The mechanism responsible 

for the initial increase in heart rate caused by quinidine 

has been ascribed to its anticholinergic action by Dalo 

(1921), Briscoe and Burn (1954), and James and Nadeau 

(1964). The initial increase in heart rate induced by low 

to moderate doses of the quinolino antimalarials investigated 

is likely to be mediated through the same mechanism. 

The mechanism responsible for the hypotensivo effects of all 

the antimalarial drugs (and of quinidine) may be attributed 

to the dual cardiovascular actions of the compounds i. e. 

(1) the direct and/or indirect peripheral vasodilatation 

action and (2) reduction in cardiac output - possibly due 

to the myocardial depressant offect of tho drugs. Jackson 

of alp (1922) and Nelson (1927) stated that the hypotensive 

effect of quinidine might be due mainly to peripheral 

dilatation resulting from 'depression of the sympathetic 

nerve endings" as well as of the vascular smooth muscle. 

Lu (1951) also attributed the peripheral vasodilatation 

induced by quinidine to throe mochanisms, via: (1) doprossion 

of the sympathetic receptor, (2) depression of"sympathotic 

gangl"iap and (3) direct relaxation of vascular smooth 

muscle. Because all the antimalarial compounds studied 

possess many pharmacological action. 3 in common with 
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quinidine, it is likoly that tho agents produced their 

cardiovascular effects through a similar mechanism. Carnoy, 

Ross and Coopor (1962) showed that a largo dose (30 nmg/lcg) 

of quinidino caused a marked decrease in aortic prossuro 

when systemic blood flow was kopt constant with a flow 
pump, implying a docroaso in peripheral resistance. They 

were uncortain, however, whether this vasodilatation was 

due to direct smooth muscle doprossion, or to blockade of 

the vasomotor centre and/or sympathetic outflow. Nevorthless, 

the workers demonstrated that both arterial and venous 

systems appeared to participate in tho dilatation. In 

experiments in which the central effects of quinidino were 

dissociated by using hind-limb preparations, Nakano and 

McCloy (1967) showed that intra-arterial injections of 

quinidine dilated the femoral artery without any apparent 

change in heart rate, systemic arterial pressure and 

myocardial contractile force. It was concluded that the 

vasodilator effect of quinidine is not mediated through 

bota-(ß-) adronorgic stimulation (Ahlquist, 19'8), 

sympathetic-cholinorgic vasodilator stimulation (Folkow and 

Uvnas 1948), or a histamino roloaso mechanism (Paton 1957). 

Some of the early workers (Nelson 1927; Lu 1951) have 

postulated that the vasodilator action of quinidino is duo 

to "the depression of sympathetic receptor"q presumably 

implying that quinidine would block alpha-( a-) adronocoptors 

in vascular smooth muscle. howover, tho rosults obtainod 

by Nakano and NcCloy (1967) aro not in agreement with this 

hypothesis, since quinidino did not, modify the vasoconstrictor 
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action of noradronalino in tho hind-limb proparation. It 

is likoly that all tho antimalarial drugs oxuminod sharo 

the above affects with quinidine and produco Choir cardio- 

vascular offects through the same mechanisms. 

4 

The hypotension and bradycardia induced by the antimalarial 

drugs investigated in the present study werd not modified 

by vagotomy. This finding probably indicates that the 

cardiovascular effects of the compounds, like those of 

quinidine, are not mediated through a cholinorgic mechanism. 

This suggestion is further strengthened by the observation 

that the hypotension and bradycardia induced by tiro agents 

are resistant to the action of atropino (Doshpando and 

Tiwaska 1964). Since a cholinorgic mechanism is unlikely 

to account for tho hypotensive offocts of the compounds, 

it is. possible that the agents exert their hypotensive 

action via one or more of the mechanisms described above 

for quinidino. In addition, tho ability of tho compounds 

to antagonizo the effects of noradrenalino, isopronaline, 

calcium (and other drugs) on the heart could contribute to 

their hypotensive effect. 

