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Summary 

Binding and electrophysiological s tudies were 
carried out in o r d e r to invest igate the mechan-
isms under ly ing the card iac anticholinergic 
action of ch lo roqu ine . Muscar inic receptors of 
guinea-pig hear t h o m o g e n a t e s were labelled 
with t r i t ia ted quinucl idinyl-benzi la te ( | ? H | -
Q N B ) in the absence a n d in the presence 
of c h l o r o q u i n e . C h l o r o q u i n e (10~S— 1 0 " 4 M) 
produced a shift of the Q N B satura t ion binding 
curve to the right. Increas ing the chloroquine 
concentra t ion in the presence of a constant 
Q N B concen t ra t ion p roduced a progressive 
decrease in Q N B binding , but the Q N B -
chloroquinc compe t i t i on curves were shallow 
(Hill coef f ic ien ts = 0.65) . Ch lo roqu ine also 
shifted the Q N B - c a r b a c h o l compet i t ion curve 
to the right wi thout changing its Hill s lope. In 
electrophysiological expe r imen t s , ch loroquine 
inhibited the negat ive ch rono t rop ic effect of 
carbachol in L a n g e n d o r f f - p e r f u s e d hearts . This 
inhibitory ef fec t of ch lo roqu ine was ob ta ined at 
concent ra t ions lower than those expec ted to 
produce significant b inding to muscarinic 
receptors , a n d was not comple te ly reversible. It 
is concluded that the b inding of ch loroquine to 
cardiac muscar in ic recep to rs is complex and 
that in addi t ion to the interact ion at the 
receptor , o t h e r mechan i sms a re involved in the 
inhibition of the muscar in ic agonis t - induced 
negative ch rono t rop i c e f fec t . 

d ' investiguer les mecanismes de Taction anti-
cholinergique card iaque de la ch loroquine . Les 
recepteurs muscariniqucs presents d a n s des 
homogena ts de coeur de cobaye on t e te 
marques a I'aidc du quinuclidinylbenzilate tritie 
( | ^ H | O N B ) en presence ou en absence d e 
chloroquine. La chloroquine (10 4 - 1 0 - 5 m) a 
produit un deplacement vers la d ro i te de la 
courbe de saturat ion en Q N B . L ' augmcnta i ion 
de la concentrat ion de chloroquine en presence 
(Tunc concentrat ion constante de Q N B a cause 
une diminution progressive de la liaison de 
Q N B . mais les courbes de compet i t ion ont one 
faible pente (coefficient de Hill = " .65) . L-i 
chloroquine a <5galement produi t un deptace-
ment vers la droi te de la courbe de compet i t ion 
QNB-ca rbacho l , sans en modif ier la pente . 
Dans les e tudes e lectrophysiologiques. la 
chloroquine a inhibe I 'effet ch rono t rope negatif 
du carbachol sur des coeurs per fuses selon la 
technique de Langendorf f . Cct effe t inhibi teur 
de la chloroquine a ete ob t enu a des concent ra -
tions infer ieures a celles necessaires pour 
produire une liaison considerable aux recep-
teurs , et n 'etait pas c o m p l e m e n t reversible. 11 
est conciu que la liaison de la ch loroquine aux 
recepteurs muscariniques card iaques est com-
plexe et q u e , en plus de ( ' interaction au niveau 
du recepteur , des m£chanismes supp lemen-
taires sont en j eu au cours de Tinhibition de 
I 'effet ch rono t rope negatif des agonis tes 
muscariniques. 

Resume 

Des exper iences de liaison aux recep teurs ainsi 
que d 'e lec t rophysio logie ont e t e m e n e e s afin 

Correspondence: Dr. K. Muhagwa, Department of 
Pharmacology. University of Connecticut Health 
Center, Farmington, CI* 06032, USA. 

