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Chloroquine interacts with muscarinic rcceptors and 
inhibits cholinergic effects in the heart 
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Summary 

Binding and electrophysiological studies were 
carried out in o rde r to investigate the mechan-
isms under ly ing the cardiac anticholinergic 
action of ch loroquine . Muscarinic receptors of 
guinea-pig heart homogena tcs were labelled 
with tr i t iated quinuclidinyl-benzilate ( | 3 H | -
Q N B ) in the absence and in the presence 
of ch loroquine . Chloroquine ( l t )~5- l()~4 M) 
produced a shift of the Q N B saturation binding 
curve to the right. Increasing the chloroquine 
concentra t ion in the presence of a constant 
Q N B concentra t ion produced a progressive 
decrease in Q N B binding, but the Q N B -
chloroquinc compet i t ion curves were shallow 
(Hill coeff icients = 0.65). Chloroquine also 
shif ted the O N B - c a r b a c h o l competi t ion curve 
to the right without changing its Hill slope. In 
electrophysiological exper iments , chloroquine 
inhibited the negative chronotropic effect of 
carbachol in Langendorff -perfused hearts . This 
inhibitory effect of chloroquine was obtained at 
concentrat ions lower than those expected to 
produce significant binding to muscarinic 
receptors, and was not completely reversible. It 
is concluded that the binding of chloroquine to 
cardiac muscarinic receptors is complex and 
that in addit ion to the interaction at the 
receptor , o ther mechanisms are involved in the 
inhibition of the muscarinic agonist-induced 
negative chronotropic effect . 

d'investiguer les mecanismcs de Taction anti-
cholinergique cardiaque de la chloroquine. Les 
recepteurs muscariniques presents dans des 
homogenats de coeur de cobayc ont e tc 
marques a I'aidc du quinuclidinylbenzilate triti<5 
( |*H|QNB) en presence ou en absence de 
chloroquine. La chloroquine (1()~4-10~5 M) a 
produit un displacement vers la droi te de la 
courbe de saturation en Q N B . [ . 'augmentat ion 
de la concentration de chloroquine en presence 
d une concentration constante de Q N B a cause 
une diminution progressive de la liaison de 
Q N B . mais les courbcs de competi t ion ont une 
faiblc pente (coefficient de Hill = 0.65). La 
chloroquine a egalement produit un deplace-
ment vers la droi te de la courbe de competi t ion 
QNB-carbacho l . sans en modifier la pente . 
Dans les e tudes electrophysiologiques. la 
chloroquine a inhibe I 'effet chronot rope negatif 
du carbachol sur des coeurs perfuses scion la 
technique de Langendorff . Cet effet inhibiteur 
de la chloroquine a c;t<5 obtenu a des concentra-
tions inferieures a celles necessaires pour 
produire une liaison considerable aux recep-
teurs. et n 'etait pas completement reversible. II 
est conclu que la liaison de la chloroquine aux 
recepteurs muscariniques cardiaqucs est com-
plexe et que , en plus de ( ' interaction au niveau 
du reccpteur , des mechanismes supplemen-
tal res sont en jeu au cours de I'inhibition de 
I'effet chronot rope negatif des agonistes 
muscariniques. 

Resume 

Des experiences de liaison aux recepteurs ainsi 
que d 'clcctrophysiologie ont e tc mcnccs afin 
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Introduction 

