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ABSTRACT 

In this study, the effect of chloroquine on the 

contractions of isolated guinea-pig ileum (GPI) rat stomach 

strip (RSS}, and endothelium free-rat aortic strip (RAS) were 

investigated. These muscles exhibit contractions suggesting 

differences in sources of activator calcium. The main 

agonists used were histamine (HIS), Acetylcholine (ACH), 

Noradrenaline (NA) and Potassium (K+ ). A wide range of doses 

of CQ were used. The following drugs were also investigated: 

Amodiaquine (AMDQ), Mepacrine ( HPC), Quinine (QUIN), 

Halofantrine (HFT) and Hefloquine (MFQ), in order to examine 

the pattern, if any, of structure-action relationships. 

The effect of CQ on Ach induced contractions ranged from 

a potentiation in low CQ concentrations ( 10-
12 

-10-7M), to

inhibition at concentrations > 10-5M. In this regard, drugs 

were classified into groups: 

(I) CQ, AMDQ, MPC, QUIN, which consistently potentiated and

inhibited at low and high concentrations respectively. 

(II) HFT and MFQ, which showed neither marked potentiation nor

inhibition. Potassium induced contractions were less 

affected by CQ than receptor mediated contractions. 

Varying the concentrations of ca2+ in the physiological salt

solution (PSS} bathing the muscle, greatly affected the action 
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1.1. l. 

of CQ. In the RSS, Group I compounds at (10-7M) potentiated

ACH-induced contractions in PSS containing 1. SmH ca2+ while the

inhibitory effect of concentrations > 10-5M was enhanced.

Similar effects were observed in GPI and RAS. Thus 

potentiation of agonist contraction decreased in parallel with 

decrease in external ca2+
, whereas inhibitory effects 

increased. 

In PSS containing zero calcium and 0.5mM EGTA, 

contractions in GPI rapidly disappeared whereas in RSS and RAS 

residual contractions persisted. Low doses of antimalarial 

failed to potentiate the residual response but high doses 

completely abolished it. 

The action of CQ in RAS, pre-contracted with NA or Kt was 

studied. The relaxant effect of CQ was more marked on NA-

than K+ induced contractions. This effect was unaffected by 

methylene blue ( 10-
3M). Thus the mechanism of the relaxant 

action of CQ in RAS was unlike those of ca2+ channel blockers 

or sodium nitroprusside. 

The possibility of the relaxant effect being due to K+

channel opening was investigated. The results suggested that 

K
t channel opening is not an adequate explanation for this 

action of CQ in RAS. 
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l.V 

These results show that: 

(a) Two sites of action for CQ in smooth muscle. One site is

the muscle-cell membrane where it may facilitate ca2t

influx: this effect 1s more marked on receptor mediated 

than K
t -induced responses. The other site l.S 

intracellular, where the effect is observed at higher 

concentrations of antimalarial and manifests as 

inhibition of agonist contractions. 

(b) The relaxant effect of CQ in arteries was most likely not

due to calcium channel blockade nor opening of K
t

channels: CQ probably interacted with intracellular 

contractile mechanisms; 

(c) The effect of CQ on muscle contraction depends on muscle

type, agonist used, and the concentration of ca
2t in the 

bathing fluid. These findings suggest that vascular 

relaxation by CQ may contribute to the cardiovascular 

collapse encountered with chloroquine therapy. 
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INTRODUCTION 
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1 

1. 1 ANTIMAI,ARIAT, DRUGS: HISTORICA(, BACKGROUND 

The development of the antimalarial drugs forms one of 

the most important contributions to the history of Medicine. 

Most of the currently used antimalarial drugs have evolved 

from knowledge of the chemistry and pharmacology of the active 

substances of cinchona bark, a Peruvian medicinal plant used 

for treatment of fevers in the early 17th Century. 

The therapeutic value of Crude Cinchona bark became known 

in the late 17th Century and was widely used for two centuries 

before its active constituents 
• • 

quinine and other related 

alkaloids were isolated in 1820. The salts of quinine soon 

became available commercially for use and cinchona remained 

the only source of the drug until quinine was synthesized, 

other ci11chor1a allialoids are still extracted from cinchona 

bark. 

1. 2 SYNTHETIC ANTIMAI,ARIAT, DRUGS USED 

Later development of antimalarial drugs were based on the 

quinine structure particularly the quinoline moiety. The 

first synthetic antimalarial pamaquine, emanated from efforts 

by Schulemann and his colleagues in 1928 to combine 6-methoxy 

guinoline structure which was previously found to exhibit 
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2 

addit.ional antimalarial activity in congeners of methylene 

blue (James and Giles, 1985). 

Later studies which were based on Ehrlich�s work gave an 

invaluable lead to a host of other new antimalarial compounds. 

Pamaquine the first compound to emanate from these researches 

was very useful against avian malaria, but it could not 

replace quinine as it had little effect against P. falcjparum 

infections. The search for more potent and less toxic 

antimalarial drugs began in 1943 during the Second World War 

by French worl{ers who synthesized a large number of 

aminoquinoline compounds. 

AMI NOQll I NOI,I NES 

These compounds were based on the quinine structure and 

also according to the spectrum of their antimalarial activity. 

They have been divided into: 4-aminoquinoline derivatives: 

this group includes Chloroquine, hydroxychloroqui11e and 

amodiaquine. Chloroquine is the most extensively used of the 

4-aminoquinolines. It contains the same alkyl side chain as 

quinacrine; it differs from the latter in having a quinoline 

instead of an acridine nucleus and in lacking the n1ethoxy 

radical. 
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Chloroquine bears close resemblance 
• 

to pamaguine and 

pentaquine. It is a very potent blood schizonticidal drug 

effective against the erythrocytic form of all four plasmodial 

• 

species. It is also an effective prophylactic drug in 

sensitive strains of P. falciparum. Among its other major 

pharmacological actions, chloroquine is a fairly potent anti

inflammatory agent and also shows some quinidine like action 

on the heart. It is used in the therapy of Amoebic dysentery, 

Amodiaguine: 

Is a congener of chloroquine. Amodiaquine is a very 

effective agent for suppressing and alleviating sporozoite 

induced vivax malaria in human volunteers. When compared to 

cl1loroquine in potency, it is active only against erythrocytic 

forms of the parasite; relapses occur when medication 
• 

J.S 

stopped ( Coatne�, et. al., 1950. See 1973 WHO scientific 

group). The drug is adequately used in controls of acute 

clinical attack of vivax or falciparum malaria. Trials of 

amodiaquine in various parts of the world indicate that it is 

an active and relatively non-toxic antimalarial. It has been 

given to patients with liver, cardiac and renal disease 

without untoward reactions. 
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Preliminary investigation indicates that amodiaguine like 

chloroquine is effective in amoebic hepatitis.. it is not 

useful in intestinal Amoebiasis. 

8-Aminoguinolines: 

Primaguine was one of the most effective drugs in the 8-

aminoquinoline series prepared by Elder Field and associate 

(1946) in connection with the Second World War antimalarial 

searcl1 programme. Primaquine has the advantage of being 

effective against the erythrocytic stage of the plasmodium 

infection as in P. yiyax infection where the liver stage is

dominant. Primaquine is not used much in West Africa because 

of (i) toxicity due to G6PD deficiency; and (ii) P. falciparum 

is the dominant parasite of West Africa. 

Another example of 8-aminoquinoline is Mepacrine which 

was the outcome of introducing the side chain into acridine 

structure within which is contained the 6-methoxy-quinoline. 

It has long been displaced clinically by chloroquine. It was 

found useful in 1930 and evaluated in time to be of use in the 

Second World War thereby becoming the main substitute for 

quinine. It is primarily blood schizontocides. It is active 

in vjtro against G. JambJia. Mepacrine administration is

accompanied initially by adverse effects such as dizziness,
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headache1 and gastric upset but these subside as treatment 

continues 
• 

more serious toxic effects develop later; these 

include toxic psychosis, bone marrow depression and dermatitis 

but these are not common. The drugs also stains the tissues 

bright yellow .. but this has no toxic but cosmetic implication. 

QUININE 

It is an alkaloid derived from Cinchona bark (Quinidine, 

the D-isomer of quinine also has some antimalarial activity)

but is used mai11ly £01.. its antidysrhytmic effects on the 

l1eart Its mechanism of action as an antimalarial agent 18

not understood� bt1t it is known to intercalate the DNA. 

Quinine was relegated to a drt1g of second choice when

chlorogui11e was introduced� but with the emergence and spread 

of chloroqttine resistance .. quinine has 
• 

again assumed 

therapeutic importance. it is effective against the 

erythrocytic forms of all four species of plasmodia, but has 

no effect 011 exoerytl1rocytic forms or on the gametocytes of E-_ 

falciparurn resistant to chloroquine. 

1. 3 NEW COMPOUNDS WITH ANTIMAI,ARIAI, ACTIVITY 

The currently used antimalarials have been in clinical 

use for some considerable time for more ·than 40 years but 
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increasing awareness of the hazard of drug resistance has 

stimulated further research towards the development of 

alternative drugs. Advances in biological, biochemical and 

chemical knowledge of the disease and its methodology have 

provided the basis for the development of many interesting new 

compounds. Out of the many compounds that have been 

synthesized and tested for antimalarial activity, many 

promising substances have emerged. 

Mefloquine and quinine are two main agents belonging to 

the quinoline-methanols. The former is a new drug which shows 

great promise but 
• • 

qui.nine is the main quinoline methanol 

currently in use. Mefloquine has a long plasma half life and 

a very large apparent volume of distribution. It is a potent 

rapidly acting schizonticide in all human malaria but 
• 

l.S 

without effect on gametocytes and hypnozoites. A single oral 

dose of mefloquine (1000-1500mg) is completely effective in 

curing patients with drug sensitive to multi-drug resistant 

falciparum malaria: side effects which are fairly common are 

dizziness and gastrointestinal upset but these are mild and 

self limiting. 

HAI,OFANTRINE 

It is a new antimalarial drug used in this study. It 

belongs to the Phenanthrene methanol group. It is a highly 
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effective blood schizonticide, active in erythrocytic stage of 

the parasite life cycle. Halofantrine is effective in all 

types of acute malaria. 

•
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Figure 1: 

Structures of some antimalarial drugs. 
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1. 4 DRUG RESISTANCE IN MAI,ARIA . 

Drug resistance has become a common occurrence in malaria 

chemotherapy. Chloroquine a 4-aminoquinoline was developed as 

a substitute for quinine in the treatment of malaria during 

the Second World War. 

malaria parasites but 

It is effective in the eradication of 

since 1960 reports of chloroquine 

resistant malaria l1ave appeared from Thailand and Colombia 

(D.V. Moore and J.E. Lanler, 1961), see (James & Giles, 1985). 

Chloroquine resistant plasmodium had spread to 15 countries in 

Easter Asia and Oceania, 10 in South America and 15 in Africa 

South of the Sahara, see (James & Giles, 1985). Because of 

this development, various drugs have been introduced whether 

for prophylactic or curative purposes in varying responses to 

the specie or strain of parasites. 

The World Heal tl1 Organizatio11 (WHO) Technical Report 

Series. Volume 529, 1973, graded this phenomenon into classes 

I� II, III as defined below. 

SENSITIVITY 

Where clearance of asexual parasitaemia within 7 days of 

initiation of treatment witl1out subsequent recrudescence.

Resistance (RI): This is an evidence of asexual parasitaemia

ae in sensitivity but no clearance followed by recrudescence.
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Reeis:tance (RI:r): This is categorised with marked reduction of

asexual paraaitaemia but no clearance; while resistance (RIII) 

is categorised as where no marked reduction of asexual 

parasi taemia, with these development in drug resistance, 

recent studies by Salako et. al. (1988) showed that 

falciparym showed full sensitivity in vitro to quinine with a 

mean fever clearance time of 1.4d 
• 

using the in vitro 

microculture technique. In the Nigerian isolates of L 

falciparum, the minimum inhibitory concentration for quinine 

was 1.2811mol/li tre in vitro. The IC50 and ICee were O. 25 and 

0.8µmol/litre respectively. When compared to chlor0quine the 

authors concluded that quinine and chloroquine in a population 

where chloroquine resistance was not a problem, the result 

showed that slower parasitological and clinical response to 

quinine than chloroquine. 

1. 5 EXCITATION:::CONTRACTION COIJPI,ING IN SMOOTH MUSCI,E 

Contraction of smooth muscle l.S triggered by 

depolarisation of the fibre surface membrane. Depolarisation

of the smooth muscle fibre of most of the gastro-intestinal

tract leads to initiation of the action potential discharge. 

In certain types of smooth muscle, the depolarisation spread

inwardly along t}1e membranes of the transverse tubules and
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cause the release of ca2+ from the terminal cisternae of the

sarcoplasmic reticulum. Sufficient evidence favours the idea

that during depolarisation, the surface membrane, charge 

movement occurs from extracellular medium into the muscle· 

Ca2+ and Na+ influx during depolarisation have been 

conclusively demonstrated in mammalian gastro-intestinal 

smooth muscle (Perry and Grand, 1977; Brading, 1979; Bolton, 

1979, 1981). it seems likely that the key factor in the 

activation of the contractile protein 1s as in skeletal 

muscle� a rise in the free Ca2+ concentration. This has been 

estimated at about 10- 7M calcium so that below this 

concentration the muscle is relaxed. The control of

intracellular Ca2+ concentration [Ca2+ ] involves many factors. 

The increase in intracellular Ca2+ concentration can be

brought about in several ways. Ca2+ can enter from

extracellular fluid down the concentration gradient, 

especially when the membrane is depolarised and Ca2+ 

permeability increased. Ca2+ is the main 
• 

ion carrying the 

inward current for the action potential • 

in most gastro-

intestinal smooth muscle, though Na+ participates to varying 

degrees in different tissues. The amount of calcium entering 

during an action potential could raise Ca2+ threshold for

contraction (Goodford, 1970). However, it is likely that Ca2+
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entering from outside the cell is readily taken up into 

intracellular stores. 
• 

Calcium can be released from binding sites at the inner

surf ace of the plasma membrane or from the sarcoplasmic 

reticulum or 

Mitochondria, 

other intracellular structures such as 

and it is believed that ca2+ release and ca2+

sequestration play a major role in the sequence of contraction 

and relaxation (Perry and Grand, 1979). 

ca2+ bound at the outer surf ace of the plasma membrane 

plays an important role as a stabiliser controlling mainly Na+

conductance (Na+ as well as ca2+ and other divalent cations, 

compete on those membrane sites). 

Calcium may enter smooth muscle cells via ca2+ channels 

coupled to pharmacological receptors the so-called receptor

operated ca2+ channel (Bolton, 1979). The reduction of ca2+ 

necessary for the muscle to relax, can be achieved by ( i) 

intracellular ca2+ sequestration and (ii) by ca2+ extrusion 

across cell membrane. The evidence suggests that both Na+ _

ca2+ exchange mechanism (Reuter et. al., 1973; Blaustein, 1974; 

Van Breemen et. al., 1979) and ca2+ transport mechanism 

(Schatmann, 1973) operate in smooth muscle and their relative 

importance for each muscle may depend on the individual 

capacity of the internal storage space. 
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Recently two ca2+ pathways through which extracellular 

Ca2+ may pass into the cell membrane were described (Bolton, 

1977 � Van breemen et. a 1. , 1979; Meisheri et. a 1. , 1981;

Cauvin et. al., 1984). The idea was brought about following 

the observation that when high K+ was employed to produce 

depolarisation and contraction of smooth muscle other agonists 

such as Acetylcholine or Noradrenaline which activate smooth 

muscle by stimulating discrete pharmacological receptor could 

still elicit contractile responses, suggesting that the 

contractile response a11d the Ca2+ movement associated with K+

depolarisation on one hand and those that occurred via 

receptor activation on the other occurred by different 

n1echan i sins. J:vlore direct evidence was obtained for this 

hypothesis (Mesheri, et. al., 1979) when 45 Ca+ fluxes were 

correlated with contractile responses_ The Ca2-+- pathways i. e _ 

Ca2+ channels stimulated by changes in membrane potential have 

been designated potential sensitive Ca2
+ channels or voltage

dependent Ca2+ channel .. while Ca2+ channels that are opened by 

stimulation of pharmacological receptors are known as 

receptor-operated Ca2
+ channels (Bolton, 1979; Van Breemen et,

al�� 1979; Meisheir et. al., 1981). 

Bolton and Kitamura (1983) have shown that extracellular 

Ca2
-+- influx does not occur via Ca2+ channels coupled to
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Recently two Ca2+ pathways through which extracellular 

Ca2+ may pass into the cell membrane were described (Bolton, 

1977; Van breemen et. a 1. .. 1979; Meisheri et. a 1. , 1981;

Cauvin et. al., 1984). The idea was brought about following 

the observation that when high K+ was employed to produce 

depolarisation and contraction of smooth muscle other agonists 

such as Acetylcholine or Noradrenaline which activate smooth 

muscle by stimulating discrete pharmacological receptor could 

still elicit contractile responses� suggesting that the 

contractile response ar1d the Ca2+ movement associated with K+ 

depolarisation on one hand and those that occurred vi.a 

receptor activation on the other occurred by different 

mechanisms. t--Jore direct evide11ce was obtained for this 

hypothes1� (Mesheri, et. al.� 1979) when 45 Ca+ fluxes were 

correlated with contractile responses. The Ca2+ pathways i.e. 