Introduction 

Chloroqu ine is a 4-aminoquinol ine derivat ive 
which exerts a variety of pharmacological 
effects , the best known of which are its ant imal-
arial and ant i - inf lammatory act ions. Chloro-
quine has a cardiac ant i -arrhythmic action [1J, 
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which is probably related to its local anaesthet ic 
proper t ies . Ch lo roqu ine has also been shown to 
increase the heart rate as well as electrocardio-
graphic voltages in the frog |2). In a recent 
study in which clinical doses (225 or 600 mg 
base) of ch loroquine were adminis tered orally 
to heal thy volunteers , we have shown that the 
drug causes (1) an increase in resting heart ra te . 
(2) a decrease in the inf luences of d e e p breath-
ing, of postural change, as well as of the 
Valsalva manoeuvre on heart ra te , and (3) a 
decrease in the mean beat- to-beat variation of 
the cardiac cycle ( R - R interval) (3]. Similar 
effects a re known to be p roduced by a t rop ine , 
suggesting that the effects of chloroquine are 
due to an ant imuscarinic act ion. Anticholin-
ergic actions of chloroquine have been re-
por ted 14-6], and some evidence has been 
provided for the binding of ch loroquine to 
muscarinic receptors |7,8). However , none of 
the previous s tudies used cardiac tissues. As 
muscarinic receptors in various organs can be of 
dif ferent pharmacological subclasses, the 
present s tudy was under taken to assess the 
interact ion of chloroquine with cardiac mus-
< u ' . r iL rccepto is (p iedominant ly of m-2 type) . 

Mater ia ls mid methods 

Hear t s obta ined f rom guinea-pigs (weighing 
400-700 g) were used in the study. Hear t s 
des t ined for radioligand studies were Langen-
dor f f -pe r fused with Ty rode ' s solution for 1 min 
to r emove blood f rom the coronary system and 
were processed as descr ibed below. Hear t s 
dest ined for electrophysiological s tudies were 
per fused for at least 1 h be fo re the exper iment . 
They were immersed in a bath filled with 
Ty rode ' s solut ion. 

Binding studies were pe r fo rmed on h o m o -
gena tes ob ta ined f rom whole hear ts . T h e pro-
tocol fol lowed is practically the s a m e as the o n e 
used in previous studies [9,10). I l o m o g e n a t e s 
(100 |d or c. 50 jig prote in) were incubated in 
T y r o d e ' s solut ion conta in ing quinuclidinyl-
benzilatc ( Q N B ) (total vo lume of incubat ion: 
1.2 ml) . T h e incubat ion was carr ied out at 37°C 
for 90 min, in the presence or in the absence of 
ch lo roqu ine . Each exper imen t was d o n e in 
dupl ica te . T h e separa t ion of bound f rom un-
b o u n d radioact ive ligand was achieved by rapid 
f i l trat ion through glass f ibre fi l ters ( G F / C or 

G F / B . W h a t m a n ) fo l lowed by washing twice 
with 5 ml ice-cold T y r o d e ' s solut ion. The 
washed fi l ters were placed in vials to which 
10 ml of scinti l lation fluid (Dimi lume-30 + 
Soluene-350, P a c k a r d ) w e r e a d d e d . Radio-
activity was c o u n t e d in a (^-counter after 
12-24 h at 4 5 % eff ic iency. Muscarinic-specific 
binding d e f i n e d as the a t ropine-displaceable 
binding was ca lcu la ted as d i f fe rence between 
the total b ind ing a n d t h e non-specif ic binding 
remain ing in the p r e s e n c e of K)~ft M atropine. 

For e lec t rophysio logica l e x p e r i m e n t s , elec-
t roca rd iograms ( E C G s ) of isolated hearts 
were r eco rded with two e l e c t r o d e s a t tached to 
the walls of the incuba t ion b a t h . T h e signal 
f rom the e l ec t roca rd iog raph ( E K - 8 , Burdick) 
was ampl i f ied and f i l te red ( f r e q u e n c y band : 10-
100 Hz; B io -Ampl i f i e r 631. Ph ipps and Bird) 
be fo re be ing d i sp layed on a pen recorder 
(B iocorder 5 - 2 0 0 , Sc ience Ins t rumen t s ) . The 
muscar inic agon i s t - induced negat ive chrono-
tropic ef fec t was d e t e r m i n e d by measur ing R - R 
intervals at d i f f e r en t t imes fol lowing the ad-
minis t ra t ion of c a r b a c h o l , in the absence or in 
the p resence of c h l o r o q u i n e . T h e exper iments 
were carr ied ou t at 25-26°C\ Th i s t empera tu re 
is lower t han the o n e used in b inding studies 
due to a high f r e q u e n c y of occur rence of 
a r rhy thmias at 37°C, especial ly during 
muscar in ic agonist app l i ca t ion . 