Chloroquine is a 4-aminoquinoline derivative 
which exerts a variety of pharmacological 
effects , the best known of which are its antimal-
arial and anti- inflammatory actions. Chloro-
quine has a cardiac anti-arrhythmic action [1|, 
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which is p r o b a b l y r e l a t ed t o its local a n a e s t h e t i c 
p r o p e r t i e s . C h l o r o q u i n e h a s a l so b e e n s h o w n t o 
i n c r e a s e the h e a r t r a t e as well as e l e c t r o c a r d i o -
g r a p h i c v o l t a g e s in t h e f r o g | 2 | . In a r ecen t 
s t udy in which clinical d o s e s (225 o r 600 nig 
b a s e ) of c h l o r o q u i n e w e r e a d m i n i s t e r e d o ra l ly 
to h e a l t h y v o l u n t e e r s , w e h a v e s h o w n tha t t h e 
d r u g c a u s e s (1) an i n c r e a s e in res t ing h e a r t r a t e . 
(2) a d e c r e a s e in t h e i n f l u e n c e s of d e e p b r e a t h -
ing, of pos tu ra l c h a n g e , as well a s of t h e 
Va l sa lva m a n o e u v r e o n hea r t r a t e , a n d (3) a 
d e c r e a s e in t h e m e a n b e a t - t o - b e a t v a r i a t i o n of 
t h e c a r d i a c cycle ( R - R in t e rva l ) (3). S i m i l a r 
e f f e c t s a r e k n o w n t o be p r o d u c e d by a t r o p i n e , 
sugges t ing tha t t h e e f f e c t s of c h l o r o q u i n e a r e 
d u e t o a n a n t i m u s c a r i n i c a c t i o n . A n t i c h o l i n -
e rg ic a c t i o n s of c h l o r o q u i n e h a v e b e e n re-
p o r t e d | 4 - 6 ) , a n d s o m e e v i d e n c e h a s b e e n 
p r o v i d e d for t h e b i n d i n g of c h l o r o q u i n e to 
m u s c a r i n i c r e c e p t o r s | 7 ,8 ] . H o w e v e r , n o n e of 
the p r e v i o u s s tud ie s u sed c a r d i a c t i ssues . A s 
musca r in i c r e c e p t o r s in v a r i o u s o r g a n s can be of 
d i f f e r e n t p h a r m a c o l o g i c a l subc l a s se s , the 
p r e sen t s t udy w a s u n d e r t a k e n to assess the 
i n t e r ac t i on of c h l o r o q u i n e with c a r d i a c mus -
ca r in ic r e c e p t o r s ( p r e d o m i n a n t l y of m - 2 t y p e ) . 

M a t e r i a l s a n d m e t h o d s 

Wc:«ri\ o b t a i n e d f r o m g u i n e a - p i g s (we igh ing 
"-O',-?!*) y ) w e r e used in t h e s t u d y . H e a r t s 
O ^ ' n e d fo r r ad io l igand s t u d i e s w e r e L a n g e n -
MV'if -perfuvcd wi th T y r o d e ' s so lu t ion fo r 1 m i n 
ID r e m o v e b l o o d f r o m t h e c o r o n a r y sys t em a n d 
»verc p r o c e s s e d as d e s c r i b e d b e l o w . I l e a r t s 
d e f i n e d for e l ec t rophys io log ica l s tud ie s w e r e 
p e r f u s e d for at least 1 h b e f o r e the e x p e r i m e n t . 
T h e y w e r e i m m e r s e d in a b a t h f i l led wi th 
T y r o d e ' s s o l u t i o n . 

B ind ing s t u d i e s w e r e p e r f o r m e d o n h o m o -
g e n a t e s o b t a i n e d f r o m w h o l e h e a r t s . T h e p ro -
tocol fo l lowed is prac t ica l ly the s a m e as the o n e 
used in p r ev ious s t u d i e s | 9 . 1 0 | . l l o m o g e n a t e s 
(1 (X) 111 or c. 50 jig p r o t e i n ) w e r e i n c u b a t e d in 
T y r o d e ' s so lu t ion c o n t a i n i n g qu inuc l id iny l -
benz i l a t e ( O N B ) ( to ta l v o l u m e of i n c u b a t i o n : 
1.2 ml ) . T h e i n c u b a t i o n w a s c a r r i e d ou t at 37°C 
for 90 m i n , in t h e p r e s e n c e o r in t h e a b s e n c e of 
c h l o r o q u i n e . E a c h e x p e r i m e n t w a s d o n e in 
d u p l i c a t e . T h e s e p a r a t i o n of b o u n d f r o m un-
b o u n d rad ioac t ive l igand w a s a c h i e v e d by rap id 
f i l t ra t ion t h r o u g h glass f ib re f i l ters ( G F / C or 

G F / B , W h a t m a n ) fo l lowed by washing twice 
wi th 5 ml ice-cold T y r o d e ' s solut ion. The 
w a s h e d f i l ters w e r e p laced in vials to which 
10 ml of sc int i l la t ion fluid (Dimi lumc-30 + 
S o l u e n e - 3 5 0 , P a c k a r d ) w e r e a d d e d . Radio-
act iv i ty w a s c o u n t e d in a ^ -counte r a f te r 
12-24 h at 4 5 % ef f ic iency . Muscarinic-spccific 
b i n d i n g d e f i n e d as the a t ropine-disp laceable 
b i n d i n g w a s ca l cu la t ed as d i f f e rence between 
t h e to ta l b ind ing a n d t h e non-speci f ic binding 
r e m a i n i n g in the p r e s e n c e of 10 ' ' M at ropine . 

