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Summary

The association and dissociation rate constants for the interaction of [*H]-
ouabain with partially purified rat brain (Na',K')-ATPase (ATP phosphohy-
drolase, EC 3.6.1.3) in vitro were estimated from the time course of the [*H]-
ouabain binding observed in the presence of Na", Mg®* and ATP by a polynomial
approximation-curve-fitting technique. The reduction of the association rate
constant by K* was greater than its reduction of the dissociation rate constant.
Thus, the affinity of (Na',K*)-ATPase for ouabain was reduced by K. The
binding-site concentration was unaffected by K'. Consistent with these find-
ings, the addition of KCI to an incubation mixture at the time when [*H]-
ouabain binding to (Na',K*)-ATPase is close to equilibrium, caused an imme-
diate decrease in bound ouabain concentration, apparently shifting towards a
new, lower equilibrium concentration. Dissociation rate constants which were
estimated following the termination of the ouabain-binding reaction were dif-
ferent from those estimated with above methods and may not be useful in pre-
dicting the ligand effects on equilibrium of the ouabain-enzyme interaction.

Introduction

The interaction between cardiac glycosides, such as ouabain, and (Na",K")-
ATPase (ATP phosphohydrolase, EC 3.6.1.3) has drawn much attention
because such an interaction appears to be involved in the mechanism of the
pharmacologic action of this class of compounds (see refs. 1 and 2). Additional-
ly, the glucoside-(Na',K*)-ATPase interaction in vitro has been shown to be use-
ful as a model of the interaction of glycosides with the inotropic receptor occur-
ring in the beating heart, because these two phenomena share many common char-
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acteristics (ref. 3, also see ref. 2). Thus, it is important to know kinetic para-
meters which determine the equilibrium state of the drug-enzyme interaction in
vitro, since such parameters may be useful in predicting the magnitude of drug-
receptor interaction in vivo.

Several investigators considered that the binding of ouabain to (Na',K*)-
ATPase is a reversible process which follows the law of mass action as follows:

E+OugE Ou (1)

where E is enzyme, Ou is ouabain and E - Ou is the ouabain-enzyme complex.
Kinetic constants based on this assumption have been determined (ref. 4—S8,
also see ref. 1). Dissociation rate constant has been determined directly, by ter-
minating the [*H]ouabain binding reaction either by adding excess nonradioac-
tive ouabain or by removing unbound [*H Jouabain by centrifugation and resus-
pension of the [*H]ouabain-enzyme complex and subsequently monitoring
release of bound [*H]ouabain from the complex (for example, refs. 1, 9 and
10).

The concentration of bound ouabain at equilibrium is influenced by the rate
constant for association and that for dissociation since the rate of binding
equals the rate of release under such a condition. The present study was initi-
ated to investigate whether the dissociation rate constant which affects the
magnitude of the ouabain-(Na',K')-ATPase interaction is the same as the disso-
ciation rate constant which may be observed following the termination of the
binding reaction. The results indicate that these two dissociation rate constants
are substantially different, suggesting that the ouabain-enzyme interaction is
more complex than the above scheme.

Materials and Methods

(Na' K" )-ATPase preparations

Partially purified (Na',K")-ATPase preparations were obtained from brains
of male Sprague-Dawley rats weighing 200—300 g as described previously [11].
In short, brain microsomal fractions were treated with deoxycholic acid and
Nal and suspended in a solution containing 0.25 M sucrose, 1 mM EDTA and 5
mM histidine - HCI (pH 7.0). Enzyme preparations were stored at —20°C until
use. These enzyme preparations have specific (Na',K")-ATPase activity of
approximately 200 pmol of ATP hydrolyzed per mg protein per h, assayed in
the presence of 100 mM NaCl, 15 mM KCl, 5 mM MgCl,, 5 mM Tris - ATP and
50 mM Tris - HCI buffer (pH 7.5) at 37°C for 10 min. Mg?**-ATPase activity,
assayed in the absence of added NaCl and KCl, was less than 5% of the total
ATPase activity.