T h e compos i t i on of t h e Tyrode 's solution was 
(in HIM): NaCI 127, KC1 5 .4 . CaCI 2 1.8, MgCU 
0.5, g lucose 5, and e i the r N a H C O * 23 ( for ECG 
studies) o r t r i s - h y d r o x y m e t h y l a m i n o m e t h a n e -
IICI 10 ( for b ind ing s tud ies ) . W h e n NaHCO* 
was used , the solut ion was bubb l ed with carbo-
gen ( 9 5 % 0 2 + 5 % C O : ) to give a pi I of 7.5 at 
25°C. C h l o r o q u i n e , qu in ine hydrochlor ide and 
ca rbamylcho l inc ch lor ide (carbachol ) were 
f r o m Sigma. A t r o p i n e su lpha t e was from 
Boehr inge r . Tr i t i a ted Q N B (| %I1)QNB; specific 
activity 43 .3 C i / m m o l ) was f r o m Amersham. 

Results 

Ev idence for the in teract ion of chloroquine 
with muscar in ic recep to rs is p rov ided in Fig. 1. 
Figure la i l lustrates the results of an experi-
ment in which muscar inic recep to rs were label-
led with increasing concen t ra t ions of Q N B in 
the absence or in the presence of chloroquine. 
In the absence of ch lo roqu ine , Q N B bound 
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FIR. I. Binding of chloroquine to muscarinic receptors, (a) Shift of QNB saturation curve by chloroquine. 
Labelling of muscarinic receptors was done using increasing QNB concentrations in the absence and in the 
presence of chloroquine. (b) Shift of QNB-carbachol competition curve by chloroquine. Various carbachol 
concentrations were used to decrease QNB binding, in the absence and in the presence of chloroquine. The QNB 
concentration used to label the receptors was 750 pM. (c) Inhibition of muscarinic-specific QNB binding with 
increasing chloroquine or quinine concentrations in the presence of a constant QNB concentration (750 psi). (d) 
Inhibition of ONB binding with increasing chloroquine concentrations as in (e). but for three different QNB 
concentrations. 

with an apparent dissociation constant of 94 p,w. 
In the presence of 1()~5 o r 10~4 m ch lo roqu ine , 
the saturat ion curve was shif ted to the right 
without an appa ren t change in the maximal 
binding capacity. T h e dissociat ion cons tant for 
the ch loroquine-muscar in ic recep tor inter-
action could be roughly es t imated f rom the 
magnitude of the shift p roduced by ch loroquine 
in two such exper iments : (K\ = (concentra t ion 

of chloroquine) / (EC 5 „ rat io — 1), where K\ is 
the apparen t dissociation constant and EC50 is 
the Q N B concentra t ion producing 5 0 % 
binding) and was found to be 2.0 x 10~5 M. 

T h e binding of chloroquine to muscarinic 
receptors was also revealed by its ability to 
influence the Q N B - c a r b a c h o l compet i t ion (Fig. 
lb ) . Carbachol decreased the Q N B binding in a 
concent ra t ion-dependent way, with a half-
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m a x i m u m inhibi tory concen t r a t ion (IC50) of 
6 .5 x 10~5 M in the p resence of 750 PM Q N B . 
T h e compe t i t i on curve was sh i f ted to the right 
in the p resence of ch lo roqu ine . T h e Hill coeff i -
cient fo r ca rbachol inhibi t ion of Q N B binding 
was low (//11 = 0.62) and was not changed in the 
p resence of ch lo roqu ine . 