F o r e l ec t rophys io log ica l expe r imen t s , elec-
t r o c a r d i o g r a m s ( E C G s ) of isolated hear ts 
w e r e r e c o r d e d wi th t w o e l e c t r o d e s a t tached to 
t h e walls of the i n c u b a t i o n b a t h . T h e signal 
f r o m the e l e c t r o c a r d i o g r a p h ( E K - 8 , Burdick) 
was a m p l i f i e d a n d f i l te red ( f r e q u e n c y band: 10-
100 H z : B i o - A m p l i f i e r 631. Ph ipps a n d Bird) 
b e f o r e b e i n g d i s p l a y e d on a pen recorder 
( B i o c o r d e r 5 - 2 0 0 . Sc i ence Ins t rumen t s ) . The 
musca r in i c a g o n i s t - i n d u c e d negat ive chrono-
t rop ic e f fec t w a s d e t e r m i n e d by measur ing R - R 
in te rva l s at d i f f e r e n t t i m e s fo l lowing the ad-
min i s t r a t ion of c a r b a c h o l . in the absence or in 
t h e p r e s e n c e of c h l o r o q u i n e . T h e exper iments 
w e r e c a r r i e d o u t at 2 5 - 2 6 ° C . T h i s t e m p e r a t u r e 
is l ower t han t h e o n e used in b inding studies 
d u e to a high f r e q u e n c y of occur rence of 
a r r h y t h m i a s at 37°C, especia l ly during 
musca r in i c agonis t a p p l i c a t i o n . 

T h e c o m p o s i t i o n of t h e T y r o d e ' s solut ion was 
(in niM): NaCI 127. KCI 5 .4 . C a C U 1.8. MgCI : 

0 .5 , g lucose 5. a n d e i t h e r Na l J C O j 23 ( for E C G 
s tud ies ) o r t r i s - h v d r o x y m e t h y l a m i n o m e t h a n e -
HCI 10 ( fo r b i n d i n g s tud ies ) . W h e n N a H C O * 
w a s u s e d , the so lu t ion was b u b b l e d with carbo-
gen ( 9 5 % 0 2 + 5 % C 0 2 ) t o give a pi I of 7.5 at 
25°C. C h l o r o q u i n e , q u i n i n e hydroch lor ide and 
c a r b a m y l c h o l i n e ch lo r ide ( ca rbacho l ) were 
f r o m S igma . A t r o p i n e s u l p h a t e was f rom 
B o e h r i n g e r . T r i t i a t e d O N B ( p l I | O N B ; specific 
act ivi ty 43 .3 C i / m m o l ) w a s f r o m Amersham. 

Resu l t s 

E v i d e n c e for the in t e rac t ion of chloroquine 
wi th musca r in i c r e c e p t o r s is p rov ided in Fig. 1. 
F igure l a i l lus t ra tes t h e resul ts of an experi-
men t in which muscar in ic recep to rs were label-
led with inc reas ing concen t r a t i ons of O N B in 
the a b s e n c e o r in the p resence of chloroquine. 
In the a b s e n c e of c h l o r o q u i n e , O N B bound 
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Fig. I. Binding of chloroquine to muscarinic reccptois. (a) Shift of ONB saturation curvc by chloroquine. 
Labelling of muscarinic rcccptors was done using increasing ONB concent rations in the absence and in the 
presence of chloroquine. (b) .Shift of ONB-carbachol competition curve l>y chloroquine. Various carbachof 
concentrations were used to decrease ONB binding, in the absence and in the presence of ehloriHiuinc. The ONB 
concentration used to label the receptors was 750 pM. (c) Inhibition of muscarinie-specific ONB binding with 
increasing chloroquine* or quinine concentrations in the presence of a constant ONB concentration (750 psi). (d) 
Inhibition of ONB binding with increasing chloroquine concentrations as in (c), but for three different ONB 
concentrations. 

with an apparent dissociation constant of 94 p\i . 
In the presence of 10" s or 10 4 M chloroquine, 
the saturation curve was shifted to the right 
without an apparent change in the maximal 
binding capacity. The dissociation constant for 
the chloroquine-muscarinic receptor inter-
action could be roughly est imated f rom the 
magnitude of the shift produced by chloroquine 
in two such experiments: (K\ = (concentration 

of chloroquinc)/(ECso ratio — 1), where Kx is 
the apparent dissociation constant and EC 5 0 is 
the O N B concentration producing 50% 
binding) and was found to be 2.0 x 10~5 M. 