Ca2+ channels stimulated by changes in membrane potential have 

been designated potential sensitive Ca2+ channels or voltage

dependent Ca2 
•· channel, while Ca2+ channels that are opened by 

stimulation of pharmacological receotors 
- are known as 

receptor-operated Ca2+ channels (Bolton, 1979; Van Breemen et.

al., 1979; Meisheir et. al.� 1981). 

Bolton and Kitamura (1983) have shown that extracellular 

Ca2+ influx does not occur Vl.a Ca2
+ channels coupled to
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muscarinic cholinoceptors or mammalian visceral smooth muscle 

providing further evidence in support of the existence of at 

least two Ca2+ entry pathways in mammalian smooth muscle Ca
2+

not only triggers the contractile process, but also controls 

quantitatively the output of mechanical tension by regulating 

the amount of ATP that is metabolised during activity. The 

rapid rise in free intracellular Ca2+ resulting from increased 

t�ransmembrane Ca2
+ influx and a simultaneous liberation of 

Ca2+ from sarcoplasmic reticular stores. is thought to 

initiate the splitting of ATP by the Ca2
+ dependent ATPASE of 

·the myofibril� so that phosphate bond energy is transformed

into mechanical work (Fleckenstein, 1977). 

Contractili ty is therefore reversibly lost upon Ca2+ 

withdrawal. Alterations in the extracellular Ca2+

concentration generally leads t<1 parallel changes in the 

amount of ATP consumed by the contractile system, the 

magnitude of the mechanical tension developed, and the extra 

uptake of oxygen related to the mechanical tension generated. 

1. 6 MECHANISM OF EXCITATION CONTRACTION COtJPI,ING IN SMOOTH 

MUSCT,E 

The mechanical action responsible for smooth muscle 

contraction are associated with its contractile machine that 
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is the proteins. These proteins are arranged in an organized

thick and thin filaments (Devine and Somlyo� 1971). The thin 

filaments are fibrous actin average 5-Bnm in size and attach 

to dense bodies well connected to the cell membrane� while the 

thick filaments are bundles of myosin molecules about 15.5nm 

in size with lateral projection suggestive of cross bridges, 

extending toward the thin actin filament. Their functions in 

contraction can be compared to both the spark plug and piston 

of the contractile machine� they not only develop mechanical 

force responsible for contraction but also act as enzyme that 

quickens or aids the release of energy by which force is 

developed (Bohr, 1973). 

When a powerful excitatory agent such as Acetylcholine or 

Histamine is placed in an environment of as smooth muscle, it 

will induce or accelerate a series of cellular reactions, 

usually tl1e first step in the chain of reactions is the 

formation of a reversible complex between molecules of the 

agonist and specific receptors in the muscle plasma membrane. 

This will result in a change in tension or length of the 

smooth muscle fibres or both (Hurwitz and Suria, 1971). This 

interaction between the excitatory drug and the specific 

tissue receptors provides the stimulus which activates some 

sort of membrane transport or membrane releasing system or 
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both. This activated transport or release system promotes the 

flow of Ca2+ from extracellular storage sites. This in turn 

leads to an increase in the concentration of free Ca2+ in the 

vicinity of the contractile proteins. These ions bind 

reversibly to specific sites on the contractile protein and 

thereby initiate a mechanical response. As the excitatory 

drug is removed or withdrawn from the environment of the 

smooth muscle by washing the flow of Ca2+ into the cytoplasm 

is reduced� and the contracted cell begin to relax. 

Relaxation is initiated by ·the removal of free Ca2
+ from the 

cytoplasm (Prosser, 1974). The removal of free cytoplasmic 

Ca2+ is probably accomplished by a metabolically dependent 

calcium pump located in the plasma membrane or the membrane of 

intracellular organelles (Batra, 1973). The pump transports 

these ions to sites where they are sequestered to the external 

medium (Hurwitz Fitzpatrick Debbas and London� 1973; Batra, 

1973) 

1. 7 EVIDENCE FOR INVOT,VEMENT OF CATJCIUM IN EXCITATION 

CONTRACTION COUPI,ING 

Calcium 

depolarisation 

lS involved 

(Sperelakis, 

in the 

1962) 

process 

and in 

of membrane 

excitation 
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contraction coupling (Shene and Wassermann. 1963; Daniel. 

1964� Frank, 1964). 

Evidence for Ca2
+ involvement in smooth muscle 

contraction is the fact that relaxation or contraction failure 

occurs more rapidly in the absence of calcium in the 

physiological salt solution bathing the smooth muscle 

preparation (Daniel and Robinson, 1962). The lost con·traction 

is regained rapidly when calcium is reintroduced into the 

environment (Hurwitz Joiner Vo11 Hugen and Davenport, 1969), 

(Somlyo and Somlyo, 1971). Robertson (1960) observed that 10 

- 12 minutes were required for a maJor reduction of 

responsiveness of the rabbit ileum whereas significant 

recovery occurred less that 20 seconds after return to 

calcium. 

The 
• • 

guinea pig ileum under similar treatment lost 

responsiveness in less than 10 minutes. Offiah (1981) the 

present study; it suggests that Ach stimulation uses up Ca2+ 

(membrane or intracellular). 

1. 8 SOURCES OF CAT,CIUM IN SMOOTH HUSCT,E 

This is based on evidence obtai·ned f rom numerous 

physiological studies 
• 

on various types of smooth muscle 

fibres. Currently there is a consensus that the calcium ions
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associated with mechanical activity in smooth muscle arise 

from different sources (Hudgens and Weiss� 1968; Van Breemen

and Daniel, 1966). One is the pool of calcium that is present

in the extracellular fluid which l.S loosely bound to

superficial sites in the muscle fibres, the other is the 

t igh·tly bound pool of calcium that is intracellular location 

in the fibre. Histological and Histochemical studies have 

shown two loci inside the cell where mobilisable calcium may 

be sequestered; they are the sarcoplasmic reticulum and the 

mitochondria of the smooth muscle fibre (Somlyo� 1972). These 

two sites that store Ca2+ ions needed for contraction vary for 

all types of smooth muscle fibres. This may be responsible 

for the rate at which some muscle fibre lose responsiveness to 

stimulation wi·thdrawal of Ca2 
.... from the bathing fluid for

example in the rat mesenteric artery contractile responses to

Noradrenaline were sustained for a long period up to 1 hour 

after removal of Ca2 + from the external medium (Adeagbo and 

Okpako .. 1980) . It is then suggested that Ca2
-+- needed for

certain art�rial smooth muscle is intracellular in source. On

the other hand� intestinal smooth muscle such as guinea pig 

ileum as mentioned earlier rapidly loses responsiveness to

agonist action; this indicated that external calcium l.S 

crucial for responses in this type of muscle. 
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Preliminary studies in this laboratory have confirmed

previous observations that guinea ileum loses 

responsiveness to Histamine very rapidly in the absence of

external Ca2+ _ By the use of different concentrations of Ca2-+

in the external medium and the different time intervals of

drug administrations, result were obtained which suggested 

that in this preparation the Ca2+ directly involved in smooth 

muscle contraction was cellular 

Oladitan� 1979). 

• • • 

1.n or1g1.n (Okpako and 

In vascular muscle however, it is now almost certain that 

two pools of Ca2+ are available for mobilization by agonist 

for the excitation contraction coupling process (Bevan �t. 

al.� 1973; Van Breemen et. al., 1979). Most vascular smooth 

muscle preparations respond to agonists like Noradrenaline 

(NA) in a biphasic manner. There is an initial rapid but 

transient phasic contraction followed by a second sustained 

vascular smooth muscle t, K+ are either markedly suppressed or

completely abolished in a calcium free (O-Ca2+ ) medium or in

the presence of calcium channel blockers. The initial phase, 

on the other hand is resistant to both treatments (Godfraind 

and Kabba, 1972� Kalsner et, al.� 1970). Thus response to K+ 

as well as the second phase of NA response are said to be

largely dependent on extracellular calcium. 
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The initial transient phase of NA response is said to be

due to the mobilisation of intracellular calcium by the 

agonist (Bohr, 1963 � Bev a et. al. .. 1982). Consequently, 

calcium channels have been classified into two: Potential 

Operated Channel (POC) employed by K+ and more susceptible to

calcium withdrawal and blockade by calcium channel blockers 

while those employed by agonists like NA are said to be 

Receptor Operated Channels (ROC) and are less sensitive to

calcium withdrawal and blockade by calcium channel blockers 

(Putney .. 1978; Bolton� 1979). It is unlikely however .. that 

these channels are totally specific for calcium (Blaustein, 

1977; Triggle� 1981). 

1.9 MECHANISM OF CAI,CIUM MQRIC,ISATION BY AGONISTS: REGENT 

VIEWS 

When an agonist such as Noradrenaline activates a smooth 

muscle by binding to its receptors on the plasma membrane, a 

specific phospholipase C is activated via a specific guanine 

11ucleotide protein� phospholipase C catalyses the breakdown of 

phosphotadylinositol-4-phosphate (PIP) and phosphatidylino

sitol (Pl) with the generation of inositol-1-4-5-triphosphate 

(IP3) and diacylglycerol (DAG). 1Pa has been show11 to act as

an intracellular messenger to induce the mobilisation of ca2+

from intracellular non-mitochondrial pool, thought to be the 
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sarcoplasmic reticulum (SR)� located just beneath and closely 

associated with the plasma membrane (Somlyo .. 1985; Griendling 

et. a 1, ., 1986 � Takuwa et. al, .. 1986 � Eggermong et. al - � 1989) · 

Consequently there is a transient increase in the 

concentration of calcium in the cytosol (Ca2+) and sub

membrane (Ca+) domain of the smooth muscle. This initial rise 

in Ca2+ leads to calmodulin-dependent activation of the plasma 

membrane Ca2+ pump. The transient nature of the rise in the 

concentration of free Ca2+ is caused by (i) a limited store of 

a Ca2-.- in the sarcoplasmic retict1lum (SR) that is soon 

depleted; (ii) a Ca2
+ - calmodulin dependent activation of the

plasma membrane Ca2+ pump .. catalysing the efflux of Ca2+ from 

the cell. Tl1is Ca2+ - calmodulin dependent activation 

constitute a direct negative feedback loop which attenuate any 

rise in cystolic Ca2+ by stimulating Ca2
+ extrusion across the 

plas1na membra11e a11d or' (iii) the fact that increase in IP3 is 

transient and rapidly falls back to basal values. 
1S 

thought to regulate calcium channel activity. Alternatively, 

the calcium cl1annels are directly linked with the receptors 

and the latter regulate the activity of the former (Eggermont 

et. al,, 1987; Colucci et. al ... 1986). 

Dillon and his colleagues (see Rasmussen et. al . ., 1987) 

have shown that smooth muscle is rich in Ca2+ receptor protein 
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calmodulin (CaM) and a specific CaM-dependent enzyme the 

myosin light chain kinase (MLCK), increase in (Ce.2*) results 

in phosphorylation of myoain light chains (HCLP) leading to 

actin-dependent activation of myosin ATPASE. Mu.ecle 

contraction results pre.sumably by the formation of cyclic 

actin myosin cross-bridges. This corresponds to the firet 

transient phase of vascu.lar muscle contraction_ Recent 

e'\ridence has shown tha·t caldesmon .. a protein is closely 

associated witl1 the actin tropomyosin domain of smooth muscle. 
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Figure 1.2 

A schematic representation of the mecha11isn1 of calc� 

mobilisation in Smooth Muscle (Rasmussen �t. al., 198; 

R: receptor .. G: Guanine nucleotide binding protein, P' 

Phospholipase C� P 1 P2 : Phosphatidylinositol 

biphosphate� D<3: diaclyglycerol .. Ins. 1,45 P3: Inosit. 

1 � 4. 5-tetrakis phosphate. CaY. Sacro�·lasmic reticul 

calcium. 

(Ca2+)ci: Calcium concentration in the cytosol 

(Ca2+ )sm: Calcium concentration in the submembrane 

Ck: P t . k ro ein inase C. Cik: Calcium sensitive pla 

membrane associated protein kinase C. 
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In the absence of Ca2+ and CaM, Caldesmon, by binding to 

actin-tropomyosin, inhibits cross-bridge in a relaxed state.

Addition of Ca2+ and CaM alters the interactions between 

caldesmon and actin-tropomyosin, so that actin forms cross

bridges with phosphorylated myosin light chains. The 

consequence of the increase in the concentration of DAG is the 

activation of protein kinase C, since DAG is the only well 

characterised natural acti,,ator of C-kinase (Rasmussen et.

al& , 1987). C-kinase is universally present in animal cells

i11cluding smooth muscle. It exists in two farms .. a Ca2+

insensitive form and a Ca2
+ sensitive form. Conversion of the 

insensitive form ·to tl1e sensitive farm involves its binding to 

phospholipids and DAG. 

The increase in DAG content of plasma membrane and the 

transient increase in intracellular free Ca2+ concentration 

are two majo1" events tl1at cor11bine to activate C-kinase by 

bringi11g about the association of the C-kinase with the

endoplasmic face of tl1e plasma membrane (Wolf et. al., 1985). 

In this locations, the enzyme is sensitive to changes ., 

in 

calcium concentration in the range of 5 X 10- 7 to 10-SM_

Changes in the rate of calcium influx1 cl1ange in the activity 

of the membrane associated C-kinase. The sustained increase 

in DAG concentration also maintain C-kinase in its membrane 
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associated from leading directly or indirectly to the 

phosphorylation of a different subset of cellular proteins, 

including caldesmon and a number of intermediate filament 

protein (e.g. desmin synemin) and a few cytosolic protein. 

The rate of phosphorylation of caldesmon and other actin

binding filament proteins allows for act in myosin cross-bridge 

cycling even at relatively low calcium concentration. The 

cycling is necessary for tension maintenance and accounts for 

the second, sustained phase, there is a sustained increase in 

the rate of cJ• efflux via the plasma membrane ca2+ pump due 

to a C-kinase dependent stimulation of the pump activity 

( Rasmussen et. al. , 1987). Also, IP3 only stimulates the

efflux pathway from the SR and does not inhibit the influx 

pathway, there is an increased rate of cycling of ca2+ across 

the sarcoplasmic reticulum (Rasmussen et. al., 1987). 

1.10 ACTIONS OF ANTIMALARIALS ON MUSCLE CONTRACTIONS 

Quinine and chloroquine produced a fall in the blood 

pressure of anaesthesised dog (Nelson, 1927 a,b; Hait, 1947-

48; Sofola, 1980) as well as in man {Olatunde, 1970) . The 

hypotensive effects of quinine and chloroquine have been 

attributed to peripheral vasodilatation. The plasma 

concentration that produced complete block of Adrenaline 
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induced vasoconstriction as well as the vasoconstriction 

response to splanchnic nerve stimulation in anaesthesised dog 

was (7µg/ml). 

Ebeigbe and Aloamaka (1982) studied the action of 

chloroquine on the mechanical activity of the rat portal vein 

and reported that chloroquine depressed spontaneous mechanical 

activity and inhibited Noradrenalin induced contractions. 

They concluded that the vascular smooth muscle depressant 

effects of chloroquine was attributable to an inhibitory 

action by chloroquine on extracellular ca2+ influx. 

Huddart and Saad (1977, 1978) studied the effects of 

quinine on rat ileal smooth muscle and reported that quinine 

caused relaxation of the rat ileum. The relaxant effect of 

quinine as well as the time course of the response was 

mimicked by Lanthanum, an inorganic ca2+ channel blocker which

strongly competes for plasma membrane binding sites, 

effectively sealing membranes against ca2+ influx (Godfraind, 

1976). 

Huddat and Saad (1977) also measured 45 ca2+ movement and 

found that quinine prevented the entry of ca2+ in much the same 

fashion as La3+. In the rat ileal strips contracted with KCl

and acetylcholine in which myoplasmic ca2+ levels are raised 

quinine induced relaxation of the contraction and this was 
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was accompanied by efflux of 45Ca2+_ Similar results were 

obtained with La3+_ Huddat and Saad (1977) therefore 

conc.luded that the site of action of quinine in the rat ileum

on the pl.asma membrane was by direct action .. the compound 

prevents the entry of Ca2+. Rather .. similar results were 

obtained by Savage and Akinlalu (1985) on rat rectum. These 

authors found that quinine enhanced rat rectal contractility 

at low concentrations while it relaxed the rat rectum at 

higher concentrations by a Ca2+ antagonistic action. 