The offoct of quinidine (but not of othor antimalarials) 

on myocardial contractility has boon proviously studiod 
0 

(Cohn and Lovy 1921; Cattoll and Cattoll 1926; Briscoo and 

Burn 1954; Armitago 1957; Carnoy, Ross and Coopor 1962; 

Nakano and McCloy 1967). UsinG tho myocardiographic 

" toclinique, Colin and Levy (1921) demonstrated that quinidino 
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incroased the amplitudo of myocardial contraction whereas 

Driscoo and Burn (1954) and Armitago 
i 

(1957) found a 

docroaso in myocardial contraction. Working with a Walton- 

Brodie strain gaugc, Carney of l, (1962) found that tho, 

administration of 10 mg/kg of quinidino only produced a 

transient decrease in myocardial contractile force whilst 

30 mg/kg of tho drug markodly docroasod contractilo force 

for a prolonged period of time. Using a strain'gaueo and 

measuring left vontricular dP/dt, Nakano and McCloy (1967) 

showed that tho administration of dosos loss than 6.4 m(; /kg 

of quinidine caused only a slight decrease, or no chango 

at all, in myocardial contractility whereas higher doses 

(more than 12.8 mg/kg) decreased myocardial contractility. 

The biochemical mechanisms responsible for the quinidine- 

induced decrease in myocardial contractility has boon 

studied by several workers (Armitage 1957; Webb, Saunders 

and Nakamura 1951; Uyoki, Coiling and Du Bois 1954; Ells 

1964; Holland 1944; Klein, Holland and Tinsloy 1960; 

Suarez-ßoldan and Santos-Martinez 196l) but the precise 

mechanism remains uncertain. Webb of al (1951), Uyoki 

ot_alal (1954) and Ells (1964) obsorved that quinidine 

inhibited ATP-aso activity in cardiac and. skolotal muscles. 

Uyoki et al. (1954) also found that quinidino uncoupled 

oxidative phosphorylation in the mitochondria of tho heart 

and liver, implying that quinidino might decrease the 

production of high energy phosphate in tho'heart. Like 

quinidino, moderate to high concentrations of the anti- 

malarial drugs examined always decreased myocardial 
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contractility in a doso-dopondont manner, prosumably 

through mochanisms similar to those analyzed above for 

quinidino. The lower ratio of dP/dt peak common dovolopod 

isovolumic pressure (CPIP at 60 mm irg) obtained after 

intravenous administrations of chloroquino, primaquino 

and pyrimethamine (2.5 - 10 mg/kg) indicates that the 

drugs decreased the contractile state of the heart. This 

decrease in the contractile state probably also contributes 

to the hypotensive effects of the compounds. 

According to Nalcano and NcCloy (1967), the offoct of 

quinidine on cardi 

three haemodynamic 

(2) venous return, 

and Cattail (1926) 

low concentrations 

ac output appears to be governed by 

parameters: (1) myocardial contractility, 

and (3) peripheral rosisistanco. Cattell 

reported that in frog isolated heart, 

of quinidine produced an increase in 

cardiac output whilst high concentrations decreased it. 

However, Reynolds and ßlackenberg (1927) and Halsey of all 

(1928) found that quinidino increased cardiac output in 

anaesthotized dogs. Ferrer at alp (1948) also showed that, 

in normal human subjects, quinidine decreased systemic 

artorial pressure without any change in cardiac output 

whereas in patients with low output (or heart failuro), 

quinidine increased cardiac output. Nakano and McCloy 

(1967) found that quinidine had a biphasic effoct on 

cardiac output in dogs; an initial transiont increase 

followed by a secondary, more prolonged, decrease* Those 

workers attributed the initial transient increase 
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to the decroas© in poriplioral resistance, sinco tho doso 

(6.4' mg/kg; ) of quinidino administorod did not dopross 

myocardial contractility markodly. Nakano and McCloy (1967) 

further found that with larger doses (morn than 6.4 mg/icg) 

I myocardial contractile force decreased markedly and both 

mean pulmonary arterial and mean left atrial pressures 

docreasod. ßign. ficnntly. This probably indicates a decrease 

in systemic venous return (Carney et aa]., 1962). Because 

cardiac output was not dotormined in the present study, it 

would not be possible to compare this cardiovascular effect 

of quinidine with that of other antimalarial agents studied. 

However, moderate to high doses (5 - 10 mg/lcg) of all the 

antimalarials examined caused dose-related increases in 

right atrial and left ventricular. end-diastolic pressures. 

These haemodynamic responses would be difficult to explain 

since they are not peculiar to antimalarial or anti- ', 

d ysrhythmic drugs along. 

Moderate to high doses (above 5 mg/lcg) of all the antimalarial 

agents studied (as woll as quinidine) increased the P-R 

interval and QRS complex duration in a dose-dependent 

manner. Many other antidysrhythmic agents are known to 

increase the P-R interval and QRS complex duration (Szekeros 

and Papp 1971) . 