[*H]ouabain binding

Enzyme preparations (final concentration, 20 ug protein/ml) were incubated
with various concentrations of [*H]ouabain (specific activity, 13 Ci/mmol) at
37 + 0.1°C in the presence of 100 mM NaCl, 5 mM MgCl,, 5 mM Tris - ATP
and 50 mM Tris - HCI buffer .(pH 7.5) with or without 5 mM KCl. After a
5-min preincubation without enzyme preparation, the binding reaction was
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started by the addition of enzyme to the incubation mixture. At a predeter-
mined time, a 1.0-ml aliquot was removed from the reaction vessel and quickly
filtered through a Millipore filter (type AA, pore size 0.45 um) as described
previously [12]. The filter was rinsed twice with 5.0 ml each of the incubation
medium which does not contain [*H]ouabain, and dissolved in ethylene glycol
monomethyl ether. The radioactivity was estimated by liquid scintillation spec-
trometry. Counting efficiency (approximately 30%) was monitored with exter-
nal standard channel ratio method. Non-specific binding of [*H]ouabain,
observed in the absence of ATP and approximately 2% of the total binding, was
subtracted from the binding observed in the presence of ATP to calculate the
ATP-dependent [*H]ouabain binding. It has been shown previously that such
an ATP-dependent binding is the stoichiometric binding of ouabain to (Na’,
K*)-ATPase which results in enzyme inhibition [13,14].

Effects of KCl on the concentration of bound ouabain

Enzyme preparations (final concentration, 20 ug protein/ml) were incubated
with 10 nM [’H]ouabain at 37°C in the presence of 100 mM NaCl, 5 mM
MgCl,, 5 mM Tris - ATP and 50 mM Tris - HCI buffer (pH 7.5). The binding
reaction was started by the addition of an enzyme preparation to a prewarmed
incubation mixture. At 30 min, an equal volume of a pre-warmed mixture con-
taining 10 nM [°H]ouabain, 100 mM NaCl, 5 mM MgCl,, 5 mM Tris - ATP and
50 mM Tris - HCI buffer (pH 7.5) with either no KCIl or 10—30 mM KCI was
added to the reaction mixture. Aliquots were taken at indicated time intervals
and the amount of bound [*H]ouabain was assayed as described above.

The release of [*H]ouabain from (Na',K*)-ATPase

The complex of [*H]ouabain with (Na',K")-ATPase was prepared by incu-
bating the enzyme preparation (final concentration, 20 ug protein/ml) with 10
nM [*H]ouabain in a total volume of 12 ml under the ligand conditions
described as the binding reaction. After a 10-min incubation at 37°C, the bind-
ing reaction was terminated by the addition of non-radioactive ouabain (final
concentration, 0.1 mM) with a simultaneous 2-fold dilution of radioactive
ouabain and enzyme. Subsequent dissociation of the [*H]ouabain-enzyme com-
plex was monitored at 37°C under the same ligand conditions as those in the
binding reaction. Aliquots were taken at appropriate time intervals and the
amount of [?*H]ouabain remaining bound at the time was estimated as
described above. Non-specific binding of [’H]ouabain observed in the absence
of ATP was subtracted from the binding observed in the presence of ATP to
calculate the ATP-dependent [*H]ouabain binding.

Calculations

Binding velocity was calculated by two separate methods. First, the velocity
was calculated from the difference in the amount of bound [*H]ouabain
observed at two adjacent time points. The velocity calculated from such values
is considered as the binding velocity at the time which is the mean of two given
time points. The second method of binding velocity estimation utilized a poly-
nomial approximation-curve-fitting technique [15] and computation was per-
formed using a CDC 6500 computer. Using this latter technique, the slopes of a
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curve at various times and also the best fitting kinetic parameters were esti-
mated.

The first-order dissociation rate constants following the termination of [*H]-
ouabain binding were calculated from the slope of linear regression lines fitted
to semilogarithmic plots of the amount of bound ouabain vs. time.

Miscellaneous

Protein concentration was determined by the method of Lowry et al. using
bovine serum albumin standard [16]. Statistical analyses were performed using
Student’s t-test. The criterion for statistical significance was a P value of less
than 0.05.

Tris - ATP was purchased from Sigma Chemical Company, St. Louis, Mo.
[*H]Ouabain was purchased from New England Nuclear, Boston, Mass. Other
chemicals were of reagent grade.