In the isolated lizard rectum, Savage and Lawal (1986) 

observed that quinine produced powerful contractions of the 

lizard rectum which we1'e inhibited by Ca2
+ withdrawal and by 

low concentrations of Nifedipine (a calcium channel blocker) 

sugges·ting that quinine induced contractions in ·this tissue 

preparations wei .. e due to extracellular Ca2+ influx into the 

muscle. In a recent study on rat isolated ileum, Ebeigbe et.

al. (1986) showed that chloroquine depressed spontaneous as 

well as acetylcholine induced contractions of the rat ileum, 

which the authors attributed to inhibition of Ca2+ influx as 

well as to impaired mobilization of Ca2+ from acetylcholine

sensitive membrane bound pool. Myocardial depression produced 

by quinine and chloroquine is i-1ell documented. Sl1ine (1973) 

found that 
• • 

quinine in millimolar concentrations depressed 
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tension development in the perfused rabbit intraventricular

septum; while Ikhinwin et. al, (1981) reported that quinine

and chloroquine induced myocardial depression in pithed

turtles. 

The depression of cardiac contractility in the turtle was 

fully reversible by excess CaCl2. Thus ample evidence has 

been provided from several independent studies to suggest that 

quinine and chloroquine interfere with Ca2+ translocation in 

intestinal, vascular and cardiac muscles and indeed, other 

muscle type.s. It is also noteworthy that Akodu (1985) found 

that quinine exerts antimuscarinic, antiadrenergic as well as 

potent ca2-,� antagonistic action on the rat anoccoccygeus 

muscle; in the study it was conclt1ded that the multiple 

actions of quinine 1night be explicable on the basis of Ca2+ 

i11flu..x stin1ulated via various pathi-1ays. Olatunde (1970) 

studied the effects of chloroquine on his�amine and 

acetylcl1oli11e and 5-hydro.1<:ytryptamine ( 5-HT) contractions in 

guinea pig ileum and concluded that chloroquine antagonism of 

smooth muscle contraction was due to its direct spasmolytic 

action rather than by a specific antagonism of receptors. On 

the other hand� Akubue (1975), studied the effects of 

chloroquine on Histamine induced contractions of the isolated 

guinea ileum and concluded that chloroquine at a 

i 

! 
• 

.

.
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concentration of O. 75µ.g1
1m1 -1 was a specific antagonist of 

Histamine at Hi-receptors. Famaey et. al . ( 1975) also studied

the inhibitory effects of chloroquine among other various 

structurally unrelated compounds such as narcotics, non

steroidal anti-inflammatory drugs (NSAID) steroidal anti

inflammatory drugs (SAID) on electrically induced contractions 

of isolated guinea pig ileum and found that chloroquine 

(2.5µg/ml and lOµg/ml) inhibited electrically induced 

contractions in the same manner as the narcotics� NSAID and 

that this inl1ibition was dose related and was reversed by low 

concentrations of prostaglandin ( see also Famaey et. al., 

1977a�c). These authors also concluded that the antagonism of 

PGE2 , Histamine and 5-HT was 11on-specific and non-competitive. 

Okpako (1978) studied the interaction of the aminoquinolines, 

Amodiaquine and Mepacrine with PGE and Histamine in various 

mammalian tissues� he found that in the rat stomach strip low 

concentrations of the ant imala1:·ial drugs potentiated 

contractions to PGE2. All drugs inhibited PGE2 induced 

contractions in guinea pig ileum and there was no evidence of 

specific interaction with receptors. Makinde (1977) studied 

the mechanisms of cardiotoxic effect of chloroquine on

isolated atria. The spontaneous contractile tension and rate 

of isolated atria were recorded and found that low 
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concentration of antimalarial produced a reversible dose 

dependent negative chronotropic and negative inotropic effects 

on the muecle, while higher doses of chloroquine caused 

complete cessation of spontaneous action shortly after adding 

the drugs. Studies on antimalarial effect on skeletal muscle 

have also been reported. Okwuasaba et. al. (1990) determined 

the effects of acute and chronic administration of chloroquine 

on the responsiveness of rat diaphragm to electrical 

stimulation of phrenic nerve. These authors concluded that 

acute and chronic chloroquine administration resulted in 

reduction in response of the diaphragm to electrical 

stimulation and drug action. The authors suggested that these 

effects were dependent on its direct inhibitory action on 

skeletal muscle probably due to interference with Ca2+

mobilisation within the muscle. 

1.11 OBJECTIVES OF THE PRESENT STUDY 

In 
• 

view of the several reports of the interaction of 

quinine and chloroquine with Ca2+ in different muscle

preparation from different species in the literature, the

present study was designed to study the probable sites of

actions of antimalarial in smooth muscle. In order to broaden

the scope of the study and to be able to infer any structure-
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action relationships, the follow�ng t 1 1 d � an ima aria rugs were 

studied: Chloroquine and Amodiaquine (4-aminoquinoline), 

Mepacrine (8-aminoquinolines), Quinine and Mefloquine 

(Quinoline methanol), and Halofantrine (Phenathrenemethanol).

generally accepted that contractions evoked in 

different smooth muscles may involve calcium mobilised from 

I·t l.S 

extracellular or intracellular stores (Bolton, 1979) depending 

on muscle preparation and agonist used. The ref ore, ·the 

following smooth muscle preparations have been used in this 

study: the rat stomach strip ( RSS), guinea 
• 

p1.g ileum 

(longitudinal muscle strip), and rat aortic strips. 

Previous studies (Offiah� 1981) and preliminary 

experiments i11 the present series suggested that the guinea 

pig ileum which has very little tone under these experimental 

conditions has a small intracellular calcium storage capacity 

compared to the rat stomach strip preparation ( see also 

Sparrow and Simmonds� 1965; Hurwitz and Joiner. 1969). 

The rat aortic strip preparation was used as an example 

of a vascular smooth muscle preparation. The main drugs used 

to excite the smooth muscles were acetylcholine (Ach). 

Histamaine (Hist), Noradrenaline (NA)� Potassium (KCl) and 

Calcium. The aim was to see whether the type of receptor

activated had any effect on the action of the antimalarial or
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whether the latter had di£ f erent effects on receptor and 

potential operated calcium channels. 

• 

.. 
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CHAPTER TWO 

MATERIALS AND METHOD 
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2 .1 ANIMAI,S 

All animals used in this study - albino rats (Sprague

Dawley Strain); Guinea pigs (bred from a strain developed in 

Vom Nigeria) were brought from the National Institute of 

Medical Research, Yaba, Lagos and locally bred in the 

Department animal house. The animal house was adequately 

ventilated. Rats were fed on standard livestock pellets 

(Pfizer Nigeria Limited) supplemented with green grass. All 

animals had free access to water. 

2. 2 PHYSIOT,OGICAI, SOI,UTI0�1S 

• 

The following physiological solutions were used: 

Tyrode Solution mM/1 

Sodium Chloride 138 

Sodium bicarbonate II 

Potassium Chloride 3.4 

Magnesium Sulphate (H20) 6.5 

Sodium hydrogen phosphate (2H20) 2.4 

Calcium Chloride 1.8 

Glucose 5.0 

The temperature of the solution bathing the tissue was

oc d s aerated. In Ca2+ free solution 
maintained at 37 an wa 
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CaCl2 was omitted while in some experiments, Ca2+ was varied

from l.8mM, 0.9mM and 0.45mM. 

2.2a Ca2+ EGTA CONTAI_NING TYRODE 

In this solution CaCl2 was omitted and 0.5mM EGTA was 

added. The addition of EGTA - a chelator was to make sure no 

interference of external Ca2+ from the bathing physiological 

solution. 

2. 2b PHY.5IOT,OGICAr, SOf,UTIQNS

Krebs solution in mM /1 

This was a modified krebs solution as used by Kosterlitz, 

Lydon and Watt (1970). 

Sodium Chloride 118 

Sodium Bicarbonate 25 

Glucose 10 

Potassium Chloride 1.2 

Calcium Chloride 1.6 

Potassiwn Dihydrogen Phosphate 1.2 

Magnesium Phosphate 1.2 

2. 2c DEPO!,ARISING KREB$ 55mM g/I,

Sodium Chloride 1.8 

Potassium Chloride 4 
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Potassium Dihydrogen Phosphate 1.2 

Sodium Bicarbonate 2.0 

2.3 DRUGS 

Glucose 1.0 

(Calcium chloride was omitted) 

The drugs used in this study include Acetylcholine 

Bromide (Sigma), Amodiaquine (Sigma), Chloroquine Diphosphate 

Anhydrous (Sigma), Ethylene-Diaminetetra Acetic Acid EGTA 

(Sigma), Halofantrine and Mefloquine were kindly provided by 

Dr. A.M.J. Oduola from supplies obtained through the World 

Health Organisation (WHO). Noradrenaline, Histamine (Sigma), 

Dil t.iazem ( Sa11doz) .. tv1ethylene blue ( Laboratory HBL reagent). 

2.4 DRUG SOI,UTIONS 

Stock soluti.ons of Halofantrine .. Mefloguine� were 

dissolved in 30% ethanol .. acetylcholine was dissolved in O.lM 

hydrochloric acid. The rest of the drugs were dissolved in 

distilled water and these stock solutions kept at -20 °C until

required for use. 

2.5 STATISTICAT, ANAI,YSIS 

1 

'
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Reau! ts are expressed as mean standard error of the mean .,

where n represents the number of observations in the group.

Where comparison between groups were made using student �t i

test, di£ f erence between the 

significant when P < 0.05. 

the 

2. 6a WHOI,E II,EUM PREPARATIONS

groups was taken to be 

Guinea pi�of either sex weighing 250-300g were used. 

They were stunned by a blow on the head and exsanguinated. 

The ileum was removed� the region 8-12cm nearest the ileocecal 

junction was discarded. The lumen of the ileun1 was flushed 

with 101nl of physiological salt solution from a 10ml pipette. 

The mesentery was then trimmed away. Pieces of ileum 2-3cm 

long were then set up in 20ml organ bath. Both ends of the 
, 

ileum were open allowing mucosal secretion and debris to be 

voided .. The tissue was bathed in Tyrode physiological 

solution, gassed with air and thermostatically maintained at 

a temperature of 37°C. Contractions were monitored by a force 

displacement transducer (FT. 03) connected to a Grass 

Polygraph Model 7D. 

ileum was left 

Before beginning t11e experiment.. the 

the bath for 45 minutes to equilibrate 

during which time the bath fluid was repeatedly changed.

Contractions were evoked by Acetylcl1oline, Histamine Potassium
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Chloride�. the drugs 1 were a lowed to remain in contact with 

tissue until tl1e maximum response for each contraction ha.d 

been recorded. Drugs were added in randomised manner, the 

drugs were then washed out and the tissue al lowed to rest

before ano·ther stimulus was applied. During resting time the 

bath fluid was changed at intervals. 

2 - 6b T,ONGITCJDINAT, MUSCI,E STRIP PREPARATION 

The ileum having been removed .. was flushed as in the 

whole ileum preparation 'tvi th a pipette containing Tyrode 

solution. A piece of ileum approximately 10cm long was 

stretched on a glass rod and the mesentery trimmed with curved 

scissors as close to tl1e gut as possible_ Sheets of the 

longitudinal muse le 'tve1--e obtained by tl1e n1etl1od of Ambache 

( 1954) The detachment of longitudinal sheet at one end of 

the segment before the sheet could be pulled was easier by 

tangential stroking (Rang� 1964) starting at the mesenteric 

border with a damp wisp of cotton wool until about 3-4crn of 

longitudinal muscle were completely free at one end. The free 

end was now pulled vertically to obtain the sheet, strands of 

circular muscle adhered to the starting end b1.lt i'lere left 

behind as the rest of the sheet was detached by pulling. In 

order to obtain robust preparations, large guinea pigs were
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used. The preparation just described yields a strip with

auerbach plexus attached. 

2.6c MOUNTING OF THE LHS 

The longitudinal muscle strip of the guinea pig ileum was 

mounted in the organ bath, the tension on the muscle was 0.5g. 

The temperature of the organ bath was kept constant at 37 ° C by 

circulating warm water around the jacketed organ bath. Muscle 

contractions were monitored on a force displacement 

transducer, model FT. 03, and recorded on polygraph model 70.

2.6d PREPARATION OF RAT STOMACH STRIP 

Rats of either sex were starved overnight but had access 

to water. The animals were killed by a blow on the head and 

bled out. The stomach was dissected free from abdomen and 

placed in Tyrode solution at 37° C aerated with air. The 

fundus is recognised by its grey colour, translucent balloon-

like tissue. The fundic strip was prepared essentially as 

described by vane (1957). The fundus was cut open into a 

strip by cutting spirally. One end of the strip was tied to 

the tissue holder and lowered into the organ bath, while the

other end was attached to a force displacement transducer, 

model FT. 03, under a resting tension of lg.
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Diagram showing the method of cutting fundic strip. 

Reproduced from Vane J.R., 1957. 
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2.6e EREPARATION OF RAT AORTIC STRIE 

Adult albino rats 150-200g were killed by a blow on the 

head and bled out as previously described. The thoracic aorta 

was removed by dissection and placed in a petri dish 

containing physiological salt solution buffered at pH 7. 2-7. 4. 

The vessel was carefully cleaned of adhering connective 

tissues, and a piece of probe was inserted through the lumen 

to rub off the endothelium. A spiral cut was made according 

to Furchgott and Bhadrakom (1953). The tissue was 

equilibrated for one hour in a 20ml organ bath. During this 

period, tl1e bathing fluid was changed every twenty minutes. 

The tissue was co11nected as previously described for the rat 

stomach strip and gt1inea pig longitudinal muscle. 

•
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CHAPTER THREE 

RESULTS 
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3.1 EFFECT OF SELECTED ANTIMALARIAL DRUGS ON HISTAMINE

INDUCED CONTRACTIONS OF LONGITUDINAL MUSCLE STRIP (LMS) 

OF GUINEA PIG ILEUM 

The aim of this experiment was to compare the effect 10- 7

concentration of different antimalarial drugs on a submaximal 

contraction caused by 5 x 10-eM Histamine. 

contractions were elicited to histamine. 

Submaximal 

The dose of 

histamine was then r-epeated l. n te presence of 
-7

10. M

concentration of antimalarial. The responses in the presence 

of the antimalar-ial were expressed as a percentage of the mean 

res po n s e be ·fore the add 1 t i on of the an t i ma 1 a r i a 1 . T he ta b 1 es 

( I and '2..) show that CQ, l"'IPC and AMDQ enhanced histamine 

response by 75, 88 and 90'l. r-espectively. 

The antimalarials showed a dual effect in their 

interaction with acetylcholine and Histamine. In low doses 

( 1 O-l�
M 

- 1 (..) -�,) t he pre do m in an t and mos t con s i s ten t e f f e c t was 

potentiation of agonist contraction. 

caused i n h i b i t i on o f H• st con t r a c t ion . 

Doses higher than 10-�
M

In most of the work 

that fol lowed low ( 10-7
..,.) and high ( 10-v concentrations of 

antimalarial were used wher-e necessary as potentiating and

inhibitory concentrations. 
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TABLE -1.: 

A compar-ative effect of 10- 7M concentr-at.1on of the drugs is 

shown in Tab 1 e I. In this exper-iment 1 the ef fect of th1� 

concentration of aminoquino 1 ine on subma x ima 1 con tract1�ll 

caused by 5Y.10-0M Histamine were determined. T he ta b l e s ho�s 

that CQ, MPC and AMDQ enhanced the Histamine by 75 1 88 ana 00\

res pee ti ve I y, whereas r1FQ and HFT pr-odL1 ced en han cement of 1'

and 8% respectively. 

•
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TABLE 1 : . •  THE EFFECT OF 10-7M CONCENTRATION OF CHLOROQUINE AND

RELATED DRUGS ON CONTRACTIONS OF GUINEA PIG ILEUM 

TO HISTAMINE IN NORMAL TYRODE 

..... �. _,,,,_ -

DiOG KEAR CORTROL RESPOHS! TO KKAK iESPONSK TO PF I POTEITIATIOI OF 

HISTAKIRE ( KM) HISTAKIRE II THE EACH R!SPORSI 

PRESENCE OF DiUG 

Chloroquine 3.6±0.60 (12) 6.3±0.25(12) 0.62 75 

Kepacr1ne 5.5±0.25 (10) 7.St0.15 (10) 0.55 88 

. 

A1od1aqu1ne 5.St0.25 (12) 10.St0.25 (12) 0.51 90 

Kefloquine 3.5±0.81 (8) ,.o±o.1s (8) 0.92 1( 

Balofantr1ne 3.St0.35 (8) 3.8t0.25 (8) 0.99 8 

Figures in parenthesis represent number of observations. 

Some parameters in the table were significantly different 

(p < 0.05) except MFQ and HFT as shown in the PF column. 
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-. 

TABLE 2: 

Relative potencies of antimalarials in inhibiting Histamine-

induced contractions are shown as% inhibition of contraction 

induced by a standard dose of Histami11e ( 8xl0- 8H) . 

Note: CQ and MPC are 11ighly potent where HFQ and HFT are not. 