The binding of chloroquine to muscarinic 
receptors was also revealed by its ability to 
influence the QNB-carbachol competit ion (Fig. 
lb) . Carbachol decreased the O N B binding in a 
concentrat ion-dependent way, with a half-
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m a x i m u m inh ib i to ry c o n c e n t r a t i o n (ICso) of 
6 .5 x 10~5 M in the p r e s e n c e of 750 p \ i O N B . 
T h e c o m p e t i t i o n cu rve w a s sh i f t ed t o t h e r ight 
in the p r e s e n c e of c h l o r o q u i n e . T h e Hill coe f f i -
c ient fo r c a r b a c h o l inh ib i t ion of O N B b i n d i n g 
w a s low (« , , = 0 .62) a n d w a s no t c h a n g e d in t h e 
p r e s e n c e of c h l o r o q u i n e . 

In the e x p e r i m e n t of Fig. 1c t h e r e c e p t o r s 
w e r e labe l led with a c o n s t a n t O N B c o n c e n t r a -
t ion in the p r e sence of va ry ing c o n c e n t r a t i o n s 
of c h l o r o q u i n e o r q u i n i n e . O u i n i n e , a n o t h e r 
qu ino l ine -con ta in ing an t ima la r i a l d r u g , w a s in-
c luded in this e x p e r i m e n t for c o m p a r i s o n wi th 
ch lo roq ine . Bo th c h l o r o q u i n e a n d q u i n i n e p r o -
duced a c o n c e n t r a t i o n - d e p e n d e n t d e c r e a s e in 
the a m o u n t of O N B b o u n d . H o w e v e r , w h e r e a s 
the inhibi t ion of O N B b ind ing by q u i n i n e 
occur red over 2 logar i thmic uni t s of c o n c e n t r a -
t ion , the dec rease of O N B b ind ing by c h l o r o -
qu ine occu r r ed o v e r m o r e t han 4 un i t s , with an 
IC5l, of abou t 1.4 x 1 0 - 5 M. T h e Hill coc f f i -
c icnts for the inhibi t ion of O N B b ind ing w e r e 
0.57 a n d 1.5 for c h l o r o q u i n c a n d q u i n i n e , 
respect ively . T h e p s e u d o K\ fo r c h l o r o q u i n e 
ca lcu la ted f r o m these resu l t s is 10~ s M, i .e . 
close to the va lue o b t a i n e d f r o m s a t u r a t i o n 
e x p e r i m e n t s . T h e s a m e e x p e r i m e n t a l p ro toco l 
was r e p e a t e d fo r c h l o r o q u i n e us ing t h r e e dif-
fe ren t O N B c o n c e n t r a t i o n s (Fig. I d ) . E v e n 
with high O N B c o n c e n t r a t i o n s c h l o r o q u i n e w a s 
able to comple te ly inhibit O N B b ind ing . In all 
cases the compe t i t i on cu rves w e r e sha l low, with 
Hill coef f ic ien ts of abou t 0 .65 . 

In o r d e r to test lor a func t iona l impl ica t ion of 
this b inding of c h l o r o q u i n e o n r e c e p t o r s , t he 
in f luence of c h l o r o q u i n e o n musca r in i c agonis t -
induced nega t ive c h r o n o t r o p i s m w a s s t u d i e d . 
F igure 2a s h o w s an e x p e r i m e n t in which the 
t ime course of c a r b a c h o l - i n d u c c d c h a n g e in 
R - R in te rva l , b e f o r e a n d a f t e r add i t i on of 
c h l o r o q u i n e w a s s tud ied . In the a b s e n c e of 
c h l o r o q u i n e , ca rbacho l (1 ()_<* M) p r o d u c e d an 
increase in the d u r a t i o n of the ca rd iac cycle ( i . e . 
a s lowing of hea r t r a t e ) . T h e nega t ive c h r o n o -
t rop ic e f fec t of c a r b a c h o l r e a c h e d a m a x i m u m 
b e f o r e decay ing to a s t e a d y v a l u e wi th in 10-15 
min . T h i s f ade of the nega t ive c h r o n o t r o p i c 
r e s p o n s e to c a r b a c h o l is p r o b a b l y d u e to a 
desens i t i za t ion p roces s [ 11.121 s ince it cou ld b e 
shown in o t h e r e x p e r i m e n t s tha t such a f a d e 
was a c c o m p a n i e d by a d e c r e a s e d r e spons ive -
ness to f u r t h e r c a r b a c h o l app l i ca t ion a f t e r sho r t 
( < 1 0 m i n ) w a s h o u t pe r iods . H o w e v e r , re-