In the expe r imen t of Fig. l c the r ecep to r s 
were labelled with a cons tan t Q N B concen t ra -
t ion in t h e p resence of varying concen t r a t ions 
of ch lo roqu ine o r qu in ine . Q u i n i n e , a n o t h e r 
quinol ine-conta in ing ant imalar ia l d rug , was in-
c luded in this expe r imen t for compar i son with 
ch lo roq ine . Bo th ch lo roqu ine and qu in ine pro-
duced a concen t r a t i on -dependen t dec rease in 
the a m o u n t of Q N B b o u n d . H o w e v e r , w h e r e a s 
the inhibit ion of Q N B binding by qu in ine 
occur red over 2 logar i thmic uni ts of concen t ra -
t ion , the dec rease of Q N B binding by chloro-
qu ine occur red ove r m o r e than 4 units , with an 
IC5( ) of abou t 1.4 x 10~5 M. T h e Hill coeff i -
c ients for the inhibit ion of Q N B binding were 
0 .57 and 1.5 for ch loroquine and qu in ine , 
respectively. T h e p seudo K\ for ch lo roqu ine 
calculated f rom these results is 1()_> M, i .e . 
close to the value ob ta ined f rom sa tura t ion 
exper imen t s . T h e s ame exper imen ta l protocol 
•\.is r epea t ed for ch loroquine using th ree dif-
fe ren t Q N B concen t ra t ions (Fig. Id) . Even 
^ i ih high Q N B concen t ra t ions ch lo roqu ine was 
able to complete ly inhibit Q N B binding. In all 
cases the compet i t ion curves were shal low, with 
Hill coef f ic ien ts of abou t 0.65. 

In o r d e r to test for a funct ional implicat ion of 
this b inding of ch lo roqu ine 011 recep tors , the 
inf luence of ch lo roqu ine on muscar in ic agonist-
induced negat ive ch rono t rop i sm was s tud ied . 
Figure 2a shows an expe r imen t in which the 
t ime course of ca rbacho l - induced change in 
R - R interval , be fo re and a f t e r addi t ion of 
ch lo roqu ine was s tud ied . In the absence of 
ch lo roqu ine , ca rbachol (10 -<> M) p r o d u c e d an 
increase in the du ra t ion of the ca rd iac cycle ( i .e . 
a s lowing of hear t ra te) . T h e negat ive ch rono-
t ropic ef fec t of ca rbacho l r eached a m a x i m u m 
be fo re decaying to a s t eady value within 10-15 
min . Th i s f ade of the negat ive c h r o n o t r o p i c 
r e sponse to ca rbacho l is p robab ly d u e to a 
desens i t iza t ion process [ 11,12) s ince it could be 
shown in o t h e r e x p e r i m e n t s that such a f ade 
was a c c o m p a n i e d by a dec reased responsive-
ness to f u r t h e r ca rbachol appl ica t ion a f t e r shor t 
( < 1 0 min) washout per iods . H o w e v e r , re-