Excopt for quinidino, roports on blood lovols of anti- 

malarial compounds arc poorly documontod in tho litoraturo. 

however, the plasma quinidine levels (following tho 
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administration öf quinidino) have, boon studied by Wogria 

and Boyle (1948); Sokolow (1951); Solcolow and Edgar (1950); 

Sokolow and Ball (1956); Kahmansolin and Sampson (1950); 

Swishor, Wodell, Chong, Sutton and Sutton (1954. ) ; Ditl. ofson 

and Knutson (1956); Schorlis, Gonzalez and ßossman (1961); 

and Nakano and McCloy (1967). Wegries and Boyle (1948) 

stated that the intensity of the cardiovascular effects 

of quinidine and its plasma concontrations worn not 

qualitativoly parallol oxcopt for its effect on the 

electrocardiogram. These authors further observed that 

the plasma level of the drug usually decreased faster than 

its cardiac effects. However, according to the observations 

made by the other investigators (mentioned above), the 

doses of quinidine administered seem to determined its 

plasma concontrations at a specific time. Nakano and 

NcCloy (1967) demonstrated that both the electrocardiographic 

and haemodynamic changes induced by quinidine are proportional 

to the plasma levels. Sokolov and Dall (1956) found that 

the majority of their patients with cardiac dysrhythmias 

were treated successfully with doses of quinidino which 

gave rise to a plasma concentration of approximately 

6 va/ml. In dogs, this level was attained when doses of 

about 3.2 mg/kg of quinidino were administered intravenously 

(Nakano and NcCloy 1967). Tlho latter workers also obsorved 

that intravenous administrations of quinidino (6.1k mg/kg 

or loss) dopressod neither myocardial contractility nor 

ventricular performance. The authors thoroforo concluded 

that doses of quiuidine sufficient to treat majority 
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of tho pationts with cardiac dysrhythmias would not cause, 

deleterious effects on the cardiovascular system. The 

blood levels of tho other antimalarial drugs examined 

werd not determined in tho present study and thoro are no 

documented reports in tho litoraturo concorninc plasma 

lovel roachod aftor oral dosagos. 

Several investigators have advocated the use of certain 

antimalarial agents in the management and treatment of 

some cardiovascular disorders in man (for references, see 

Introduction to the present section). From the observations 

made and the results obtained in the present studios, it 

is evident that, even in therapeutic doses, the anti- 

malarial compounds are toxic to the cardiovascular systom, 

especially to the heart. In most of the animals usod, cats 

and guinea-pigs, doses of the compounds above 10 mg/kg Were 

usually lethal, the animal dying of cardiovascular arrest. 

On the basis of this acute cardiovascular toxicity, the, 

idea of employing the agents in the managemont and treat- 

ment of cardiovascular disorders in man doos not appear, 

to be valid; there are far more. effoctivo and loss toxic 

drugs available. The results of the present studios also 

indicate that most of the deaths usually attributed to 

antimalarial drugs in man are likely to be duo to the 

chronic or acute toxic effects of the compounds on the 

cardiovascular system, especially on the hoart. 

I 

S 



t 

4 

j 

SECTION 5 

GENERAL CONCLUSIONS 
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5" GENERAL CONCLUSIONS , 

The present studies have shown that all the five anti- 

malarial drugs : investigated (chloroquine, primaquine, 

quinino, proguanil and pyrimothamine), although structurally 

different, have a wide spectrum of pharmacological activity 

in common. These pharmacological actions explain some of 

their common clinical side-effects and toxicity. 

Among the toxic side-effects often attributed to the com- 

pounds are diarrhoea, Castro-intestinal cramps and pain, 

skeletal muscle weakness, depression of the cardiovascular 

system, weak pulse, dizziness, syncope, convulsions and 

coma. The diarrhoea might be duo to the relaxation of the 

intestinal smooth muscles by the compounds, while the Castro- 

intestinal. muscle cramps are probably caused by contractions 
"r 

of the gastro-intestinal muscles induced by higher dosos of 

the drugs. These contractions, which may be pronounced, 

may give rise to the gastro-intestinal pain observed. 

clinically with these drugs. The skeletal muscle weakness 

induced by the drugs might be attributed to tho. weak curaro- 

like action of the agents coupled with their local anaesthetic 

activity. As local anaesthetics, the compounds may be 

paralysing the motor nerves to skeletal muscles and thereby 

affect neuromuscular transmission. 