Amodiaquine was not 

insolubility. 

tested in this concentration due to 

Some parameters within the table were sign if ica11tly 

different�(p < 0.05). 
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TABLE 2: THE EFFECT OF 10-4M CONCENTRATION OF CHLOROQUINE AND

RELATED DRUGS ON CONTRACTIONS OF GUINEA PIG ILEUM 

TO HISTAMINE sx10-8M IN NORMAL TYRODE SOLUTION

DRUG 

Chloroquine 

Hepacrine 

Alodiaquine 

Mefloqu1ne 

Balofaotr1ne 

·-- --
-

KRAH CORTROL RKSPOHSE TO 

B ISTAKIRE ( KK) 

3.6±0.60 (12) 

5.5±0.25 (10) 

- -

5.5±0.02 (12) 

-· I 1 11- -1•-•-

3 . 5±0. 08 ( 8) 

3.St0.03 (8) 

-

KEAR iESPORSE FOR HISTAKIRE I IHRIBITIOI OF 

IR THE PRESENCE OF DRUG RISTAHIKI 

ik 1.2t0.52 (12) 66 

:it,; 0.8±0.21 (10) 86 

Rot Tested lot Tested 

3.2!0.10 (8) 8 

--

3.3±0.03 (8) 6 

Figures in parenthesis represent number of observations. 
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3.2 L C E LAR u co

GUINEA PIG I I,EUM TO ACETYI,CHOI,INE

The following antimalarial drugs were studied.;

Chloroquine (CQ), Amodiaquine (AMDQ).

Halofantrine (HFT) and Mefloquine (MFQ).

Mepacrine (MPC), 

Control response 

curves to acetylcholine were obtained by random addition of 

the agonist. Thereafter the tissue was incubated in various 

concentrations of antimalarial for 30 minutes. In so; ime 

experiments time control preparation were included to ensure 

that changes in contraction induced by drug were independent 

of time-dependent changes in tissue sensi ti vi ty. A dose 

response curve was constrt1cted. Each response to Ach was 

expressed as a percentage of the maximum obtained before the 

addition of chloroguine. Tl1e antimalarials showed a dual 

effect in tl1�ir interaction with acetylc11oline. 

In low doses (10-12 - J0-7)� the predominant a11d most 

consistent effect �las potentia tion of agor1ist cont1'action. 

Dose.a hig}1er than (, 10-5) caused iz1hibition of Ach

contraction. T}1ese z--esul ts are shown in {!igure 4-) 'It can be

seen that the effects of MPC ar1d AMDQ on Ach contraction in

gul.. · · 1 s1.· mi' lar to tl1ose of chloroguine. On thenea pig i eum were 

other hand, MFQ and HFT showed neitl1er distir1ct potentiation

at 1 d · h · b · ti· on of tl1e }1ig}1er dose of l0-4M.
-OW oses nor 1n 1 1 

The 
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nature of the inhibition by CQ, MPC, and AMDQ was consistent

with non-competitive antogoniam with 
• 

maximum response 

depressed but there was no increase in threshold dose. 

Note: In this experiment, percentage maximum response was used 

in order to normalise responses from different experiments. 

In some other experiments, absolute unit of the height of 

contraction (mm) were used. 

•

• 
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Figure 4: Dual effect of CQ on Ach induced contraction of 

isolated guinea pig ileum. 

0----Q CQ 10- 7M ..

---0 CONTROL .. 

o----0 CQ 10-4M 

Bars represent S. E. �l. where ( n=9 exp. ) 

l
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Figure 5: Effect of Halofantrine on Histamine induc 

contraction of isolated guinea pig ileum. 

x x HFT 10
=7M,

0�-Q Control, 

--A HFT 10-4M.

Each point represents the mean and standard error of s

experiments. 
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3.3 INTERACTION OF ANTIMALARIALS ON CONTRACTIONS INDUCED BY 

POTASSIUM CHI,ORIDE 

The following antimalarial drugs were studied: CQ, AMDQ,

MPC � HFT and MFQ. It is lrnown that potassium-induced 

contractions of smooth muscle may not involve specific 

receptor occupation but a mobilisation of external calcium 

following membrane depolarisation. It was there£ ore of 
-

interest to test the effect of selected antimalarials on K+

induced contractio11s. The procedurefo� eliciting contractions 

as earlier mentioned was similar except that high K+ (mM) was 

used before and after incubating the tissue in antimalarial. 

It can be seen that low dose CQ potentiated K+ , but doses 

of antimalarials that produced marked inhibition of 

Acetylcholine and Histamine contractions in rat stomach strip 

and guinea pig ileum respectively had very little inhibitory 

effect on KCl induced cont1--actio11s in rat stomach strip. 

Contractions induced by higl1 potassium were thus less affected 

by antin1alarials than receptor mediated contractions. ( Figure 6 

• 

r 
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Figure 6· Effect of CQ on I{+ induced contraction of the

isolated guinea pig ileum 

CQ 10-7M� 

Or----O Contra 1 � 

0----0 GQ 10-4M.

Each point represents the mean and standard error of six

experiments. 
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EFFECTS OF SELECTED ANTIMALARIAL DRUGS ON CONTRACTIONS OF
RAT STOMACH STRIP TO ACETYT,CHOT,INE

The following antimalarial drugs were studied, 

Chloroquine ( CQ)' Amodiaquine (Af1DQ), Mepacrine (MPC), 

Halofantrine (HFT) and Mefloquine (MFQ)_

Control Dose response curves to acetylcholine were 

obtained by random addition of the agonist. Thereafter, the 

tissue was incubated in various concentrations of antimalarial 

for 30 minutes. Time control preparation in some experiment 

were.included to ensure that changes in contraction induced by 

drug were independent of time dependent changes in tissue 

sensitivity. Dose response curves were constructed by adding 

the dose of agonist in a random manner until a maximum 

response was obtained. Each response to Ach was then 

expressed as a percentage of the maximum response obtained 

before the addition of chloroquine. 

In general, the antimalarials showed a dual effect in 

their interaction with acetylcholine. In low doses 10-12 -

1 t and most consistent effect was0-7M the predominan 

potentiation of agonist contraction. Doses higl1er than {>10-

6�) · f Ach contraction (Fig. 4).
n caused inhibition o 

d AHDQ on Ach contraction i11 1'at
The effects of MPC an 

· ·1ar to those of chloroquine. On the 
stomach strip were simi 
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3 -4 EFFECTS OF SELECTED ANTIMALARIAL DRUGS ON CONTRACTIONS OF
RAT STOMACH STRIP TO ACETYI,CHOI,INE

The following antimalarial drugs were studied, 

Chloroquine ( CQ)' Amodiaquine (AMDQ), Mepacrine (MPC), 

Halofantrine (HFT) and Mefloquine (MFQ). 

Control Dose response curves to acetylcholine were

obtained b y  random addition of the agonist. Thereafter, the 

tissue was incubated in various concentrations of antimalarial

for 30 minutes. Time control preparation in some experiment 

Wert. included to ensure that changes in contraction induced by 

drug were independent of time dependent changes in tissue 

sensitivity. Dose response curves were constructed by adding 

the dose of agonist in a random manner until a maximum 

response was obtained_ Each response to Ach was then 

expressed as a percentage of the maximum response obtained 

before the addition of chloroqui11e. 

In general, t}1e antimalarials showed a dual effect in 

their interaction with acetylcholine. In low doses 10-12 -

1 t and rnost consistent effect was 
0-7M the predominan 

potentiation of agonist contractior1. Doses }1igl1er than ('10-

5M) . f Acl1 contraction (Fig. 4).
n caused inhibition o 

d AMDQ or1 Ach contractio11 in rat
The effects of MPC an 

· · lar to t}1ose of chloroquine.
stomach strip were simi 

On tl1e 
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other hand, MFQ and HFT showed neither distinct potentiation

at low doses nor inhibition qf the higher dose of 10-4M (See

Fig. S) - The nature of the inhibition by CQ, MPC and AMDQ was 

consistent with non-competitive 

response depressed but there was 

(See Fig.�). 

antagonism 1 with maximum 

no increase'"threshold dose 
I\. 
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62 

• 

Dual effect of antimalarial ( CQ) on Ach induced 

contraction of the isolated rat stomach strip. 

0·---0, control Ach alone. 

In the presence of CQ 10-7M 0-----0 . 

and 10-4M 

Each point represents the mean and standard error

of six experiments. 
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64 

Effect of different concentrations of Mefloqui 

(Mfq) on Ach induced contraction of the isolat 

rat stomach strip. 

o----o MFQ 10-7M, 

A----A Control, Ach alone. 

0----Q MFQ 10-4M 

It can be seen tl1at potentiation and inl1ibition o

antimalarial were not markedly distinct. Eacl 

point represents the mean and standard error of si� 

experiments. Some bars omitted to avoid overlap.
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3 .5 COMPARATIVE EFFECTS OF r,ow ( 1Q-7M) AND HIGH ( 1Q-4M} 

CONCENTRATIONS OF THE ANTIMAI,ARIAT,S IN RAT STOMACH STRIP 

A comparison of t11e effects of 10-7M concentration of tl1e 

drugs is sl1own in Table 3_ 

In tl1is experiment� the effect of this concentration of 

the anti1nalarial 011 a submaximal contraction caused by 5xl0-

8M acetylcl1oline were determined_ The table s110\vs that CQ, 

MPC" and AMDQ e11}1anced the acetylcholine response b�, 71, 92 

and 89% respectively, whereas MFQ and HFT prodtlced 

enl1ance1nents of 29 a11d 20% 1 .. espec"tively. 

The ?"esul t o±' a si1ni la1.. ex1-1er· irne11 t using tl1e l1igl1er 

concentratior1 ( 10- 4t"1) ()f tl1e c:it"ug 011 Ac.:·}1 i11dt1\_---ed co11t1 ... actions 

as sl1ow11 ir1 Table 't-- It l'i-1.11 lie !=t:.:>"''Il tl1:1.: ,·�- �!I'(' ancl At--1DQ are 

pote11 t i11}1 ibitors ul Ar,}1 ·1t tl118 roncer1tration. In contrast 

MFQ ar1d HF1' nre virtually without effect being only 12% and 

1%. 
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Table } : RAT STOMACH STRIP 

A comparative effect of low (10- 7) concentration of th! 

drugs is shown in Table 3. In this experiment, the effect of 

this concentration of aminoquinoline on submaxial contraction 

caused by 5x10-SM Ach were determined. The table shows that 

CQ, MPC and AMDQ enhanced Ach responses by 71.. 92 and 891 

respectively whereas MFQ and HFT produced enhancements of 29 

and 20% respectively. 

Some parameters within the table were signi ficantlr. 

different ( p < O. 05) except MFQ and HFT effect 011 agcni5t

induced contraction (see PF). 

Potentiator factor (PF) was estimated by calct1lahng the

ratio of the dose of Ach for a given effect before a11d ir1 tht

presence of antimalarial. UNIV
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TABLE 3: THE EFFECT OF 10-'M CONCENTRATION OF CHLOROQUINE AND 

RELATED DRUGS ON CONTRACTIONS OF RAT STOMACH STRIP 

TO ACETYLCHOLINE sx10-8M IN NORMAL TYRODE

-· -�- ----- �----

DRUG KEAR CORTROL RESPORSE TO KEAR RESPOISR TO ACH IR PF I POTIITIATIOR OF 

ACH (KK) THE PiESERCE OF DRUG EACH RES RRSPORSE 

Chloroquine 8.5±0.32 (12) 14.8±0.52 (12) 0.63 71 

-

Mepacrine 6.0±0.24 (12) 11.5±0.64 (10) 0.50 92 

Alodiaqu1ne 9.0±0.52 (10) 17.0±0.43 (10) 0.55 89 

Hefloquine 7.8±0.45 (8) 10.0±0.71 (8) 0.95 29 

Halofantr1ne 15±0.32 (8) 17 .9±0.81 (8) 0.98 20 

Figures in parenthesis represent number of observations. 
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TABLE 3: THE EFFECT OF lO�M CONCENTRATION OF CHLOROQUINE AND 

RELATED ,DRUGS ON CONTRACTIONS OF RAT STOMACH STRIP 

TO ACETYLCHOLINE sx10-8M IN NORMAL TYRODE

• 

DRUG KEAR CORTROL RESPORSE TO KIAB RRSPORSI TO ACH IR PF I POTIRTIATIOR OF 

ACH (KK) THE PRESENCE OF DRUG EACH RES RESPOISE 

Chloroquine 8.5±0.32 (12) 14.8±0.52 (12) 0.63 71 

--·· 
� 

Hepacrine 6.0±0.24 (12) 11.5±0.64 (10) 0.50 92 

Alod1aquine 9.0±0.52 (10) 17.0±0.43 (10) 0.55 89 

-

Hefloquine 7.8t0.45 (8) 10.0±0.71 (8) 0.95 29 

Ralofantrine 15±0.32 (8) 17.9t0.81 (8) 0.98 20 

Figures in parenthesis represent number of observations. 
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TABLE 4 : 

Relative potencies of antimalarials l. n in hi bi ting �: 

ind u c e d con t r a c t 1 on s are shaw n as 'l. i n hi b i t i on o f con tr-ac ti 

induced by a standard dose of Ach (5x10- 9M). 

Nate: CQ and MPC are highly patent compared to MFQ and�

Amodiaquine was not tested l. n this concentration due'

insolubility. 

Some parameters within the table were s 1 g n 1 f 1 can�

d i f fer en t ( P < 0 . 0 5 ) ex c e pt MF Q and HF T ; w h i l e Amo d i a q L11 ne �

not tested, because it precipitated 0L1t of the physiologl'

solution. 
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TABLE 4: THE EFFECT OF 10-4H CONCENTRATION OF CHLOROQUINE AND

-

DRUG 

Chloroquine 

Kepacrine 

Alodiaquine 

Kefloquine 

Balofantrine 

RELATED DRUGS ON CONTRACTIONS OF RAT STOMACH STRIP 

TO ACETYLCHOLINE sx10-8M IN NORMAL TYRODE SOLUTION

··-

'_.;::=:,:NI:. Ll' ::,_,!! = •;:c :-

KKAR CONTROL iESPORSE TO 

-

ACH (KK) 

·-- -

8.St0.35 (12)

·---- --

6.0±0.22 (10) 

-w ·-·-·

9.0±0.50 (12) 

. 
• 

7.8±0.(5 (8) 

15±0.32 (8) 

- ' 

KEAR RESPOISi TO ACB II I IIHIBITIOI or

TBK PRKSIICI OF DIOG ACH HESPOISi 

3.7t0.62 (12) 63 

- 100 

Rot Tested Rot Tested 

6.9±0.15 (8) 12 

14.9±0.81 (8) 1 

Figures in parenthesis represent number of observations. 
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, 

I 

Figure 9: Representative tracings of the ef feet o 

Chloroquine pre-incubation on Ach 

Contractions. 

Calibration: Horizontal 2.5mm and vertical 

Arrows indicate point of chloroquine addition. 
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3. 6 EFFECT OF VARYING THE CONCENTRATION QF CAI,GIUM IN

P..HYSIOI,OGICAI, SAT,T SQl,UTIQN ON ANTIMAI,ARIAI, ACTION
The aim of this experiment was t h h · theo see ow c anges in 

concentration of Ca2• in tl1e external medium affected the 

responses to Ach in the presence of low and high concentration 

of the drugs studied. The aim was also to investigate the

possibility that the antimalarial drugs might interact with 

Ca2+ at the cell membrane. The same procedure for determi11ing 

agonist effect was used ir1 these experiments. 

(a) Rat Sto1nach Strip

The co 11c en tr at i o 11 of cal c i uni in t 11 e Tyro de sol ·u ti on 

was varied froin 1. 8111M to O. 451nM. At eac 11 Ca-+·+ 

concentratio11 .. tl1e effect of low ( 10-7M) and l1igh ( 10- 4M) 

conce11tratio11s of antin1al1--iat on Ac}1 .. [)RC was determined. 

The results are shoi-._111 i11 Figures IO-i?, - It ca11 be seen 

that as extracellular calcium decreased tl1e potentiating 

effect of .low dose ar1timala1"ial decreased. \vhile tl1e 

inhibi tor�r effect of }1igl1 dose a11ti1nalarial increased. 

The degree of leftward sl1ift of agonist dose response

curve was in inverse re 1 at i o 11 to t 11 e co 11 c e 11 t 1--at ion o f 

calcium in the bat11ing n1ediu111.

At o _ 45rnM Ca2+.. low dose ant.i..n1alarial rat11er tl1a11

potentiate. inhibited agonist contraction (see Figureil)
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Figure 10: GUINEA PIG IT,EUM 

Effect 
-

o_ . .,.,o different concentrations of CQ on Ach 

contrac ions o-: guinea pig ileum in O. 9mM Ca2-+- and 1. BmM Ca2+ .. 

Control r sponses 

_n 0.90..� Ca (Ach alone) 

Responses 1n 

10-7 MC

-----• 10-

Each point 1 s a 

±SK�. 

L v 1 ign_fican e

of 1 experiments. 

5 

Ver r 
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Figure 11: GUINEA FIG IT,EUM 

Effect of two different doses of CQ on Ach induced

contractions in guinea pig ilet1m in O. 45mM Ca2+. 