covery f r o m this desens i t iza t ion process 
r e a c h e d s t eady-s t a t e wi thin 15 min of washout, 
a n d most ( > 9 0 % ) of the responsiveness to 
ca rbacho l was r e c o v e r e d (K . M u b a g w a , un-
pub l i shed d a t a ) . In the e x p e r i m e n t of Fig. 2a, 
a f t e r w a s h o u t of c a r b a c h o l , the hear t was 
p e r f u s e d with I0~ 6 M c h l o r o q u i n e for 15 min. 
C h l o r o q u i n e a l o n e p r o d u c e d an increase of the 
R - R in te rva l f r o m 0 .43 to 0 .77 sec at the 
c o n c e n t r a t i o n used . In t h e p r e s e n c e of chloro-
q u i n e , c a r b a c h o l h a d 110 e f fec t on the cardiac 
cycle d u r a t i o n , sugges t ing t ha t chloroquine 
a n t a g o n i z e s t h e c a r d i a c musca r in i c receptor-
m e d i a t e d r e s p o n s e . It is t o b e n o t e d that this 
inh ib i to ry e f fec t of c h l o r o q u i n e on the mus-
car in ic r e s p o n s e w a s m a x i m a l at a concentra-
t ion lower t h a n t h e e s t i m a t e d i .e. at a 
c o n c e n t r a t i o n wh ich p r o d u c e s b ind ing to less 
than 5 0 % of musca r in i c r ecep to r s . After 
c h l o r o q u i n e w a s h o u t , f u r t h e r appl ica t ion of 
c a r b a c h o l p r o d u c e d a n e g a t i v e chronotropic 
e f f e c t , a l t h o u g h t h e m a g n i t u d e of t h e response 
was smal l c o m p a r e d to t h e e f f ec t obtained 
b e f o r e c h l o r o q u i n e a d m i n i s t r a t i o n (Fig. 2a). 
T h e fact that s o m e r e s p o n s i v e n e s s to carbachol 
was r e c o v e r e d a f t e r c h l o r o q u i n e washou t also 
sugges ts that the lack of c a r b a c h o l response in 
the p r e s e n c e of c h l o r o q u i n e was not due to a 
pers is tent desens i t i za t ion fo l lowing the control 
ca rbacho l app l i c a t i on . W a s h i n g ch lo roqu ine for 
longer ( 3 0 - 6 0 m i n ) o r inc reas ing carbachol 
c o n c e n t r a t i o n to l ( ) - > - 1 0 ~ 4 M did not restore 
the or ig inal r e s p o n s i v e n e s s of t h e preparat ion 
(da ta not s h o w n ) . F i g u r e 2b p r e s e n t s the results 
of an e x p e r i m e n t in which carbachol was 
appl ied in t h e p r e s e n c e of va r ious chloroquine 
c o n c e n t r a t i o n s . Inh ib i t ion of the chronotropic 
r e sponse t o c a r b a c h o l w a s o b t a i n e d with con-
cen t r a t i on as low as 1()_< 'M ch lo roqu ine . Com-
ple te d o s e - r e s p o n s e s tud ies w e r e h a m p e r e d by 
the lack of reversibi l i ty of ch lo roqu ine action 
a n d by the fact tha t even in p repa ra t ions not 
e x p o s e d to c h l o r o q u i n e the responsiveness to 
ca rbacho l t e n d e d to d e c r e a s e with time, 
a l t hough to a m u c h lower d e g r e e than in 
p r e p a r a t i o n s e x p o s e d to ch lo roqu ine . How-
e v e r , in fou r out of eight p r epa ra t i ons . 10"" M 
c h l o r o q u i n e w a s ab le to comple te ly inhibit the 
ca rbacho l - induced increase in R - R interval. 

Discussion 

T h e results con f i rm that ch lo roqu ine interacts 
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with muscarinic recep tors as previously shown 
in neuroblas toma-gl ioma cells [71, and recently 
in undi f ferent ia ted chick p repa ra t ions | 8 | . T h e 
pscudo K\ of ch lo roqu ine for card iac mus-
carinic receptors as roughly es t imated f rom 
exper iments descr ibed in the present s tudy is 
1-2 x 10~5 M, i .e . close to the value (0 .6 x |()~5 

M) obta ined ear l ier | 8 | , a n d indicates that 
chloroquine interacts with muscar inic recep to rs 
with relatively low aff ini ty . O n e f ea tu r e of the 
chloroquine in teract ion with card iac muscarinic 
receptors o b t a i n e d in the present s tudy, how-
ever. is d i f fe ren t f rom the results ob ta ined 
earlier. T h e inhibi t ion by ch lo roqu ine of the 
binding to ca rd iac muscarinic recep tors 
occurred at concen t r a t ions ranging over more 
than 3 -4 log uni ts (Fig. lc and d) . This was also 
reflected in the low s lopes o b t a i n e d in 11 ill plots 
(//11 = 0 .57-0 .60) . Such a result is not consistent 
with a simple compet i t ive an tagonism by 
chloroquine for b inding to a single populat ion 
of h o m o g e n e o u s sites. T h e low Hill s lope of 
chloroquine b inding resembles the o n e ob-
tained with agonis ts , which show shallow 