Results and calculations

[PH]ouabain studies

ATP-dependent [*H]ouabain binding to partially purified Na',K'-ATPase
preparations was a relatively slow process in the absence of KCl (Fig. 1A). The
addition of 5 mM KCl! further delayed the binding reaction (Fig. 1B). Under
the latter condition, it was impossible to reach the steady state of ouabain-
binding since approximately 30% of the added ATP would be consumed during
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Fig, 1. Time course of [3H]ouabain binding to (Na*,K*)-ATPase in the absence and presence of KCI1. Par-
tially purified rat brain (Na',K*)-ATPase (final concentration, 20 ug protein/ml) was incubated with vari-
ous concentrations of {3H]ouabain at 37°C in the presence of 100 mM NaCl, 5 mM MgCl,, 5 mM Tris *
ATP and 50 mM Tris - HC1 buffer (pH 7.5), with or without 5 mM KCI. Binding observed in the absence
of ATP was subtracted from the binding observed in the presence of ATP to calculate the ATP-dependent
ouabain binding. Each point represents the mean value of four enzyme preparations. Vertical line indi-
cates the standard error of the mean 6f five experiments. Where standard errors are not shown, they are
less than 2% of the observed value.
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Fig. 2, Semilogarithmic plot of ouabain binding velocity vs. time. Quabain binding velocity at each time
point was calculated from data shown in Fig. 1.

15 min of incubation at 37°C. Additionally, a 15-min incubation of enzyme
preparation at 37°C caused a slight reduction in (Na",K")-ATPase activity ruling
out the possibility of a longer incubation time (data not shown).

The reaction velocity was calculated from the slopes of curves shown in Fig.
1. When the binding velocities are plotted against time in semilogarithmic plots
(Fig. 2), straight lines are obtained. This finding is consistent with the assump-
tion that the binding reaction follows pseudo-first-order kinetics such as
described by Eq. 1. Although experiments were performed with [*H]ouabain
concentrations of 0.01, 0.015, 0.025, 0.04, 0.06 and 0.1 uM in the absence of
KClI and 0.1, 0.15, 0.25 and 1.0 uM in the presence of 5 mM KCl, only repre-
sentative lines are shown in Fig. 2. Data representing other concentrations of
ouabain also formed straight lines similar to those shown in Fig. 2.

From extrapolation of regression lines in Fig. 2 to the ordinate (0-min val-
ues), the initial velocities were estimated and are plotted against [*H]ouabain
concentrations in Fig. 3. A linear regression line passing through the point of
origin may be fitted to the plot, indicating that the binding reaction is indeed a
pseudo-first-order reaction with respect to ouabain concentrations. The slopes
of regression lines, 0.027/min and 0.0084/min in the absence and presence of
5 mM KCl, respectively, correspond to the k, - [E] value. It should be noted
that k, is an “apparent’ association rate constant. Therefore, the potassium-in-
duced change in k, - [E] value does not necessarily indicate a change in the true
association rate constant. Alternatively, it may indicate a change in the concen-
tration of the binding form of the enzyme as suggested by Barnett [17]. The
true association rate constant should be expressed in (M - min)™! when the con-
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Fig. 3. Relationship between initial binding velocity and ouabain concentrations. Initial velocity of [3H]-
ouabain binding in the absence and presence of 5 mM KCl was estimated from the extrapolation of regres-
sion lines in Fig. 2 to zero time.

centration of the binding form of the enzyme is expressed in molar concentra-
tions. However, an apparent association rate constant may be expressed in the
same unit, (M - min)™!, when the concentration of binding sites on the enzyme
is expressed in molar concentrations. These findings indicate that 5 mM KCl
causes an approximately 70% reduction in ouabain-binding velocity. Addition-
ally, they indicate that there is no cooperative effect for the binding of ouabain
to (Na",K")-ATPase. Under such conditions, it is reasonable to assume that the
release of ouabain from the enzyme follows first-order kinetics. Therefore, it
appears possible to perform kinetic analysis of the interaction between ouabain
and the enzyme based on a reaction scheme such as described by Eq. 1, where
k, is the apparent association rate constant and %_, is the “overall” dissociation
rate constant (k_, may be a sum of several dissociation rate constants which
represent various pathways).

Based on the above assumption, changes in concentrations of bound ouabain
with respect to time may be expressed as follows:

d[E - Ou]
ar

This equation was fitted to experimental data shown in Fig. 1 with a poly-
nomial approximation-curve-fitting technique using a general non-linear curve-
fitting and equation-solving program [15] on a CDC 6500 computer yielding a
set of best estimates for k,, k_, and the binding site concenteation (Table I).
Potassium failed to alter the binding site concentration. However, it reduced
both the apparent association rate constant and the overall dissociation rate

= ky([E] — [E - Ou] )([Ou] -~ [E - Ou]) — k&, [E - Ou] (2)
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TABLE I

KINETIC CONSTANTS ESTIMATED USING A POLYNOMIAL APPROXIMATION-CURVE-FITTING
TECHNIQUE FROM DATA SHOWN IN FIG. 1

Values are the mean + S.E. of five experiments.