0 -0

o----o 

!Ill C • 

Control in 1. Bm.M Ca2+ ( Ach alor1e) 

0.45mM Ca2
+ (Acl1 alone) 

Respo11ses in 10-7 MCQ + 0. 45mM Ca2+

10- 4 MCQ + 0.45rn.M Ca2+ _

Each point is a mean of 10 experiments .. vertical bars indicate

± SEM. 

* Level of significance (p < 0.05). 
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Figure 12: RAT STOMACH STRIP 

Effect of AMDQ on Ach induced contraction in rat stomac

strip in 0.9mM Ca2-.

Control in 0�-- l.8mH Ca2+ (Ach alone)

0.9mM Ca2
+ (Ach alone) 

Responses in l0-7M AHDQ + 0.9mM Ca2+
-----• 

Each point is a mPa.� 

::. SEM. 

o:: 8 experiments� vertical bars 1nd 

Level or_ 1gn1. 1can . _ . ce p .,,. 0. 05) . 
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Figure 13: RAT STQMACH STRIP 

Effect of AMDQ on Ach induced contraction in rat stomach

strip in 0.45mM Ca2+_ 

Control in l.BmM Ca2
+

0.45mM Ca2+ 

Response in 10-7M AMDQ + 0.45mM Ca2+

Each point is a mean of 8 experiments, vertical bars indicate

standard error. 

* Level of significance (p < 0.05).
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Ji1!BCT · -QF CAI,CIUM PEPRIVATI.ON IN PHY$IOiailiiIQA1, 5At,I 

So!AltION: QH ACH 1NPUCEP CONTRACTIONS IN RAT STOMACH $TRIP

_,ass). GU.INEA. EIG II&EUM {GP!) AND RAT AQBTIC STRIP (RAS)

In this experiment, diff t d f h eren oses o agoniet Ac . , 

Hietamine, Noradrenaline (NA), were applied until a dose 

reeponse relationship was established. The dose of agonist 

producing about 75% of maximum response was selected and 

reP,eatedly applied to the tissue at regular intervals, until

a steady response was 0bta:i!ned. The normal physiological 

solution was then replaced with one from which Ca2
• had been 

omitted. Within 10 minutes of changing to 0-Ca2
• solution, 

contraction of the guinea pig ileum virtually declined to 

zero� while responses were still elicited by agonist 1n Rat

Stomach Strip ( See Figure 14)·, , The response following calcium 

deprivation in the medium is referred to as resid11al responee.
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3. 7 EFFECT QE CAl,CITJM DEPRIVATION IN PHYSIOT,QGICAI, SAI,T

SOI,UTIQN ON ACH INDUCED CONTRACTIONS IN RAT STOMACH STRIP

(R5Sl, GUINEA PIG II,EUM (GP!) AND RAT AORTIC STRIP (RAS)

In this experiment, different doses of agonist Ach, 

Histamine, Noradrenaline (NA), were applied until a dose 

response relationship was established. The dose of agonist 

producing about 75% of maximum response was selected and 

repeatedly, applied to the tissue at regular intervals. until 

a steady response was obtained. The normal physiological 

solution was then replaced with one from which Ca2
+ had been 

omitted. Within 10 minutes of changing to 0-Ca2+ solution, 

contraction of the guinea pig ileum virtually declined to 

zero, while responses were still elicited by agonist in Rat 

Stomach Strip ( See Figure ILf) :· , .. The response following calcium 

deprivation in the medium is referred to as residual response.
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Figure 14: RESIDUAL RESPONSES IN GPI AND RAT STOMACH STRI 

Representative tracings of residual responses in 0-Ca 

0. 5mM EGTA physiological salt solution (PSS) in guin

pig ileum, GPI, (A) and rat stomach strip, RSS, 

Arrows indicate incubation in o-ca
2t , 0.5mM EGTA. 
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EFFECT OE ZERO. EXTERNAr, CAI,CIUM --·--- CCa2+) ON RESPONSES OF

l'HE GUINEA PIG II,EUM AND RAT ST -- _ _  OMACH STRIP TO SUBMAXIMAI,

DOSE OF HISTAMINE ANP ACETYI,CHOI,INE

In this 
• experiment .. 

different doses of agonist were 
applied until a dose-response relationship was established for

Histamine and Acetylcholine. The submaximal dose i.e. a dose

producing about 75% of the maximum response was selected and

repeatedly applied to the tissue at regular i11tervals of 2 

minutes, until the respo11se was steady. Histamine was used as 

agonist in the guine pig ileum and Ach in tl1e Rat stomach 

strip. The physiological salt solution (Ty1--ode) was replaced 

with one in wl1ich CaCl2 was 01ni tted i.e. ( Ca 2-+- f1"ee Tyrode

solution). Contractior1s \ve1"'e elic-- ited ever�' two 1111.nutes after 

Ca2
+ wi t}1drawal. 

elici t.ed eve1--y f i.VP mi 111..1 tes aftet' Ca2
·+- withdrawal. The 

decline in respoi1ses to tl1e ago11ist aftPr the removal of 

external Ca2-+- was rapid and less t.han ten minutes totally 

abolished in guinea pig iluem: the decline appeared to follow 

( See f ia l4--pc.igrr; w}1ereas the responsesan exponential pattern c , 

1 h St,I�1·p were sustai11ed for much longere ecited in Rat ston1ac 

under this experi1nental condition. A typical trace showing

· pig ileum (Histamine) and
the pattern of responses for guinea 

Rat stomar:'h strip ( Ac11) is shown in figure -
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Figure 14a: RAT STOMACH STRIP 

• 

Time-related decline in responses of the isolated guinea 

pig ileum (A), and rat stomach strip (B) in Ca2
+ free

tyrode� each point is a mean of 8 experiments. Vertical 

bar represents standard error of the mean. In tl1e guinea 

pig ilem resifnses were elicited every two minutes after 
� 

Ca2+ withdrawal. In the RSS responses i-1ere elicited 

every five minutes after calcium withdrawal. Each 

response was expressed as a percentage of the mea11 of 8 

responses before calcium withdrawal . 
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3.9 EFFECT OF Ca2+ DEPRIVATION ON CONTRACTIONS TO POTASSIUM

CHT,ORIDE IN RAT ST011ACH STRIP AND GUINEA PIG II,EUM 

In this experiment different doses of K+ were applied 

until a dose response curve relationship was established. A 

dose of K .... producing 75% of maximum contraction was selected 

and repeatedly administered thereafter the normal 

physiological solution was replaced with Tyrode in which Ca2+

was omitted containing 0.5mM EGTA. 

Each response was expressed in millimet1'e height of 

contraction (A) rat sto1nacl1 strip: (B) gui11ea pig ileum.

It can be see11 that after Ca2
- removal. responses to KCl

though reduced persisted. The per--centage reduction 

response following Ca2• rernoval was computed for each tissue. 

This result is in line witl1 the result obtained with Ach in 

Ca2
+ free mediwn whei--e t}1e decli11e in agonist response was

more rapid in guinea pig ile111 than Rat stomach strip, which

suggests that tllere is a greater store of i11tracellular Ca2+

in Rat stomach strip than guinea pig ileum. ( See figureJSqr'lO) .
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Figure 15a: RAT STOMACH STRIP AND GfJINEA PIG I C,ErJtt 

Effect of Ca 2+ deprivation on contract i o 11 to K + in ( A) 

rat stomach strip (8mM) and in ( B) guinea pig ileum

( BmM). Stripped columns are control responses i11 normal

tyrode. The dotted columns are responses i11 f,,rode 

solution in which Ca2+ was omitted and containing 0. 5mH 

EGTA. Vertical bars are S.E.M. (n=6).

Significantly different from control {P�0.05). 
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3.10 BFFBCT OF VARYING THB BXTBRNAL ca
2+ IN THB BATHING FLUID

PN THE RESPONSES OF RAT STOMACH STRIP TO ACH.

In this experiment, the external ca2+ concentration was

varied to see how changes in the concentration of ca2+ in the

external medium affected the response to submaximal dose (4 x

10-7M) of acetylcholine.

The first sets of experiment were carried out in normal 

Tyrode solution, i.e. 1. 8mM ca2+ which was thereafter replaced 

with Tyrode containing 0.45mM ca2+; after which the solution 

was again changed to a ca2+ free Tyrode solution contaning 

0.5mM EGTA. Height of contractions were expressed in 

millimetre (See fig.15b pg.93). 
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Figure 15b: RAT STOMACH STRIE 

Influence of varying the Ca2
+

batl1ing fluid on the effect of CQ 

contraction. 

concentratio11 in the 

on Ach (4>:10-7t--J-induced 

Open Column: 

Striped Col t1mn:

Dotted Co 1 ttn1n:

Filled Column: 

Control co11 tract ions i11 ( l. Brnt-J Ca2+) 

Contractions in (0.45mM Ca2+) 

Cor1traction in O-Ca2-

Contraction in (0-Ca2+ + 0.5mM EGTA)

Vertical bar S.E.H. (n-16) from 4 preparations.
+. Significantly different from control (P<0.05).
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Figure 15b: BAT STOMACH STRIP 

Influence of varying the Ca2
+ 

bathing fluid on the effect of CQ 

contraction. 

concentration in the 

on Ach (4.,.:10-7 tvj-induced 

Open Column: 

Striped Colu11111: 

Dotted Colttn1n: 

Filled Column: 

Cont r o 1 cont I" a c ti on s in ( 1 . 8n1M Ca 2+) 

Contractions in (0.45rn.H Ca2+) 

Contraction in O-Ca2-

Contraction in (0-Ca2+ + 0.5mM EGTA) 

Vertical bar S.E.M. (n-16) from 4 preparations. 

Significantly different from control (P<0.05). 
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3.11 G 

AORTIC STBIE 

As in the rat stomach stri th· p.. is experiment was designed
to sl1ow the effect of Q · uinine on responses to Noradrenaline in

normal Kreb solution containing 1 6mH c 2 . a + and in Kreb

solution containing 0.4mM Ca2+. The procedure was to 

establish control responses. and a submaximal dose of 

Noradrenaline ( 1()- 6H). The artery was then incubated in Krebs 

solution contai11ing 10-7M Qui11ine. the sub1naximal doses of 

Noradrenali11e were then repeated and again in presence of 10-

4M Quinine. The same kind of experiment was repeated in a 

fresh pareparatio11 suspe11ded in Kreb solution containing 0.4mM 

Ca2+_ The restll ts ar"e present:,ed in (fig l�P511) It can be seen 

from the figure t}1at 10-7H Quinine had no effect on the NA

induced responses in normal Kreb solution. but 10- 4M Quinine

reduced this response by 70% and this effect was statistically

different from control at (p < O.OS).

On the other hand 10-?M Quinine significantly reduced the

effect of Noradrenaline in Kreb solution containing 0.4mM Ca2+

. h cl the response to Noradrenaline in
and 10-4M Quinine abolis e 

this medium. These results are siini lar to those ear lier

, · g Ach and Histamine ( see fig J4-pS4).
reported in RSS and gpI usin 
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The results confirm that the inhibitory effect of antimalarial
Yn� ,J' �.,., 

increases as concentration of Ca2+ in externalAdecreases.
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Figure 15c: RAT AQRTIC SIRIE 

Effect of Ca2-� on the action of quinine on 

(10-f3M) contractio11 in (A) l.6mM and in (B). 

NA-induced 

tt 
0.4mM.Gi 

Open columns: 

Striped co 1 um11 : 

Filled Column: 

Control contractions. 

Con traction in tl1e p1--eser1ce of 10-7M 

Quinine. 

<:;011t1'actior1s in tl1e presence of 10-4 

Vertical bars: S. E. M _ ( n 6-9 exp_ ) from t}1rPe aortic

preparations. 

Significantly diffe1'e11t from control (P�O.U5) 
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3.12 

CQNIB.ACTIQNS QE ISOI,ATED RAT STOMACH STRIP IN THE

EBESE�CE QE ANTIMAI,ARIAI, AND EFEE:CT OF CAI,CIUM 

DEPRIVATION 

In these series of experiments, contraction induced by 

acetylcholine was recorded, after obtaining, dose response 

relationship. A submaximal dose producing 75% of maximum 

contraction was selected. This dose was recorded in normal

Tyrode solu·tion in the absence of chloroguine (A) and in the 

presence of low and high doses (B). Similar investigation was

carried out in Tyrode solution in which Ca2+ was omitted. (See

C and D +., f � i) ps I C \) ) 
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Figure 15d: RAT STOMACH STRIP 

99 

Effect of CQ on Ach { 400nm) evoked contraction of isolated

stomach strip in presence (A) 10-7M enhanced ACH responses

normal Tyrode. In (B) 10-4M CQ significantly reduced

responses in normal Tyrode. In (C) where the Tyrode solut
lacked ca2+ and contained EGTA, 10- 7M CQ had no effect on
residual effect, whereas 10-4M CQ in (D) completely abolis
the residual ACH response. (A) 10-7M and (B) 10-4M CO
strped column in normal tyrode solution; �ile dotted col
responses in control. Effect 

contraction to Ach ( c and D) .

of Ca2+ deprivation 

responses in control and striped column represents respons
in the Presence of CQ. ( c) 10-7M ( n) 10-4M respect! vely.

Dotted columns represen

Vertical bars are S.E.M. (n=6). 

Significantly different from control (P<0.05).
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3.13 EFFECT OF VARYING F.XTERN AI, Ce2+ CONCENTRATION IN

FHYSIOT,OGICAI, SAT,T sor,(JTIQN ON NORADRENAT,INB INDUCED

CONTRACIIONS OF THE RAT AORTIC STRIE

The aim of this experiment was to show the effects of 

varying external Ca2+ vis-a-vis the contractions induced in 

normal Krebs containing (1.6mM Ca2+); (0.4mM); and O - Ca2+

calcium free Krebs solution containing 0.5mM EGTA. The 

procedure used was to establish a control response, after 

which the external Ca2+ concentration was varied in the medium 

as earlier stated. 

It can be seen in (figure ,se

pto"?,)that as external Ca2+

concentration decreases, contraction diminished to stable

responses, whereas in the guinea pig ileum contractions

declined completely. Contractions were still elicited in rat

aorta under c82+ free Krebs solution. Heights of contraction
• 

were recorded in millimetres. 

•
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Figure 15e: RAT AORTIC STRIP

Influence of varying the calcium concentration in 

bathing fluid on the effect 

-induced contractions.

of • • quinine on NA (10-s 

Open column: Control contractions (l.61nM Ca2+ ) 

Striped column: Contraction (0.4mM Ca2-+)

Dotted column: Contraction (0. Ca2+) 

Filled column: Contractio11 in (J-Ca2-+ + 0 _ 5ITLM EGTA 

Vertical bar S.E.M. (r1=8) from 3 aortic preparations. 

:+. Significantly differe11t from control ( P<O. 05) -
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3 .14 EFFECT OF ANTIMALARIAL C ON RESIDUAL RESPONSES TO

ACETYLCHOLINE IN ISOLATED RAT STOMACH STRIP

In these series of experiments after canst t · , rue 1ng a dose 

response curve to Acetylcholine, a submaximal dose ( 4 x 10-7M)

was selected. This dose was repeatedly used to elicit

responses, until stable response were obtained; thereafter, 

the muscle was incubated in low dose antimalarial as 

previously described under method. ACH contraction were 

potentiatea..... In panels C and D the tissue was incubated in 

Tyrode solution from which ca2+ had been omitted. In this 

medium low dose antimalarial did not potentiate responses 

eli�it� with submaximal dose of ACH whereas high dose 

antimalarial 10-4M completely abolished responses elicited by

acetylcholine ( See figure f 6). 
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Figure 16 RAT STOMACH STRIP PREPARATION 

The effect of calcium deprivation on the interaction 

between CQ (10-7M) and Ach responses. At the dots, Ach 

4x10-7M ,;-1as added and the 1naxi1num response recorded. In 

panels A and B the tissue was incubated in normal fyrode 

solution. 

contractions. 

10- 71vt CQ potentiated the P .. cl1 induced 

In panels C and D� the tissue was 

incubated in "tyrode solution from which calcium was 

omitted and also contained 0.5mM EGTA. 1Q-7M CQ l1ad no 

effect on the Ach induced contractio11s (see text). 
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Figure 17: 

Representative tracings of the effect of chloroquine on 

isolated rat stomach strip cont1--action in Ca2+ free 

solution containing O. 5mM EGTA be£ ore (A).. and after 

chloroquine low dose at point (B), high dose 10-4 at C. 

Arrows indicate point of additio11. 
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3.15 EFFECT OF CHLOROQUINE, MEPACRINE ON CONTRACTILE RESPONSES
TO ACETYT,CHOT,INE 

The aim of this experiment was to see the action of two

different antimalarial CQ - (4 aminoquinoline) and Mepacrine

(8 aminoquinoline) on Acetylcholine induced contractions in

isolated _ Y-0--t S' .\-t, N""t G.4 S.-\--r� \> . 