c o v e r y f r o m this desens i t i za t ion process 
r e a c h e d s t e a d y - s t a t e wi th in 15 min of washou t , 
a n d most ( > 9 0 % ) of t h e respons iveness to 
c a r b a c h o l w a s 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 . t he hear t was 
p e r f u s e d wi th 10"'* 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 . 4 3 to 0 .77 sec at the 
c o n c e n t r a t i o n u s e d . 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 n o e f fec t on the cardiac-
cycle d u r a t i o n , s u g g e s t i n g tha t ch lo roquine 
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 reccptor-
m c d i a t c 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-
ca r in ic r e s p o n s e w a s m a x i m a l at a concen t ra -
t ion l o w e r t h a n t h e e s t i m a t e d K\ . i .e. at a 
c o n c e n t r a t i o n which p r o d u c e s b ind ing to less 
t han 5 0 % of m u s c a r i n i c r ecep to r s . A f t e r 
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 ch rono t rop i c 
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 the response 
w a s smal l c o m p a r e d to t h e e f fec t ob t a ined 
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 tha t s o m e r e s p o n s i v e n e s s to ca rbacho l 
w a s 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 t s t ha t 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 c was not due to a 
pe r s i s t en t d e s e n s i t i z a t i o n fo l lowing the control 
c a r b a c h o l a p p l i c a t i o n . W a s h i n g c h l o r o q u i n e for 
longer ( 3 0 - 6 0 m i n ) o r i nc reas ing ca rbachol 
c o n c e n t r a t i o n to 10"*—10"4 M d id not res tore 
the or ig ina l r e s p o n s i v e n e s s of t h e p repa ra t i on 
( d a t a no t 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 c a r b a c h o l was 
a p p l i e d in t h e p r e s e n c e of v a r i o u s ch lo roqu ine 
c o n c e n t r a t i o n s . I nh ib i t i on of the c h r o n o t r o p i c 
r e s p o n s e to c a r b a c h o l w a s o b t a i n e d with con-
c e n t r a t i o n a s low a s 10 '' M c h l o r o q u i n e . C o m -
p le t e d o s e - r e s p o n s e s t u d i e s w e r e h a m p e r e d by 
t h e lack of revers ib i l i ty ot c h l o r o q u i n e act ion 
a n d by t h e fact tha t e v e n in p r e p a r a t i o n s not 
e x p o s e d to c h l o r o q u i n e the respons iveness to 
c a r b a c h o l t e n d e d to d e c r e a s e with t ime, 
a l t h o u g h 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 c h l o r o q u i n e . How-
e v e r . in f o u r ou t of e ight p r e p a r a t i o n s . 10 " \t 
c h l o r o q u i n e w a s ab le to c o m p l e t e l y inhibit the 
c a r b a c h o l - i n d u c c d inc rease in R - R interval . 

Discussion 

T h e resul t s c o n f i r m that c h l o r o q u i n e interacts 
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with muscarinic receptors as previously shown 
in neuroblastoma-glioma cells | 7 | , and recently 
in undifferentiated chick preparations |8 | . The 
pseudo Ky of chloroquine for cardiac mus-
carinic receptors as roughly estimated from 
experiments described in the present study is 
1-2 x 10"5 M, i.e. close to the value (0.6 x 10_ s 

M) obtained earlier |8 | , and indicates that 
chloroquine interacts with muscarinic receptors 
with relatively low affinity. One feature of the 
chloroquine interaction with cardiac muscarinic 
receptors obtained in the present study, how-
ever, is different from the results obtained 
earlier. The inhibition by chloroquine of the 
binding to cardiac muscarinic receptors 
occurred at concentrations ranging over more 
than 3-4 log units (Fig. 1c and d). This was also 
reflected in the low slopes obtained in I iili plots 
(//ii = 0.57-0.60). Such a result is not consistent 
with a simple competitive antagonism by 
chloroquine for binding to a single population 
of homogeneous sites. The low Hill slope of 
chloroquine binding resembles the one ob-
tained with agonists, which show shallow 

