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SHORT COMMUNICATIONS
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SUMMARY

Isolated dog hearts us-eve perfused in situ us-ith ouabain ; control hearts us-crc perfused for

similar lenngtins of time without tine additions of ouabmiini. After tine onset of si signiificanit posi-
tive inotropic effect, tine inearts were removed, and (Na+ + K+)�ATPsise an-id cardiac relax-
ing system uvere isolated. Tine (Na+ + I�)-ATPase activity us-as signsificanstly decreased ins

the ouabainn-treated inearts. Tine binding in vitro of 3H-ouabain to tine (Nsi� + I�+)�TI)asc�
of tine treated inearts us-as significantly loss-er than binidinng to control cinzynne. A $nnall extent
of binding of H-ouabain to the cardiac relaxing systenn us-as observed annd mmiv be attributed
to the presence of (Na+ + K+)..ATI)ase.

We iuave I)revi�usl� densonustnated a direct

relationship betus-cens 3H-oumibains binding in

vitro arid ininibitionn of cmindiac (Na� + K�)-
ATPasc (1, 2). These results suggest tinat tine

(Na+ + I�)-ATPasc may be tine pharmaco-
logical receptor for cardiac glycosidcs, a cons-
cept first proposed by Repke (3). Ins order to
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correlate (Na+ + I�)-ATPmise activity m#{248}re
directly usith the positive inotropic effect,
ouabain us-as infut�ed inuto dog hesirts, anncl

svhen partial or peak positive nuotropic
effects had beers produced (by vsiryinsg tine
concentration of drug sin-id durations of iisfu-
sion), the isearts svere removed stud three

separmite membrane fractionns uvere isolate(I:

cmnrdiac relmsxinsg systenn , nnitocinonidrimi , at id

( Xmi+ .4... I�i+)_ATPntse (4). Ins sinninnsils iii

svhicin nt positive inuotropic effect Innid OC-

carved, tiue (Nat + J(+)ATi)mise svsss tine

only one of tine eiuzynnmitic systenns COli-

sistenutly affected (4).

These studies in situ suggest tinat ousibani

attaches to its locus of muctions oil tine eiszvnne

I i.e., (Nsu+ f. I,+);�’fl)nisi�] an(l rennmiilns

bound throughout tine isr)isition pn )ce(lure.



BINDING
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FIG. 1. ‘H-Ouabain binding to cardiac (Na’ +

K�)-A TPase isolatedfrom control and ouabain-per-
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BINDING
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fused dog hearts

The control animals were perfused with Krebs-

Henseleit solution, and the experimental animals
were perfused with the same solution plus 10� M
ouabain. The hearts were removed for isolation
and assay of (Na� + K�)-ATPase. The various

enzyme preparations were then labeled with ‘H-
ouabain in the presence of 1.25 man Tris-ATP and

1.25 man MgCl2, with or without 50 mrs Na� (7, 8).

The values in this figure represent the Na+�stimu�
hated binding of 3H-ouabain. The control values
were set at 100% in each case . The values are
followed by their standard errors of the mean.

In addition, evidence has previously beers

presented that the ouabain-(Na� + K�)-

ATPase complex resulting from interaction

in vitro betuveen the drug and the enzynie

system isolated from glycoside-sensitive
species is stable (2, 5). If ouabain adminis-
tered in vivo binds firmly to receptor sites
and produces inhibition of enzyme activity,

feuser sites should in theory be available for
further reaction withs ouabain administered
in vitro. To test this hypothesis, the binnding

of 3H-ouabain to (Nat + K�)-ATPase ob-

tamed from hearts perfused in situ uvith
unlabeled ouabain uvas compared with the

binding of 3H-ouabain observed in isearts
subjected to perfusion without the glycoside.

The procedures for the isolation and assay
for determination of 3H-ouabain binding to

tine (Na� + K�)ATPase preparation have

all been described in detail (1 , 6-5).

NdK�-ATPos. ACTIVITY

FIG. 2. Relation between H-ouabain binding and

(Na� + K�)A TPase activity of cardiac relaxing

system isolated from control and ouabain-perfused

dog hearts

Cardiac relaxing systens was isolated as de-
scribed previously (4) . The preparations were
assayed for (Nat + K�)-ATPase activity and then
labeled with ‘H-ouabain under conditions maxi-
ma! for binding (1, 7, 8). The control values were
set at 100% in each case. The values are followed

by their standard errors of the mean.

The activity of the (Nat + K�)-ATPase
isolated from dog hearts perfused us-ith
ouabain uvas 40 % of the control value, as
has beers reported previously (4). Moreover,
3H-ouabain binding in. vitro to this (Nat +

K�)-ATPase preparation was only 29 % of
the control value (Fig. 1). These observa-
tions indicate that some of the ouabain ad-
ministered in vivo is firmly bound and,
thnerefore, fewer sites are available for further

interaction withi ouabain in vitro. The prob-
1cm of possible artifactual distortion of these

results has been discussed inn detail (4). In
essence, us-c have shown that glycoside bind-
ing and its effects most probably did not
occur during tine homogenization and isola-

tion procedures (4).
Published data suggest that the cardiac

relaxinng system (‘ ‘sarcoplasmic reticulum”)

may also be directly affected by cardiac

glycosides. For exaniple, glycosidcs have

been sisown to alter Ca�� uptake (9-11).
Furthermore, 3H-ghycoside administered by

perfusion in situ appears to accumulate in
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tine “microsomal” fraction, arsd some binsding

in vitro of labeled glycoside to this fraction,
us-hichn has been presumed to represent the
relaxing system, has been found (12, 13).
The dog cardiac relaxing system that uve

have isolated exhibited a Mg��-stimulated
ATPase activity of approximately GO �nmoles
of P, per milligram of protein per inour. The
fraction contained a small amount of

ouabain-sensitive (Na+ + K+) -ATPase,
which constituted about 10 % of the total
activity. The canine cardiac relaxing system
bound 3H-ouabain in vitro to an extent that
corresponded quantitatively (8) to the level
of (Na+ + K+)-ATPase activity present
( 1�ig. 2). Wisen ouabain us-as infused into tine

dog heart, this amount of (Nat + J#{231}+)
ATPase activity was decreased (Fig. 2),

just as was the subsequent binding of �H-
ouabain in vitro. Furthermore, the absolute

amount of (Nat + Ic+)ATPase activity of
the “sarcoplasmic reticulum” was more than
one-third that of the “purified” (Nat +
K+)�ATPase fraction, arid only about one-
fourth as mucis 3H-ouabainn was bound as in

tine (Nat + K�)-ATPase fractiorn. This is
further indications of a correlations betsvecn
binding and enzyme activity. Moreover,
relaxing system preparations obtained from
rabbit and beef iscart, ushicis possess no
measurable (Nat + K�)-ATPase activity,

also did not bind H-ouabain or 3H-digoxin
in vitro (1 , 4) . The present data represent

further evidence suggesting tinat the (Na� +
K+)�ATPase is tine pharniacological receptor

for the cardiac glycosides. The bindinug of

‘H-ouabains to other subcclhular frmict ions,

such as relaxing system, can be attributed to

tine presence of small quanntities of (Nsu� +

I’±)-ATPase tiuat sediment usitin the par-

ticulate preparation.
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