Ligands Apparent k]l k. Kq * Binding site
(nM -« min)~ (min 1) (M) concentration **
(nM)
Na*, Mg2*, ATP 0.00486 * 0.00001 0.254 * 0.002 52.3 6.00 + 0.12

K', Na*, Mg?*, ATP 0.00132 £ 0.00001 0.186 * 0.003 141 5.88 + 0.10

* Apparent dissociation constant: Kgq = k_q /k.
** Protein concentration = 0.02 mg/ml. Thus, ouabain-binding sites on enzyme are 300 + 6 and 294 +
5 pmol/mg protein in the absence and presence of KCI, respectively.

constant. The KCl-induced change in the apparent %k, value (approximately
73%) was greater than that in the overall k-, value (approximately 27%). Thus,
5 mM KCl caused a 2.7-fold increase in the apparent dissociation constant, indi-
cating that KCl decreases the affinity of (Na',K")-ATPase for ouabain. These
findings predict that KCl reduces the equilibrium concentration of bound
ouabain.

Effects of potassium on the concentration of ouabain-(Na',K*)-ATPase com-
plex in vitro

It has been claimed previously that potassium delays the binding of ouabain
to (Na',K*)-ATPase but does not affect the ultimate (equilibrium) concentra-
tion of bound ouabain formed after a long incubation time [6,17,18]. Present
data, however, indicate that the potassium-induced reduction in the association
rate constant is of greater magnitude than that in the dissociation rate constant
and therefore the concentration of the bound ouabain in the presence of KCl
cannot reach the equilibrium concentration of the bound ouabain observed in
the absence of KCl, even after a long incubation time. Thus, the effects of KCl
on the concentrations of the ouabain-(Na",K*)-ATPase complex were studied in
vitro using partially purified rat brain enzyme preparations.

The binding of ouabain to (Na',K")-ATPase in the presence of Na*, Mg?* and
ATP is a relatively slow process. The addition of KCI to the binding mixture
further delays reaction (Fig. 1; also ref. 9). Whether the concentration of
bound ouabain in the presence of KCI ultimately reaches the equilibrium con-
centration of bound ouabain observed in the absence of KCIl is difficult to
determine because of the differences in the rate of hydrolysis of ATP in the
presence and absence of KCL. In the presence of NaCl and KCl, the hydrolysis
of ATP and subsequent production of ADP and P; is markedly greater than
those in the absence of KCl. Thus, the effect of KCI on the concentration of
the ouabain-(Na*,K")-ATPase complex was studied by adding KCl to the incu-
bation mixture after the drug-enzyme interaction has reached near equilibrium
state.

Partially purified enzyme preparations were incubated with 10 nM [*H]-
ouabain in the presence of NaCl, MgCl,, Tris - ATP and Tris - HCI] buffer (pH
7.5) at 37°C for 30 min (Fig. 4). At this time, a solution containing [3H]-
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Fig. 4. Effect of potassium on bound [3H]ouabain concentrations. Partially purified rat brain enzyme
preparation (20 ug protein/ml) was incubated with 10 nM [3H]ouabain in the presence of 100 mM NaCl,
5 mM MgCly, 5 mM Tris + ATP and 50 mM Tris - HC1 buffer (pH 7.5) at 37°C. At the time indicated by
the arrow, an equal volume of a solution containing 10 nM {3H]ouabain, 100 mM NaCl, 5 mM MgCly, 5
mM Tris - ATP and 50 mM Tris - HC1 buffer (pH 7.5), either with or without 10 or 30 mM KC), was add-
ed to the incubation mixture. Each point represent the mean value of four enzyme preparations. Vertical
line indicates the standard errox of the mean.