Dose response relationship was established after which a 

submaxirnal dose (2 x 10-BM) was selected. This dose of 

acetylcholine was used to stimulate the muscle in normal 

physiological Tyrode solution 1 t11ereafter the solution was 

changed to zero Ca2+ containing 0.5mM EGTA medium; the 

procedure was again repeated. From the tracing displayed in

(rigure!�plll). it can be seen that both antimalarials showed

similar actions in both low (l0-7M), and high 10-4H 

concentration 

disimilari ty. 

of antimalarial, despite structural 
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Figure 18: RAT STOMACH STRIP. 

Representative tracings of the effect of low dose CQ(

and Mepacrine ( MPC) B; on contraction induced by 

submaximal dose 2x10-8M before and after o-ca2t O. 5mM B

medium. Arrows indicated point of antimalarial additi

( 1 & 2, 10-7M and 10-4M).
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3.16

The rat aortic strip preparation as described in the

method was free of endothelium. It is knoW11 that the 

endothelium produces a relaxi11g factor (EDRF) now proposed to

be nitric oxide (Palmer, Ferridge & Moncada .. 1987) which l.S

known to modify the response of the vascular smooth muscle to

agonists ( Furcl1got t.. 1983; Tayo and Bevan. 1987) . The absence 

of endothelium was establisl1ed in the preliminary experiments 

(Figl'l plllf) by observing that Ac}1 consistently failed to l"elax

NA-induced contraction of the mt1scle (Furchgott and Zawadki, 

1980). This 1:irepat"'a t.ion 1·espo11ded to NA ( 10-8H) and higl1 KCl

( 15-60mM) dose dependently and dose response ct11--ves were

constructed by cumulative addition of contractile agents (see

Agai11 
· ts a ti1ne control 

ill some exper1n1en 

to el1sure that changes in co11traction
Preparatio11 was included 

. d t of time dependent changes in
induced by drug was indepen en 

tissue sensitivity. 
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Figure 19: RAT AORTIC STRIP PREPARATION. 

Loss of relaxing response of preparation of rabbit 

afrer rubbing of the intimal surface. The 

the point at which each drug (Ach) concentration addl 

was made. 
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Figure 19: RAT AORTIC STRIP PREPARATION.

Loss of relaxing response of preparation of rabbit ao

after rubbing of the intimal surf ace. The record sh 

the point at which each drug ( Ach) concentration additi

was made. 
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Figure 20: RAT AORTIC STRIP PREPARATION 

Representative tracing of the effect of chloroquine CO 

pre-incubation on NA induced contractions. 

Calibration: horizontal 2 mins, vertical lgm. 

Arrows indicate point of CQ additions, w indicates wash, I

UNIV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RAR

Y

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



116 

• 

, 

------

w 

w w 

• • 

• 

- • • • 

1 
- ... I -

i 
-

I ti,'
• 

• �,. ' 

r-
• 

t 
I ·-

--l-
.., 

-
0.5 9 - .,( 

� 
• ;' 

2. ""IJ"h
• I 

• 

J 
\ 

.. 

• 
• 

, 
• • .. • _., .,- .. 

, ,: 
• 

• 

• 

• • • 
-� . 

e • • • • •
I 

s -e -7 -6 -s -8 -1 -6 -8 -7 -6 -5 LogM {NA) 
• 

• 

10-
7

M 10-
4

M 
cor�TROL 

• CQ CQ 
\ 

\ 

' 

I 
I 

• 

�·--.... 
�-------

• 

, 

UNIV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RAR

Y

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



117 

3.17 EFFECT OF SELE�TED ANTIM J ALARIALS ON NORADRENALINE INDf.TCED

CONTRACTIONS OF THE AORTIC STRIE

Control dose response curves were obtained by cumulative

and single dose addition of Noradrenaline. Thereafter the 

tissue was incubated in low dose antimalarials for 30 minutes.

NA contract1.·ons were then re t d · th f pea e 1n e presence o 

antimalarials. Low dose CQ potentiated NA induced 

contractions, ( see Fig!llrl�) The tissue was again incubated in

high dose antimalarial (>10-5M) for same period of 

equilibration. High dose antimalarial inhibited NA induced 

contractions. The nature of inhibition was consistent with 

non-competitive antagor1ism since ma.ximum response was 

surpressed and no parallel shift of the curve to the right was

observed (Fig. 11 ) . 

Results for other ar1timalarials AHI)Q, MPC we1�e agai11

similar .. but MFG
c1-ga1· n did not 

and HFT 

t l·nh1'b1·t mu�cle contractions�
po entiate nor -

significantly 
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Figure 21 RAT AORTIC STRIE 

Effect of chloroquine on Noradrenaline evoked 

contractions of rat aortic strips. 

0-0 control contractions 

- -t contractions in the presence of chlo1--oquine

10-7M

0- - -0 chloroquine 10-4M 

Vertical bars indicate S.E.M. (n=3). 
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3.18 

EOTASSIIJM CHI,ORIDE I� RAT AORTIC STRIP

High potassium chloride contracted the aortic strip dose

dependently. A control dose response curve was established 

thereafter the tissue was equilibrated in low dose CQ which 

was previously shown to potentiate NA induced contraction. 

The high dose ( 10- 4M) which was shot-111 pre"riously to inhibit NA 

induced contraction markedly� did not produce a marked 

inhibition of K-+- ir1duced co11tractions ( Fig2..1 f> tl'l.} 
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Figure 22 RAT AORTIC STRIP 

Effect of CQ on the contractile responses of rat aortic 

strip to K+ 

0- - -0

I-----

a- - -A 

response 10-7M 

control 

10-4M
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3. 19 EFFECT OF ANTIHAI,ARIAr, ( CQ) ---- ON THE CONTRACTIONS INDUCED

BY NORADRENAI,IllE AND POTASSIUM CHI,ORIDE ON ISOI,ATED RAT

AORTIC STRIP 

The aim of these experirnents were:

( 1) To see the actions of antimalarial on two agonist

stirnulating different calcium channels. Noradre11aline is

known to co11tract muscle via the receptor linked Ca 2+

channel ,w�reas K + stimulates muscle th1--ough potential or

voltage operated calciu111 channel: 

(2) And also to see tl1e effect of actions of chloroquine

in 1 nit i at ion and s us ta i 11 e d co 11 tractions in rat aortic 

strip. 

In these experiments Noradrenaline 10- 6M as a dose produci11g

abot1t 80% of 1naxin1t11n 1"'espo11se. wl1ile K+ (5<)mM) we1--e selected 

on similar basis a11d used. Having obtained contractions in 

normal Krebs solution for both agents, the muscle was 

incubated in high dose (10- 4M) antimalarial as was previously

described .. w}1ile 
• 

J.11 the at.her· expe1--in1er1ts l1igl1 dose CQ was

directly added to st1stai11ed 
•

t1sing botl1 

agoniets in different experiinent. It ca11 be seer1 that the 

action of high dose antimalarial 10- 4M \>JQ.'(Q. markeclly in11ibited

'r NA-receptor linked response .. be low basel i11e 

experimerls. then in K ... - induced contractions.

• 

in rnost
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3.19 EFFECT OF ANTINALARIAr, <CQ} ON THE CONTRACTIONS INDUCED

BY NORADRENAJ,INE AND POTASSIUM CHI,ORIDE ON ISOT,ATED RAT
AORTIC STRIP 

The aim of these experiments were:

( 1) To see the actions of antimalarial

stimulating different calcium cl1annels.

on two agonist 

Noradrenaline is 

known to co11tract inuscle via the 1--eceptor lir1ked Ca2-+

channel W�l:"eas K+ stimulates muscle througl1 poter1tial or

voltage operated calciu111 chan11el; 

(2) And also to see the effe t of actio11s of cl1loroquine

in initiatior1 and sustai11ed �011tractions in rat aortic

st.rip. 

In these experiments Noradrer1alir1e 10- 6M as a dose 1�rodt1cing

about 80�� of 1naxin)urn 1'esponse, wl1 i le K..._ ( 50nlM) \-.rere selected

on similar basis and used. Havi11g obtained contractions in 

normal Krebs solution for both agents. the muscle was 

incubated in high dose ( 10- 4M) antimalarial as \alas previous!�,

described, wl1ile lI1 the other expe1--i111ents }1igl1 dose CQ was

directly added to t}1e stlstai11ed contractions using bot11 

agonists in different experin1e11t- It can be seen that the 

action of high dose antimalarial 10- 4M .JQ.� markecll1' i11l1ibited

>r NA-receptor linked response� be 1 ov-1 base 1 i l1 e

ex per imer(s • then i O K.. _ induced contract i one .

• 

i11 most 
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It can also be seen ( figurel?.pQ.1.)that these effects were

more marked on sustained contractions than in the initiation

of contraction, particularly on receptor linked responses. as

sho\\'11 in figure 

UNIV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RAR

Y

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



125 

-

Figure 23: RAT AORTIC STRIP PREPARATION.

Comparable relaxant effect of 10-4M chloroquine on NA ( 10·

6M) and Kt (50mM) contraction on both sustained A1 and�

and single doses ( NA) A
2 

- A3 and K+ ( Bz - B3). The

relaxation effect was marked on receptor midiated 

responses than in Kt - induced responses as shown in the 

tracing. 
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3. 20 THE EFFECT OF VARYING THE CONCENTRATION OF Ca2
+ IN THE

KREBS SOLUTION ON THE ACTION OF CHI,OROQUINE 

The experiment was similar to those already described for 

the rat stomach strip and the guinea pig ileum. In this 

experiment .. the effects of contractions evolred by NA were 

studied in Krebs solution containing 1.6mM and 0.4mM calcium, 

the results are showt1 in (Figure:l'f Pt�) It can be seen that CQ 

enhanced and inhibited NA contraction at 10-7M and 10-4M 

respectively in l.6mt1 Krebs. In Krebs containing 0.4mM Ca2+

on the other hand .. 10-7M CQ rather than potentiate, inhibited 

NA contractions .. and 10-4M CQ had enhanced inhibition. 
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Figure 24 RAT AORTIC STRIP

Effect of chloroquine on Noradrenaline evoked 

contractions of isolated rat aortic strips. Co11tractions

in Krebs solution containing A, l.6m.M Ca2+ and B. 0.4mM 

Ca2+ . 

<0---iO): Contractions in krebs alone. 

Broken lines: Contractions 

chloroqt1ine. 

t- -

0- -

-t 

-0

10-7M

10-4M ( n=B).

in t}1e p1"'esence of 

A and B are from separate expe1�iments. Eacl1 p 1r1 t- -5 a 

mean of 3 and 4 measu1'en1en L .... in A at1d B re spec ti velY

Vertical bars represent s _ E. M _ from data generated in

each case from one artery preparation - Two ot,het�

preparations in each case gave similar results. UNIV
ER
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3.21 EFFECTS OF PRE-INCUBATION OF ANTIMAI,ARIAI, DRUGS ON

.CAI,Cit.JM CHI,ORI.QE INDUCED CONTRACTIONS OF THE DEPOI,ARISED

RAT AORTIC STRIE 

In Ca2+ free high K+ (55mM) depolarising Krebs solution� 

cumulative addition of CaCl2 (0.1 - 5mM) caused reproducible 

contractions 

concentration 

dose dependently. The EC5o for CaCl2 

producing 50% maximum contraction was 

3.5±0.3x10-3M (n=4). The antimalarials in the concentration 

range (lQ-6 - 1Q-5M) inhibited CaCl2 induced contractions (see 

Fig � r:J I �'2. · 

It can be seen that CaCl� co11centration response curves 

were displaced to tl1e rigl1t in a non-parallel fashion with 

depressed maxima in all 

competitive antagonis111. 

instances. indicative of non-

Mefloquine was the least pote11t of the antimalarials 

tested, being aln)ost ineffective at 10-6M. whereas the other

drugs caused marked inl1ibition of CaCl induced contraction at

this concentratio11. 
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nA-1 A-n-,,c.. StR.IP Figure 25: � 
...... � 

Mean log concentration response 

effects of Amodiaquine (A), Mepacrine 

curves showing the 

(B), Mefloguine (C), 

Quinine (D), on CaCl2 - induced contractile responses in high 

K+ depolarising Tyrode solution. 

Control (CaCl2 alone) 

10-SM

10-111 

t------a

)f > =--X 

• 

Each drug was applied to a different tissue preparation and

each symbol is the mean of ± standard error of 4-6 tissues.

Vertical bars denote standard er�or of th .L e n1ea11. 
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3.22 

Ca2+ FREE KREBS SOI,UTION

The procedure used in this experiment was similar to the 

one described for rat stomacl1 strip. After establishing a 

dose response relationship, a submaximal dose of agonist was 

obtained. Low dose antimalarial did not potentiate agonist 

effect in Ca2+ free Krebs but high dose antimalarial inhibited 

agonist effect. 

I 
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Figure 26 ISOI,ATED RAT AORTIC STEie 

Effects of chloroquine on Ca2+ cumulative induced 

contractions in potassium ( 55mM) depolarising kr·ebs 

solution. 

(A) Contractions in krebs alone

(B) in 10-7M CQ

(C) in 10-4M CQ
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• 

Figure 26a: RAT AORTIC STRIP PREPARATION. 

Representative tr acings of dose dependent contractioi

evoked by calcium chloride in potassium ( 55iuj 

depolarising krebs medium. 

A =  single dose responses; B = cumulative DRC. 
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3.23 EFFECT OF ANTIMAt,ARIAT, DRfJGS, DIT,TIAZEM ON PRE-CONTRACTED 

AORTIC ,STRIJ2 

Pre-contracted arterial preparations are commonly used to 

study effect of vasodilators ( Kodj a et. al. . 1992). From 

earlier experiments, it was found that 10-sM NA gave a good 

size submaximal contraction ( 70-80% of the maximum response) . 

This dose was therefore used to precontract the aorta in all 

experiments in this series. The contraction induced with 60mM 

KCl were near maximum contraction. In other instances 15mM

KCl was used to preco11tract the vessel (see Yu et. al .. 1992). 

The aortic strip was allowed to equilibrate for one hour 

and was then pre-contracted with either agent. Five minutes 

after the tissue had attai11ed peak contraction. either 

antimalarial or Di 1 tiazem was acided curr1mula ti ve ly. The 

dilatory effect of the drug was plotted as reversal of the 

Peak contract j_on where: 

% 1.,.eversal 
dilator response 

_ ______________________ 
X 

100 -

peak response 

The result fo CQ� Quinine and I)iltiazem are presented in

(figures 2'1�� l4ti). It can be seen that in this model� CQ and

Qu. . potent than diltiazem. It is noteworthy inine were far more 

that CQ consistently relaxed the pre-contracted vessel below

its initial baseline. 
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Figure 27a: RAT AORTIC STRIP PREPARATION. 

Dose response curve of relaxation to

Chloroquine 0)----0,

Diltiazem0--0,

' Quinine �1 ...... --..a in NA precontracted rat aortic strip.

Bars represent S.E.M. of 6 experiments.
It can be seen from this graph that CQ, Quinine, were far

more Potent than Diltiazern. CQ relaxed the precontracted

vessel below its initial baselin e.
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3. 24 DIT,ATOR AND INHIBITORY EFFECTS OF CHLOROQUINE IN RAT

AORTIC STRIP 

In this experiment, dilator effect refers to the action 

of CQ in dilating the NA-precontracted arterial muscle, while

inhibitory effects refers to the action of CQ in reducing NA

contraction after incubating the muscle in physiological krebs 

solution containing antimalarial for thirty minutes. 

The ;Dilator; effect of 1Q-4M CQ was distinctly greater 

than inhibitory effect i. e _ , 10-4M CQ completely relax precon-

tracted vessel whereas the same concentration of CQ 

preincuba ted only reduced contraction to NA by about 70% ( see -h 27�,-t«+3) 

-
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Figure 27b 

Effect 

142 

AORTIC STRIP PREPARATION 

of chloroquine on the contraction iduced b·,• 

Noradrenaline ( 10-SM); Panel A; contraction before A1 and 

after A2 incubation in chloroquine for 30 minutes. Pane]. 

B and C; direct cummulative and single dose rela.'-:aticn

response. The direct relaxatory effect of 10-4H CG w�=

distinrtly, a greater effect than preincubated action::
. 

CQ of the same concentration. 
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]. 25 �FFBCT OF METHYL_ENR BLUE ( l�0-3H) - - �- �ON C RELAXATI ON OF THE RAT
AORTIC STRIP ON NORADRENALINE 10-6H SUSTAINED CONTRACTI ON.

The aim of this experiment was to investigate the

echanism of the relaxant effect of CQ in order to compare it with 

�e classical Vasodilator (Sodium Nitroprusside), whose 

vasodilatory effect on vascular smooth muscle 1s attenuated by 

thylene blue 10-5M ( see Karaki et. al. , 1988). In this study 

after obtaining a sus ta1ned contraction with NA 10·6M 1n normal 

lreb' s solution, the Kreb' s solution was replaced with Kreb' s 

solution containing methylene blue 10-JM and left for one hour. 

h reafter the tissue was again contracted with NA, 10·6H, the

0-4 
sustained contraction was then challenged with high dose CO 1 M 

s prev1ousl y done. 