compet i t ion curves as a result of their binding 
to d i f ferent agonist-affini ty classes of mus-
carinic receptors |13,14 | . T h u s the results with 
ch loroquinc could also be explained by assum-
ing that this d rug interacts with a he te rogeneous 
popula t ion of sites. Al ternat ively , it is possible 
that ch loroquine , besides acting as a compet i -
tive antagonis t , also binds to a secondary site on 
the muscarinic receptor , which exerts co-opera-
tivity with the binding to the pr imary site. A 
similar situation is obta ined for the interact ion 
of muscarinic receptors with gal lamine and 
pancuronium |15 | or with verapamil (16). It is 
also to be noted that chloroquine has been 
shown to inhibit the response media ted by 
o ther receptors |4 ,6 | . It is thus very unlikely 
that the interaction of chloroquine with mus-
carinic receptors is selective. 

T h e electrophysiological results show that 
carbachoi ' s effect on heart rate was decreased 
or suppressed in the presence of chloroquinc 
T h e diminished response to carbachol in the 
presence of chloroquine is not due to a persis-
tent desensitization from a previous carbachol 
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Fig. 2. inhibition by chloroquine of the negative chronotropic effect of carbachol (10 " M). (a) Time-course of 
the effect of carbachol on R-R interval in the absence (O). in the presence ( • ) , ami after washout (A) of 10 '' m 
chloroquinc. (b) l ime-course of the effect of carbachol on R-R interval obtained in the absence (O), and in the 
presence of various concentrations of chloroquine 1(A) 10 " M. (D) 10 7 M. ( • ) 10 " M|. In (a) and (b), the 
duration of exposure to carbachol is indicated by a horizontal line below the data points. 
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application because: (1) carbachol was applied 
at a t ime when the recovery from desensitiza-
tion should have been comple te (i .e. a f ter 15 
min of carbachol washout in the absence of 
chloroquine and a fur ther 15 min washout in its 
presence) ; and (2) there was a partial recovery 
of the responsiveness to carbachol a f te r chloro-
quine washout . Thus , our data indicate that 
chloroquine antagonizes the negative chrono-
tropic action of carbachol . However , this anta-
gonistic effect was obtained even at chloroquine 
concentra t ions which do not produce significant 
binding to muscarinic receptors . The discre-
pancy between the relatively low affinity of 
chloroquine for muscarinic receptors and its 
high potency to inhibit the negative chrono-
tropic action of carbachol is too large to be 
accounted for by the difference in the tempera-
tures used in the two sets of exper iments and 
suggests that mechanisms other than competi-
tion for binding to the receptors are involved. A 
possible mechanism for the antagonism to the 
chronotropic action of carbachol is a direct 
blocking effect of chloroquine on the receptor-
to-effector coupling mechanisms or on the 
effector system itself. That is, chloroquine 
might have an inhibitory effect on the GTP-
binding protein ( G k ) or on the membrane lipid 
metabolism which couple (17-20) the agonis t -
receptor interaction to the activation of K f 

channels, or a direct blocking effect on these 
channels . It is to be noted that a discrepancy 
has also been observed between the effects of 
quinidine on isolated rabbit atrial muscle and 
those on ventricular muscle and has been 
tentatively explained by a blocking action of 
quinidine on muscarinic-sensitive K* channels 
(present in atrial but not in ventricular muscle) 
(21). Recent ly, it has been shown that quini-
dine, besides its well-known muscarinic anta-
gonist proper t ies (9.22). is also capable of 
directly blocking the muscarinic-activated 
channels of atrial tissues |23 | . Whe the r chloro-
quine , which is structurally related to quin id ine . 
has similar effects on the muscarinic-activated 
channel needs to be investigated. 
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