ouabain, NaCl, MgCl,, Tris - ATP and Tris - HCI buffer (pH 7.5), but without
enzyme preparation, was added in control experiments to the incubation mix-
ture causing a 2-fold dilution of the enzyme protein (expressed as mg/ml). This
procedure would not alter the equilibrium concentration of bound ouabain
(expressed as pmol/mg protein) since it reduces the concentrations (expressed
in nM) of the enzyme and the ouabain-enzyme complex to the same extent.
Under these conditions, the concentration of the ouabain-enzyme complex
continuously increased with time after the addition (Fig. 4). It should be noted
that 10 nM [*H]ouabain causes approximately 20% occupation of the binding
sites at 30 min (total binding sites, approximately 300 pmol/mg protein; see
Table I) and thus the equilibrium concentration of the ouabain-enzyme com-
plex is sensitive to alterations in association or dissociation rate constants. The
addition of a similar solution containing KCI, at 30 min, caused an immediate
decrease in the concentration of ouabain-enzyme complex (Fig. 4). These data
indicate that the equilibrium concentration of the ouabain-(Na',K*)-ATPase
complex in the presence of KCl is significantly lower than that in the absence
of KCl, and thus confirm the results of above kinetic calculations.

Dissociation rate constants following the termination of the binding reaction

In this series of experiments, [*H]ouabain-binding reaction was terminated
by the addition of excess non-radioactive ouabain, and subsequent release of
[*H]ouabain from its binding site on (Na',K")-ATPase was monitored. Non-
radioactive ouabain and dissolved in a mixture which has the same composition
as the binding mixture but lacking [*H]ouabain and enzyme preparation so
that the dissociation reaction can be observed under the same ligand condition as
the binding reaction. Semilogarithmic plots of bound ouabain vs. time yielded
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Fig. 5. Time course of the release of [3H]ouabain from (Na*,K*)-ATPase and the effect of KCl. The [3H]-
ouabain-(Na*,K*)-ATPase complex was prepared by incubating the partially purified rat brain enzyme
preparations with 10 nM [3H]ouabain in the presence of 100 mM NaCl, 5 mM MgCl,, 5 mM Tris - ATP
and 50 mM Tris + HCI buffer (pH 7.5) at 37°C for 10 min in the absence and presence of 5 mM KCL Sub-
sequently, nonradiolabelled ouabain (final concentration, 0.1 mM) was added to terminate the [3H]-
ouabain binding and subsequent release of labelled ouabain from (Na',K')-ATPase was monitored under
the same ligand condition as the binding reaction. Values of {3 H]ouabain-binding observed in the absence
of ATP (approximately 2% at time zero) were subtracted. Filled circles represent mean values of four
enzyme preparations. Vertical line indicates the standard error of the mean, For open circles and broken
lines, see text.

an upward concave curve either in the absence or presence of 5 mM KCI (Fig.
B, solid lines). This finding is in contrast to previous reports by several investi-
gators [5,7], and suggests that there may be more than two different com-
plexes formed under the conditions of present binding studies. A log-linear rela-
tion against time was observed after 60 min of incubation in the absence of KC1
(Fig. 5A). A regression line fitted to this part of the curve was extrapolated to
zero time, and the difference between observed values and those on the extra-
polated regression line was replotted yielding a second straight line (Fig. 5A,
open circles). This finding indicates that observed dissociation curve of the
ouabain-enzyme complex can be accounted for by two independent exponen-
tial components each having different rate constant for dissociation. Similar
results were observed for the dissociation reaction of the ouabain-enzyme com-

TABLE II

DISSOCIATION RATE CONSTANTS OBSERVED FOLLOWING THE TERMINATION OF THE {3H]-
OUABAIN-BINDING REACTION

The rate constant and relative abundance of each component were calculated from the slope and intercept
of each regression line shown in Fig. 5.

Ligands Phase k. Relative abundance of component
(min!) (%)
Na*, Mg?*, ATP 1 0.126 36
2 0.0123 64
K', Na*, Mg?*, ATP 1 0.101 87
2 0.0084 13
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plex formed and dissociating in the presence of 5 mM KCIl (Fig. 5B). Dissocia-
tion rate constant and relative abundance of each component were calculated
from slopes and ordinate intercepts of regression lines (Table II). It appears
from Fig. 5 that the dissociation rate is faster in the presence of KClI than in its
absence. However, calculated dissociation rate constants are smaller in the pre-
sence of KCl than in its absence (Table 1I). Seemingly faster dissociation in the
presence of KCl is due to the relative abundance of the relatively unstable com-
ponent formed under this condition. Additionally, it should be noted that dis-
sociation rate constants calculated from observation of the release of bound
[*H]ouabain following the termination of the binding reaction (Table II) are
lower than those shown in Table I.