competition curves as a result of their binding 
lo different agonist-affinity classes of mus-
carinic receptors [ 13,14|. Thus the results with 
chloroquine could also be explained by assum-
ing that this drug interacts with a heterogeneous 
population of sites. Alternatively, il is possible 
that chloroquine, besides acting as a competi-
tive antagonist, also binds to a secondary site on 
the muscarinic receptor, which exerts co-opera-
tivity with the binding to the primary site. A 
similar situation is obtained for the interaction 
of muscarinic receptors with gallaminc and 
pancuronium [ 15] or with verapamil (16). It is 
also to be noted that chloroquine has been 
shown to inhibit the response mediated by 
other receptors [4.6]. It is thus very unlikely 
that the interaction of chloroquine with mus-
carinic receptors is selective. 

The electrophysiological results show that 
carbacliol's effect on heart rate was decreased 
or suppressed in the presence of chloroquine. 
The 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 el feet of carbachol (10 " M). (a) l ime-course of 
the effect of carbachol on R - R interval in the absence (O) , in the presence ( • ) . and af ter washout ( A ) of 10 " M 
chloroquine. (b) Time-course of the elfect of carbachol on R - R interval obtained in the abscnce (O) . and in the 
presence of various concentra t ions of chloroquine | ( A ) 10 " M. ( • ) | o 7 M. ( • ) in '• M | jn ( ; | ) a m | (fc). the 
duration of exposure to carbachol is indicated by a horizontal line below the data points. 
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appl icat ion bccausc : (1) c a r b a c h o l was app l i ed 
at a t ime w h e n the recovery f r o m desens i t iza-
tion should have been c o m p l e t e ( i . e . a f t e r 15 
min of ca rbacho l washou t in the absence of 
ch lo roqu ine a n d a f u r t h e r 15 min w a s h o u t in its 
p re sence ) ; and (2) t h e r e was a par t ia l r ecovery 
of the respons iveness to ca rbacho l a f t e r ch lo ro -
qu ine washou t . T h u s , o u r d a t a indica te that 
ch lo roqu ine an tagon izes the nega t ive c h r o n o -
t ropic act ion of c a rbacho l . H o w e v e r , this an t a -
gonist ic ef fect was o b t a i n e d even at c h l o r o q u i n c 
concen t r a t ions which d o not p r o d u c e signif icant 
b inding to muscar in ic r ecep to r s . T h e discre-
pancy b e t w e e n the relat ively low aff ini ty of 
ch lo roqu inc for muscar in ic r e c e p t o r s a n d its 
high potency to inhibit the nega t ive ch rono -
t ropic ac t ion of ca rbacho l is t oo large to be 
accoun ted for by the d i f fe rence in the t e m p e r a -
tures used in the two sets of e x p e r i m e n t s a n d 
suggests that mechan i sms o t h e r than c o m p e t i -
t ion for b inding to the r ecep to r s a re involved . A 
possible mechan i sm for t h e an t agon i sm to the 
ch rono t rop ic act ion of ca rbacho l is a direct 
blocking effect of ch lo roqu ine on the r ccep to r -
to -e f fec tor coupl ing m e c h a n i s m s or on the 
e f fec to r sys tem itself. T h a t is, c h l o r o q u i n e 
might have an inhibi tory effect on the G T P -
binding prote in ( G k ) o r on the m e m b r a n e lipid 
metabol i sm which couple 117-20] the a g o n i s t -
r ecep to r in terac t ion to the act ivat ion of K + 

channe l s , or a direct b locking effect on these 
channels . It is to be no ted that a d i sc repancy 
iias also been obse rved be tween the e f f ec t s of 
quin id ine on isolated rabbi t atr ial musc le a n d 
those on ventr icular muscle and has b e e n 
tentat ively exp la ined by a b locking act ion of 
quinidine on muscarinic-sensi t ive K + c h a n n e l s 
(presen t in atrial but not in ven t r icu la r musc le ) 
[211. Recen t ly , it has b e e n shown tha t quini-
d ine , bes ides its wel l -known muscar in ic an t a -
gonist p rope r t i e s | 9 ,22 | , is a lso capab l e of 
directly b locking the muscar in ic -ac t iva ted 
channe l s of atrial t issues [231. W h e t h e r ch lo ro-
q u i n e . which is s t ructura l ly re la ted to q u i n i d i n e , 
has similar e f f ec t s on the muscar in ic -ac t iva ted 
channe l n e e d s to be inves t iga ted . 
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