Tho cardiovascular impairment caused by the drugs is most 

likely to be duo to their direct effects on the heart and 
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or their general depressant action on the cardiovascular 

system. Their anti-hyi. ortensive action may be associatod 

with their ability to antagonize the cardiovascular effect 

of noradrenalino, whilst their anti-dysrhythmic effects 

could be related to their local anaosthotic activity, and/ 

or-thoir ability to antagonize calcium, catocholaminos, and 

other drugs on the heart. The weak pulse is probably 

associated with their depressant effects on the heart and 

cardiovascular system, resulting in bradycardia and hypo- 

tension. 

Both, the dizziness and syncope may result from the brady- 

cardia and hypotensive mechanisms, rosulting in pooling of 

blood in the lower part of the body. The convulsions often 

attributed to antimalarial agents may also be due to their 

hypotensive effects loading to a reduction in cerebral 

blood flow. 

The results of the studios reported in this thesis indicate 

that the antimalarial drugs possess some anti-asthmatic 

activity (especially the quinoline compounds), anti- 

dysrhythmic and marked hypotensive effects, and also have 

relaxant effects on smooth and skeletal muscles. The 

results also suggest that the drugs are non-abortive and 

that therapeutic doses of the compounds are, safe (non- 

toxic). However, since similar investigations were not 

carried out in a parallel manner in human subjocts, it 

would be difficult to ascertain the extent of the ttboVe- 

' tr 
named effects and safety of the agents at therapeutic 
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dose levels (used in the prosont studios) in man. moreover, 

although tho present studios worn porformod on ossontially 

normal, hoalthy laboratory animals, it would not be valid 

to draw conclusions from tlioso oxporimonts and oxtrapolato 

them to man. In the light of the various pharmacological 

actions of the compounds shown in thoso studios, ospocially 

their actions on the heart and cardiovascular systom in 

, general, one would suggest that the drugs should be 

administored to humans, ospecially infants and childron, 

under very strict medical supervision only. Furthermore, 

therapy should be stoppod, or dosage drastically reduced, 

when the signs and symptoms of toxicity or side--effects 

appear. Whore possible, proGnant woman should bo encouraged 

to refrain from the use of the compounds. bocauso of their 

abortifacient and toratogenic effects reported by Sollmann 

1957; JMIA Editorial 1964; Whisnant, Espinosa, Kiorland and 

Lambert 1963; Hughes, Esiri, Oxbury and Whitty 1971; flossen, 

Lough Jr. and Hanson 1973; and Rollo 1975" 

" I. 
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DRUGS USED 
i 

Drugs used were primaquino phosphate, proguanil hydro- 

chloride, (+)-propranolol hydrochlor±do (Imperial Chemical 

Industries Limited); quinidino sulphate, quinine sulphate, 

chloroquine diphosphato, (-)-noradr©naline hydrochloride, 

acetylcholine chloride, (-)-phonylophrino hydrochloride 

(Sigma); pyrimethamine, bretylium tosylato, bothanidino 

sulphate (Burroughs Wellcome); atropino sulphate resorpino, 

tyramino hydrochloride, acotylcholino iodide, (-)-adronalino 

hydrogen tartrate, carbachol chloride, 5,5-'ditliiobis-2- 

nitrobenzoic acid, histamine dihydrochlorido, nicotine 

hydrogen tartrate, papaverine hydrochloride, physostigmino 

sulphate, strophanthin-g ("ouabain"), barium chlor9ido, 

lactic acid, potassium chloride (Dritish Drug Houses); 

(-)-isopronaline bitartrate (Wyeth); lignocaine hydrochloride, 

cocaine hydrochloride (Macfarlane Smith); sodium pentobarbitono 

(Abbot Laboratories); salbutamol (Allen and Iianburys); 

guanethidine sulphate, `phentolamine mesylate (Ciba); (+)- 

tubocurarine chloride (Duncan Flockhart); heparin (Evans 

Medical); alprenolol hydrochloride (Hassle); 5-hydroxy- 

tryptamine (Koch-Light); hoxamethonium bromide, mopyramino 

maleate, suxamethomium bromide, dexamphetamino sulphate 

(May and Daker); bradykinin, methysergido bimaloato (Sandoz); 

indomethacin (Merck, Sharp and Dohme); oxytocin (Parke- 

Davis), dipyridamole ("persantin") (Boehringor'Yngolhoim). 
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Except whore indi cated o all drugs wore disoolvod on the day 

of the experiment in 0. 9% WI v sodium chloride soluti on. 

Pyrimothmmino was , 
dissolved in saline acidified with 

oquimolar lactic acid. Indomothacin was dissolvod in 

othanol and the solution dilutod 10 - 20 Limos with normal 

4 salino boforo uso. All dosos worn oxprossod as molar 

concentrations except whore otherwise stated. 
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