The result of this study as presented 1n figure sho 

� t the sustained aortic contractile response was unaffected by

�thylene blue 10-] ; suggesting that the mechan1sm of the rel x nt

effect or act ion of CO in rat aortic str lP

�� , hannel blockers
�1um Nitropruss1de or Ca c 

as unlike tho of 
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Figure 27c Rat Aortic Strip 

Effect of 10-3M Methylene blue preincubation of rat 

isolated aortic strip. Methvlene blue did not modify the 
.. 

contraction induced by 10-7M Noradrenaline as shown in (figure 

) . 

Panel A shows the action of CQ 10-4M; and B action of CG ana

Methyle11e blue on sustained contraction rat aort.a. 
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3.26 DOES THE RELAXATION OF AORTIC STRIP MUSCLE BY
OPENING OF K+ 

CHANNEL?

CQ INVOT.VE 

In vascular tissues k 1 · croma a im a potassium channel opener

(Cook et. al,, 1988), inhibits contraction elicited by low 

concentration of K+ (15mM) but is ineffective against high 

concentration of potassiun1 I{+ (60mM) (Yu et. al., 1992). In 

the following 
• 

experiments, different aortic strips were 

contracted with 15mM and 60nllv1 concentrations of K ..... and the 

relaxant effects of CQ determined. The Ca2+ c11annel blocker 

diltiazem was also investigated. It can be seen that CQ 

relaxed the aortic strip contracted by either 15mM or 60mH K+

but the re la:�ant effect was greater in tissues contracted with 

15mM K+ which again suggested that K+ channel opening is not 

an adequate explanation for this action in Rat aortic strip 

( see figure ·1i
G 

£''1 Jq..<t 1 ,s,) 

UNIV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RAR

Y

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

148 

Figure 28a Rat Aortic Strip 

Effect of chloroquine reversal of K+ induced contraction 

of rat aortic strip. 

In tl1is figure.. two diff erer1t K-+- 15mM and 60mM we1--e used 

to induce contractio11. Cont1--actio11s induced bv K� 60rnM was 
• 

rel�xed up to 78%� while contraction induced b1r K+ 15n1M was 

relaxed below baseline more than 160%. Bars represent S.E.M. 

of 4 experiments . 
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Fi�ure 28b Rat Aortic Strip 

Effect of chloroquine .. Diltiazem reversal of K� induced 

contraction of rat aortic strip. In tl1is figure .. 60mM K+ 

relaxant effect on Diltiazem 6.- - - -A was > L1(>% � 

while CQ o ·O relaxant effect was > 50%;

In the experiment with 15mM K-+-" the rela.xant effect of CQ 

0 , 0 was about 120%.. while the relaxant effect of 

Diltiazem 6---------d was > 140��- The relaxant effect v1as 

more marked on contractions induced by 15mM K+ than 60mMK+ in 

both drugs. 
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f 

CHAPTER FOUR

DISCUSSIO�l
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There have been several reports in 

actions of chloroquine and structurally

the literature of the 

related compounds on 

i e some results suggest that
smooth muscles contractions. Wh'l 

the effect of chloroquine on contractions induced by

agonists such as tlistamine�

5-Hydroxytryptamine (5-HT), Acetylcholine is non-specific but

a direct spamolytic action of chloroquine, (Olatunde, 1970), 

others reported a specific action on Histamine,

H1-recptors (Akubue, 1975). These conflicting reports were

observed in gut smooth muscle. There have also been reports

of the actions of chloroquine on vascular muscles where 1. t was

observed that both a potentiation and inhibition of NA induced

contract ions at low and high concentrations of chloroquine

It would 

repectiv�ly ( Ebeigble. 1982) could be observed.

----

therefore appear that the effect of chloroquine on agonists

contraction may depend not only on the dose of antimalarial

but also on the type of smooth muscle as well as the agonist

used. 

In 
. t' ti·on three tvpes of smooth muscles and .

this inves iga 
� 

t types of recptors have been used.

agonists acting on differPn · 

guided by the results of
was 

The choice of smooth muscle

it was found.. the effect of

Preliminary experiment wl1ei--e

th Physiological solution bathing the

removal of Ca2+ from e 
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muse le on the latter's contractility varied between muscle 

types· In the guinea pig ileum responses to Histamine and 

Acetylcholine rapidly disappeared (Figt��whereas substantial

contractions could be obtained to Acetylcholine in the rat 

stomach strip (Fig.14-) and to Noradrenaline in the rat aortic 

strip. It is generally accepted that the contractions of 

smooth muscle involves Ca2
+ (Somlyo and Somlyo, 1968; Castell ..

1976; Bolton .. 1979� Ye et. al-A- .. 1992) The differences in 

response after Ca2 + withdrawal would imply that sources of

Ca2
+ for activating thA �ontractile mechanism are similar in

rat stomach s t1--iI-' a11d 1--a t ao1-- t ic st1--ip but different from

those in g1.1i11ea pig ileun1 l see a.lso Offiah. -1981). These 

three muse les wer· th�1 ... ei 01--e chosen as it seemed from the

outset that,ra2+ migl1t be involved in the mechanism of action

of chloroguine. Tlie agonists used in these studies included

Histamine. Acet v lchol ine. Noradrena 1 ine and Potassium in order
� 

to • 

ascer"La1.r1 the specificity or riot of the action of

chloroquine_ Other antimalarial drugs structurally related to

chloroquine were included- The aim was to determine whether

a tt f t tur .. e-action relationship could be assigned
pa ern o s rue 

Irrespective of the agonist 
in the action of these drugs.

t · on chlo1"oguine had similar excitatory

used to induce contrac 1 .. 

or inhibitory action- It was concluded tl1at the action of
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- 8 contractility varied between muscle muscle on the latter J 

types· In the guinea pig ileum responses to Histamine and 

Acetylcholine rapidly disappeared (Figl'tp�whereas substantial

contractions could be obtained to Acetylcholine in the rat

stomach strip ( Fig -llf ) and to Noradrenaline in the rat aortic

strip. It • 1.s generally accepted that the contractions of

smooth muscle involves Ca2
+ (Somlyo and Somlyo. 1968: Castell.

1976: Bolton, 1979; Ye et. al .. 1992) The differences in 

response after Ca2
+ withdrawal would imply that sources of

Ca2+ for activating the contractile mechanism are similar in

rat stomach st1--ip and 1--at ao1--tic st1--ip but different from

those in guinea pig ileum ( see also Offiah, · 1981). Tl1ese

three muse les we1·e the1--efore chosen as it seemed from the

outset t�at•ca2+ might be involved in the mechanism of action

of chloroquine. The agonists used in these studies included

Histamine. Acetylcholine. Noradrenaline and Potassium in order

t th Spec1·f1'citY or not of the action of
o ascertain e 

chloroquine_ Other antimalarial drugs structurally related to

chloroquine were included. The aim was to determine whether

a t f t t re-action relationship could be assigned
pa tern o s rue u 

Irrespective of the agonist 
in the action of these drugs.

cl1 loroquine had similar exc i tator·y

Used to induce contraction�

or inhibitory action. It was concluded that the action of
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chloroquine is not receptor specific. The role of calcium was

investigated • 

since this cation
• 

is a common factor 

contractions mediated by different agonists. It 
• 
1s novJ 

generally accepted that contractions induced by various 

agonists involves Ca2
+ either entering the cell from 

extracellular stores (Hudgins & Weiss 1 1968) or mobilised from 

intracellular stores (Hinkle� 1965). Intracellular free Ca2+

and its regulation are crucial determinants of smooth muscle 

contracti.li ty. Tl1e sarcoplasmi� reticulum has been identified 

as the primary int1"acellular organelle \..rhich modulate or 

buffer Ca2+ release (Van Breemen �t- al. 1 1988: Van Breeman & 

Saida. 1989: Wagner-Mann et. alL� 1991). 

EFFECT OE D<JSES OF CG) AND OTHER A�lTIM8f1ARIAf,S ON CONTRACT I T,E 

RESPQNSE 

Various co 11 cent rations of chlorogui11e and ot11er 

induced antimalarials were tested on different agonists

tely on thP three muscles. Irrespective of contractior1 separa -

· d contraction 1 low concentration (10-12agonists used to 1.n uce 

of a11 t imalar ials 
-

10-7M) and high concentration (>10- 5M)

d in11ibition respectively. except caused potentiation an 

1 · e where neitl1er effect was distinct
Halofantri11e and Me£ oguin 

( see Fig5iS). 
. · 1 potentiatio11 does 11ot appear to be

Ant11nalar1a 
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or with enzymes responsibledue to interaction with recptors 

for the inactivation of the agonists. The evidence for this

conclusion is that Histamine. Acetylcholine and Noradrenaline

which activate di·st· tl d'f inc Y i ferent receptors and whose 

inactivating enzyme 1 . e. 1 acetylcholinesterase and diamine 

oxidases respectively are quite different, were potentiated to 

the same eztent1 and KCl which induces contraction by 

depolarisation and is not inactivated bv anv known mechanism 
� .. 

was also potentiated. 

On tl1e other l1and. high concentratio11 of antimalarial 

inhibited responses t.o Acetylcholine, Histamine and 

Noradrenaline; the mechanism of t]1is inhibition is also not 

receptor specific but likely to be inhibition of utilization 

of intracellular Ca2+ _ This inl1ibi tory effect of antimalarial 

was more marked on receptor mediated responses than K+ induced

contractions (see Figfp-5�- it was co11cluded that CQ exerted

a greater effect on receptor-operated than on potential 

1 T11e Present observatio11 011 the dual operated calcium channe 

of antimalarials support previous fi11dings ofactions 

f tl.·malar1.'als in gut as well as 
Potentiating action o an 

vascular smooth muscles. 

Portal vein 

for example, 

(Ebeigbe and Aloamaka�

chloroquine 

1982) ; 

• in rat 

AmodiagLtine, 
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Chloroquine and Mepacrine 1.·nkf·��
guinea pig ileum (Okpako. 1978)�

Qunine in rat rectal muscle (Savage and Lawal. 1986). 

Various studies have shown only inhibitory effects of

aminoquinolines antimalarials (Olatunde, 1970; Akubue .. 1975;

Famaey .. 1979; Ebeigbe .. 1986). One possible explanation of the

greater effect of chloroquine on receptor mediated contraction

is that chloroquine at high concentrations blocked Histamine ..

Acetylcholine and Noradrenaline receptors. However, the 

characteristics of the inhibitior1 did not suggest receptor

blockade. Furthermore. chloroquine at high concentrations has

been shown to bloclt a wide ra11ge of agonists contraction .. for

ex 1 PGE (Ok ko 1978); NA (Ebeigbe, 1982); 5-HT

amp e. s .. pa. . 

(Olatunde. 1970): electrically induced contractions (Famaey

Jt. therefore .. seems unlikely that specific

et. al. .. 1979) .

receptor blockade can explain the greater inhibitory effect of

chloroquine on Histamine. Acetylcholine. Noradrenaline. It

likelv that the inhibitory effect of chloroquine 1.S 

seems .. 

exerted at a post-receptor site. P1""ev ious studies have

h 1.'nhibitorlr effect of aminoquinoline

suggested that t e

t · mav be due to i11teraction with

antimalarial on muscle func ion � 

Huddat and Saad (1977) attributed the

cellular Ca2 +
. 

Of. quinine in rat ileum to inhibition of

inhibitory effect

1 (1982) in vascular tissue.

Ca2
+ influx and Ebeigble et, a L .. 
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EFFECT OF VARYING THE CONCENTRATION OF ca2+ IN PHYSIOT,OGI CAL

SA!,T $0I,UTION ON THE ACTION OF ANTIMAI,ARIAI,

In view of the • 
importance of the role of calcium in 

smooth muscle contraction (Bohr, 1967) coupled \-1ith the 

findings in the present study; it was reasfoned that if these 
{ 

effects involved extracellular Ca2+ then changing the 

concentration of Ca2+ in the external medium bathing the 

isolated muscle should affect the degree of potentiation and 

inhibitions caused b y  antimalarials under this experimental 

condition. As the external Ca2
+ concentration in the medium 

was lowered from l.8mM Ca2+ to 0.9mM and 0.45mM Ca2+
� it was 

indeed found that the potentiating effect of low concentration 

of antimalarial decreased in proportion to the decrease in the 

concentration of Ca2-+- in tl1e bathing fluid (Figlu-13 1• In low

concentration of chloroquine (10-7H) the effect ,.. 

or 

Acetylcholine in rat stomach strip was potentiated almost two-

fold (PF 1?) whe11 the Ca2
+ concentration i11 the 

0 . 64±0 . 3, n = .... , 

1 8-M c82-.-. vlhen the Ca2 .... concentration external medium was - uuJ 

. d to O. 45mt1 Ca2+
, tl1is dose of in external medium was lowere 

chloroquine no longer potentiated acet�r lcl1oline 
(l0- 7H) 

S lig}1t inl1ibit1on was observed (PF
ra tl1er a contract ion but 

1. 25±0. 5, n= 12) . h the r }1 and , t 11 e in hi bi to I"�, e ff e c t o f
On t e 0
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high dose chloroquine 10-4M had greater inhibitory effect at

0.45mM Ca2+ than l.8mH Ca2+ with acetylcholine as agonist. 

It is accepted that contractile agonists utilize Ca2
-+-

from two main sources in excitation contraction coupling. 

These are Ca2
+ in the external medium i.e. .. ca2+ in close

association with the cell membrane ( for review see Bolton ..

1979), Brading and Sneddon (1980) and Ca2+ from intracellular

store (Hinkle .. 1965). Against this background one possible

explanation of the observed effect of low dose chloroquine is

facilitation of Ca2+ entry following excitation whereas the

inhibition of contractions at l1igher doses of chlorcquine is

due to interference with translocation of Ca2+ across the

membrane. That is, the two effects excitatory and inhibitory

are exerted at the same �ite. There is also the possibility

of CQ interfering with mobilisation of intracellular store

,.. 
. 1971 .. Bolton 1979 .. Hurwitz

(Hinltle 1965 .. Hurwitz & .::iur ia

1975). or other intracellular contractile mechanisms.

were 

The 
· t 1.· n calcium free PSS containing O. 5mM EGTA

exper 1.men s .., 

tl robable sites of action of

designed to test. for 18 P -

The result� showed that in nominally Ca2
• free 

chloroquine. 
..., 

acetylcholine could induce

PSS containing 0.5mM EGTA� 

contractions of the rat stomach strip

successively diminishing

. .  d t about 40% of the contraction in

Which finally s·tab1.l 1.se a 
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normal physiological salt solution. This remaining response 

was ref erred to as the residual response� NA had similar 

n er s1.m1 ar conditions the
effects on the rat aortic str1.· p. u d 

· · 1 

response of the guinea pig ileum to acetylcholine rapidly 

mi.nu es o exposure 
extinguished and wi th1.' ng 10 

· 
t f in this 

medium, no residual response could be recorded. Our result in

this respect are similar to those of Offiah (1981); Brading 

and Sneddon (1980); Okpako and Oladitan (1979). The rapid 

loss of contractile response in guinea pig ileum in Ca2+ free

medium may indicate that intracellular Ca2+ store in this

muscle 1.S limited possibly as a consequence of poor 

of Ca2 + retaining organelles sarc.oplasmic 

development 

reticulum and mitochondria or may mean the absence of a large

store of sequestered Ca:2 4 which can be mobilised by Histamine

whereas the response in the rat stomach strip and rat aortic

strip may be attributed to a properly developed organelles

suggestive of greater intracellular Ca2• holding capacity in

th 
the �ources of activator calcium are

ese muscles or -

different in the different muscles.

chloroquine which consistently potentiated

Low dose 

acetylcholine in normal phyPiological salt solution had no

effect on the residual response in rat stomach strip or rat

·dual response is presumed to be due, at

'rhe reS1 
ao1 .. t ic strip. 
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least partly to Ca2+ mobilised from intracellular sources

(Heaslip and Rahwan� 1982). The failure of low dose

chloroquine to potentiate the residual response suggests that

the potentiation seen in normal physiological salt solution

must be due to facilitation of calcium influx. On ·the other

hand� the residual response was completely abolished by high

dose chloroquine. This effect reflects the action of

chloroquine in low calciu1n media ( 0. 45mM) where CQ ( 10-4M)

also completely abolishes agonist contraction (see Figt7p t�)

This result indicates that the inhibitory effects of high dose

chloroquine is exerted intracellularly. It could be due to

i�ibition of any of the events following receptor occupation

for example artivation of protein kinase C. inositol

hydrolysis (Rasmussen et. al,, 1987) mobilisation of calcium

It is noteworthy 

from intracellular store (Hinkle. 1965).

that in normal Ca2-.. containing physiological salt solution.

chloroquine (10-4M) does not produce a complete inhibition of

Ach and NA contractions of rat stomach strip and rat aortic

strip as can be seen in Figlf-,'.2.I), whereas in Ca2+ free EGTA

solution this concentration of chloroquine abolishes the

renldual resonnse: this observation may be taken to mean that

t ff t Of chloroquine on Ca2+ translocation is

he predominant e ec 

the effect of l1igh dose chloroquine

facilitation .. 
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exerted at an intracellular site 1S inhibitory. The lesser

inhibitory effect of high dose chloroquine in Ca2+ containing

solution than in Ca2+ free EGTA solution is then explained by

a counteracting influence of external Ca2+ _ From the above

results it may be cone luded that chloroquine in gut and

vascular smooth muscles interacts with contractile agents at

two sites� one site being the cell membrane where low dose

chloroquine causes potentiation probably by facilitating

agonist-induced Ca2+ translocation. The other site lS 

intracellular \vhere high dose chloroguine inhibits agonist

contraction bv int.erference with intracellular mechanisms.