Discussion

The time course of the drug binding in vitro is affected by the association
and dissociation rate constants whereas the initial velocity of the binding reac-
tion is primarily determined by the association rate constant. Thus, it should be
possible to analyze the time course and initial velocity of drug binding in vitro
and to calculate the association and dissociation rate constant even though the
equilibration state of the binding is not reached during the observation period.
Present studies indicate that it is possible to analyze the time course of the drug
binding by a polynomial approximation-curve-fitting technique [15], and to
calculate the kinetic constants under such conditions. The present results con-
firm previous reports [5,6,19] that the binding reaction between ouabain and
(Na' ,K*)-ATPase follows a pseudo-first-order reaction with respect to ouabain
concentrations.

The dissociation rate constant which affects the equilibrium concentration
of bound ouabain is that constant which is calculated from the time course of
the ouabain binding reaction. Since the magnitude of the potassium-induced
changes in association rate constants was greater than that of the potassium-in-
duced changes in dissociation rate constant, it may be predicted that KCl will
reduce the equilibrium concentration of bound ouabain. Such results were
observed when KCl was added to the incubation mixture containing (Na",K")-
ATPase preparation, [*H]ouabain, NaCl, MgCl, and Tris - ATP. These results
indicate that the above calculations are correct and that the ultimate magnitude
of the ouabain-enzyme interaction in the presence of KCl does not reach that
in the absence of KCl, in contrast to previous reports {6,17,18]. The cause of
the apparent discrepancy is not known. However, differences in results may be
due to differences in the sources of enzyme preparations or differences in
experimental design. For example, when the ouabain-binding reaction is initi-
ated in the incubation mixture containing NaCl, MgCl, and ATP, the concentra-
tions of ATP, ADP and Pi in the presence and absence of KCl are markedly dif-
ferent at the time of equilibrium for the ouabain-enzyme interaction, whereas
those concentrations are relatively similar under the present experimental con-
ditions. Alternatively, the concentration of bound ouabain is insensitive to
changes in association and dissociation rate constants when the ouabain binding
is close to the saturation of binding sites in the presence of high concentrations
of ouabain such as those employed in some of the previous studies. Under such
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circumstances, the concentration of bound ouabain is primarily determined by
the concentration of the enzyme and is insensitive to alterations in kinetic con-
stants,

The dissociation rate constant which affects the magnitude of the ouabain-
(Na',K")-ATPase interaction should be determined from the time course of the
binding reaction rather than from that of the dissociation reaction observed
after the termination of ouabain binding. The present paper is the first report
of such a value and it demonstrates that the dissociation rate constants deter-
mined by these two methods are substantially different. While the latter meth-
od yields more information such as the presence of two separate components
of the ouabain-(Na",K*)-ATPase complexes which have different rate constants
for dissociation, the dissociation rate constants determined from the time
course of the binding reaction are more important in the prediction of ligand
effects on the magnitudes of drug-enzyme interaction in vitro.

The apparent dissociation rate constants were different during the binding
reaction and after termination of the binding reaction. This observation indi-
cates that the interaction between ouabain and (Na',K")-ATPase does not pro-
ceed as a reaction scheme shown in Eq. 1. One of the possible explanations is
that there are several separate sequential and parallel pathways for the dissocia-
tion of the ouabain-enzyme complex under the experimental condition of Fig.
1. Thus, the k-; value in Eq.1 and Table I is the “overall” dissociation rate
constant which is possibly a sum of several independent dissociation rate con-
stants, each value representing a separate pathway. After the termination of the
binding reaction, some of the intermediate complexes may disappear rapidly
and the “overall” dissociation rate constant observed under such a condition is
now a sum of those for the remaining pathways. Other explanations may also
be possible. The present study indicates that the dissociation rate constant esti-
mated from the time course of the binding reaction has a predictive value for
the magnitude of the drug-enzyme interaction in vitro. The binding of cardiac
glycosides to myocardial (Na',K')-ATPase, and the dissociation of the glyco-
sides, have been shown to be intimately related to the magnitude of the ino-
tropic action of these agents (ref. 20, also see ref. 2). Whether the dissociation
rate constant estimated from the time course of the binding reaction has a pre-
dictive value for the magnitude of drug effects in vivo is to be determined.

In summary, association and dissociation rate constants may be calculated
from the time course of the ouabain binding reaction. The dissociation rate
constants calculated from data obtained after the termination of the binding
reaction are different from those obtained by the former method and may not
be relevant to the prediction of the ligand effects on the equilibrium concen-
tration of the ouabain-(Na‘',K")-ATPase complex.
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