This implies that the action of chloroquine on muscle

contraction would depend on the concentration of calcium in

the bathing physiological solution.

DilJt1 

Of smooth muscle to calcium pre

Contractile responses

in a ca:2... free bathing medium and exposed to a
• 
incubated 

· of KCl are often used to identify

depolarising concentration

. lciuin channel antagonistic properties

compounds possessing ca 

1984· Godfraind et. al.� 1986).

(Spedding and Cavero.

eriments high conce11tration of CaC1 2

present e.XP 
In the 

Produced a 
1 ted response of the rat aortic

tration-re a 
concen 
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strip preparation. Low dose antimalarial did not show a 

marked potentiation as can be seen in Fig.2bpl¼ neither did

high dose cause marked inhibition. This was similar to the

result obtained when K+ was used as agonist. 

Contractile responses evoked by CaCl2 in depolarising PSS 

have been proposed to occur as a result of Ca2+ entry from the 

PSS through a Ca2
+ pathway (Ca2+ channels) in smooth muscle 

plasma membrane that are opened by depolarisation of the

membrane. the so-called voltage dependent Ca2+ channels

(Bolton. 1979: Van Breemen e.t. al .. 1979: Meisheri, 1981; 

The fact that

Spedding. 1982: Cauvin et_. al.. 1984).

contractions evoked in high Ca2• was not markedly blocked by

high dose chloroquine suggest that the antimalarial might not

be invc,lved in ca2+ entrY through the VOC or POC, while the 

classical Ca2+ antagonist are known to block Ca2• entry via 

the POC: this finding corroborate previous result with K• in

this studv. Similarly high doses of chloroquine > 10-0M did

K and Ca2+; this again exclude the

not ma.rkedly block -+-

-

possibility of CQ interaction with POC. However. Savage

( 1987); in comparing the Ca2+ blocking activities of four

antimalarials (CQ, ' 

classical Ca2 ... blocker (Fleckenstein. 1977: Spedding, 1982) in

rat ileum found that AHDG the most potent and mefloquine the

AMDQ, Quinine. MFQ) with Nifedipine a
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least potent of the antimalarials showed similar calcium

blocking properties at high dose

> 10-6M; while Nifedipine in lower doses ( 10-11 - 10-9M)

effectively blocked Ca2+ • He found that Nifedipine a known 

Ca2+ entry blocker was at least 100,000 times more potent than 

Amodiaquine on molar basis. The antimalarial concentration 

used in these studies were similar. 

On the basis of molarity� the four antimalarials used did 

not possess a specific Ca2+ channel blockade. The Ca2-+- and 

antimalarial interaction was non-competitive� ruling out the 

possibility of a receptor effect. The concentration response 

curves where shifted to the right with depressed maxima (see 

Fig:ZSp1}cz}. The result in the present study does not show the 

action of antimalarial (on maolar basis) when compared to the 

classical Ca2+ blocker (Nifedipine) as a potent or specific 

Ca2+ channel blocker. 

STUDIES IN VASCUT,AR SMOOTH MUSCI,E 

Over the years, it has been realised that vascular

endothelium has an important influence on blood vessel tone

via release of endothelium derived relaxing factor (EDRF) _

Thus in 

agonists 

bl d vessels the response of a
many oo 

. d d nt on the integrity of the
is epen e 

variety of 

endothelium 

UNIV
ER

SI
TY

 O
F 

IB
AD

AN
 L

IB
RAR

Y

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



.. 

165 

n 8 result discussed here� the muscles
(Furchgott� 1983). I th 

used were endothelium free. I n these studies, an attempt was

made to compare the results from the gut smooth muscle with

those of the vascular muscle with a view to elucidate the

mechanism of action of chloroquine and possibly the 

cardiotoxic effect associated with chloroquine in malaria

therapy. 

Con tract ions of vascular m\ASC le may be initiated by

elevating the concentration of free intracellular stores of

Ca2+ or by influx of ca2- from the extracellular environment

through voltage operated channels activated by agonist

receptor con11)ina t.ior1 (Weiss. 1985) - Electrophysiological

studies have shown that the voltage operated calcium channel

can be sub-divided into three types (T. N and LI on the basis

of their gating properties and pharmacological sensitivities

(Nowycky et. al�· 1985: McCleskeY et. al., 1987). The three

types of channels differ in their tissue distribution and

pharmacological properties (Tsien et. al .. 1988). 

The T-type channel is characterised by a transient time

C d 'd ·nactivation and a sensitivity to blockade 

ourse ue to rapi 1 

b The L-type or slow calcium channel is slowly

Y nickel ior1s.
type ser1si ti \'e to the 

• the onl7)' 
• 

inactivated and 1s 

Another rapidly inactivated channel is the

dihydropyridines-
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N-type which in contrast to the T-channel is sensitive to

contoxin from Conus geographus. Ca2
+ influx through N-type

o a2
+ than to any other divalent

channels is more sensitive t c 

cation (Nachshen, 1984). 

The evidence for multiple channels has been elucidated in

detail by Tsien et. al. ( 1987). In vascular smooth muscle

cells however only two types of Ca2-+- channels have been

identified� an L-type channel and a rapidly inactivated

dihydropyridine-resistant channel possibly T-type ( Loirand et.

al.� 1976: Aaronso11 et. al .. 1986; Bean et. al., 1986). The

contractile response of rat aorta is not due to an influx of

Ca2
+ ions th1--01.lgh L-t�,pe VOC.. as dihydropyridine failed to

modify tl1ese 1 ... espo11se t Ca\1e1--o a.nd Lawson, 1987) .

In the rat isolated aorta. contractions induced by high

concentration of Noradrenaline (NA) and high K+ are biphasic;

the earlv fast component of contractions depends upon release

� 

f
� 2 h·le the slowly developing sustained

o intracellular ca·+ w i 

Ph f t · depends upon influx of extracellular Ca2+ 

ase o contrac ion

In Ca2- free conditions a

(Yamashsi ta et._ al... 1977) ·

may be induced in the rat aorta by NA

transient contraction

which is thought to be mediated by intracellular Ca2+ (Heaslip

KCl has been shown to produce a biphasic

and Rahwan. 198�)-

ta (Nghiem et. al .. 1982) witl1 a less

contracion in the rat aor 
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N-type which in contrast to the

contoxin from Conus geograpbus.

T-channel is sensitive to

Ca2
+ influx through N-type

o a2+ than to any other divalentchannels is more sensitive t c 

cation (Nachshen, 1984). 

The evidence for multiple channels has been elucidated in

detail by Tsien et.. al. ( 1987). In vascular smooth muscle

cells however only two types of Ca2-+- channels have been

identified� an L-type channel and a rapidly inactivated

dihydropyricline-resistanL cl1annel possibly T-type ( Loirand et.

al., 1976: Aaronsor1 .e..t._. al., 1986� Bean _et. al.� 1986). The 

contractile response of rat aorta is not due to an influx of

Ca2
+ ions throt.1gh L-t1rpe VOC. as dih�1dropyridine failed to

modify these response (Cavero and Lawson, 1987).

In the rat isolated aorta. contractions induced by high

concentration of Noradrenaline (NA) and high K• are biphasic:

the early fast component of contractions depends upon release

of intracellular ca2• while the slowly developing sustained

d d Pon influ'l' of extracellular Ca:2-+-

phase of cont1,action epen s u ·· 

1977) In Ca2+ free conditions a 

(Yamashsita et, al ..

lnay be induced in the rat aorta by NA

transient contraction

which is thought to be mediated by intracellular Ca2• (Heaslip

KCl has been shown to produce a bi�asic

and Rahwan� 1982)-

ta ( Ngl1iem et, al.... 1982) wi tl1 a less

contracion in the rat aor 
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definite separation between the faSt and slow components of

the KCl induced contraction both depending exclusively upon 

amas i ta et• al., 1977; Heaslip and extracellular Ca2+ (Y h 

Rahwan � 1982).

Results of the ef feet of CQ on NA and K+ induced

s rip in the present series of
contraction of the rat aortic t · 

experiments were similar to those of the gut smooth muscle as

previously discussed. That is. the predominant effect of

doses of CQ of the order of 10-7M was a potentiation, but

doses> 10- 5M produced inhibition. This observation is similar

to those previously reported in guinea pig atria (Marshal and

Ajewole. 1978: Makinde. 1977) where it was suggested that the

quinoline drugs (chloroquine. quinine and primaquine) produced

positive chronotropic effect. The mechanism of chloroquine

induced potentiation of spontaneous contraction of rat portal

vein (Ebeigbe and Aloamaka, 1982) was explained as being due

to the release of NA since phentolamine pretreatment prevented

this response. The phenomenon of potentiation in contractile

responses of vascular smooth muscle to biogenic amines has

been attributed to 

(l.') of en7.ymatic degradation of amine (Kalsner,

inhibition -

. d Furchgott, 1970);

1969a; Levin an 
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(ii) inhibition of amine uptake ( Kalsner and Nickerson. 1969a;

Kalsner and Frew. 1972) or interference with the

rebinding of calcium released into the environmAnt of the 

contractile element during contraction ( Kalsner. 1970c). 

The finding in both gut and vascular smooth muscles that low 

CQ potentiated • agonist action involving histamine .. 

acetylcholine and noradrenaline (NA) does not suggest 

inhibition of e11z�rma t ir degradation of amine up·take as a 

mechanism of action 0£ CG in this instance. On the other 

hand. the obser·vat ion that a variation in the concentration of 

Ca2+ in the bathing fluid had a profound effect on the extent 

of potentiation js strongly suggestive of a role for Ca2
� in 

this phenorr1enon. Furtt1errnore. the observation that NA-.. .. 

mediated contra�Lions were more potentiated than K+ mediated

contractions suggests tl1at the effect of CQ is greater on ROC

than on voe� in doses > 10- 6M. inhibitory effect was again

more marked in receptor mediated responses than K+ mediated

responses: ts that the inhibitor, ... 1 effect of tl1is sugges 

chloroquine might not involve the opening of calcium operated

channe 1 through voe.
Tl1e mechanisms b�1 which a drug may 

l'nhi'bi't 1 contraction mav include the following;
vascu lat .. muse e 

membrane hyperpolarisation lHausler and Thorens1 1975)�

inhibition of Ca2-i· entry (Kreye et. al., 1975� Zsoter et. al.,
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1977: Thorens and Haeusler .. 1979 1984) .. · � Karaki et. al ... 

increase in Ca2+ extrussion or sequestration {Zsoter et. al . ..

1977� Popescu et. al, .. 1985)� or inhibition of receptor linked 

phosphoinosi tide breakd\'1on (Rapoport .. 1986). It may also be 

due to inhibition of utilization of intracellular Ca2+ _ The 

observed inhibition of contractio11 b1r higl1 dose CQ in the RAS 

may be due to one or more of the above mechanisms. However ..

the failure of low dose CQ to influe11ce the residual response 

and the total abolition of tl1is response by higl1 dose CQ are 

indicative of an intracellular site for the inhibitory action 

of CQ and othe1· a11timalarials (see above). 

DILATOR AND INHIBITORY EFFECT OF AtlTIMAI,ARIAI, 

l. • e . ..

The 'Dilator' effect of 10-4M CQ was distinctly greater 

1Q-4t,,j CQ completely relaxed the precontracted vessel 

whereas the same concentration of CQ pre-incubated only

reduced contraction to NA by about ?0% ( see Fig2.�02.?) It is

notewortlly that CQ and gui11ine are more potent than Diltiazem

in relaxing precontracted arter�r. Although Diltiazem is not

Potent ca2� channel bloclter particularly a (as Nifedipine) ..

Present experiment lends additio11al supportthe result of tl1e 

1 t I effects of CQ and Quinine areto the view that the JDi a or 

due to mecl1anisms otlier t}1an Ca 2-+- channe 1 bloc]r.:ade _ Tl1e 
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demonstrated an interesting

of CQ in {i,igure ?.lp, f� l 't-,,)

aspect of the 

It can be seen that CQ has a greater effect in relaxing 

the pre-contracted art th ery an in preventing the initiation of 

contraction. I have no adequate explanation for this 

observation but it is possible that CQ has a greater effect in 

inhibiting the mechanism responsible for sustaining the 

contraction than in initiating contraction. 

REI,AXANT ACTION OE CG IN. RAT A()RTA 

Tl1e relaxant action of c}1loroguine was studied in the rat 

aortic strip p1"'e-cor1tract ed with NA or K-+ . The relaxant 

effect of chloroguine was again more marked on NA than K-+-

induced con�ractions ( see Fig1.�p1�) � In this regard and in

co11trast to ca2- cl1annel blockers1 the action of chloroquine

was similar to t}1e rela.xant action of sodium nit1--oprusside

(Karaki et. al,&1 1987). 

However .. methylene blue ( 10-3H) whicl1 is k110\,1n to block 

the relaxant effect of sodium nitroprusside (Karaki et. al.,

1984) did not modify the relaxant effect of CQ ( see fig1?<-

pk,.t)

suggesting 

chloroquine 

Possibility 

that tl1e mechanism of the rela):.ant effect of

. lar smootl1 muscle might be unique. The
in vascu 

l laxant effect of chloroquine might be
that t1e re 
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due to K+ channel opening was also · investigated. It is known 

that cromakalim, a K+ h 1 c anne opener relaxes arterial muscle

precontracted with 15mM K• but w1.·th not when precLntracted 

60mM or higher concentration of K+ (Yu et,. al . ., 1992) . The 

apparent mechanism of cromakalim is to stimulate K+ efflux 

which 
• 

in turn causes hyperpolarisation and subsequent 

relaxation of arterial muscle. 

(Hamilton etr al .. 1986; Weir and Weston, 1986; Quast., 

1987; Cook et. al .. 1986: Quast and Baumlim. 1988) under the 

condition w}1ere ar'ter ial strips are contracted with low

concentration of K+. Cromakalim does not produce relaxation 

in high I"+ ( 6 5 . 9 mt--1 ) . Prest1mably because high K+ 1--educed 

equilibrium potential of K+ to a value of membrane potential 

less negative than that required to close VOC channel 

( Masuzuwa et. al. . 1990) - Tl1e result in the present study 

where 15mM K*" arld 60mt-'1 K-+- were used to i:•recontract the muse le

are · t] t}1ose of classical K+ opener wl1ich in contrast �., J.. 1 

relaxes arterial smoot}1 muscles precontracted with only low

dose of K+ lSmM and not 60mM- CQ in this study was effective 

· 
precontracted by both 15mM K+ and 60mM K

in relaxing arteries 

(see suggesting that the mec11anism of action

d to K+ channel opening.
chloroqui11e 1nay not be ue

"

OI 
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QONCT,USION 

It is concluded from the results of this study that 

(a) Chloroquine has two sites of action in smooth muscle.

- mem rane w ere it appearts to
One site is the mu�cle cell b h 

• facilitate the influx of calcium; this effect is more

marked on receptor linked responses than K+ induced 

responses_ The other site is intracellular where tl1e 

action is observed at higher concentration of chloroquine 

a11d is 1nanifested as i11hi bi tion of agonist contractions. 

In regard to the actions of t}1e other antimalarial drug 

studied at these two sites� Amodiaguine, Mepacrine and 

Quinine sl1owed similar activities to Chloroquine. i.e., 

they consiste11tly potentiated agonists contractions at 

low doses and inhibited at high concentrations. 

Halofantrine and Melfoguine on the otheI' hand showed

nei t11e1� tnai--l�eti potentiation at lov1 doses nor inhibition

at 11igh doses - The common feature in the structure of

the antimalarial with similar actions to CQ are Quinoline

nucleus .. 

position 

amino substitution in either the 4t11 or 8th

AMDQ. HPC) or su1:,sti tut ion in the 6th
(CQ. 

} l 'd (CQ AH[1Q) or CH30 methoxy (Quinine)_
position c1 ori e ' 
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STRUCTURES OF SOM 17:A.NTIMALARIAL DRUGS ·

4- QUINOLINE METHANOLS
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STRUCTURES OF SOME 17ANTIMALARIAL DRUGS 
2 

4 - QUINOLINE METHANOLS 
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(b) The relaxant effect of CQ and antimalarial acting

similarly in arteries was most likely not due to calcium 

channel blockade nor opening of K+ channels; CQ probably 

interacted with intracellular contractile mechanisms. 

(c) The effect of chloroquine on muscle contraction depends

on muscle type. agonist used, and the concentration of 

Ca2
+ in the bathing fluid. 

These findings suggest that vascular relaxation by 

chloroquine mav contribute .. 
to the cardiovascular collapse 

sometimes encour1tered in chloroquine therapy. 
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