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Abstract

Zonal elution and high-performance affinity chromatography were used to examine interactions of the drugs digitoxin and
acetyldigitoxin with the protein human serum albumin (HSA). This was done by injecting small amounts of digitoxin and
acetyldigitoxin onto an immobilized HSA column in the presence of mobile phases that contained various concentrations of
digitoxin, acetyldigitoxin or other solutes as competing agents. A fixed concentration of B-cyclodextrin was also present in
the mobile phase as a solubilising agent. It was found that digitoxin and acetyldigitoxin each had strong interactions at a
single common binding site on HSA, but with dlightly different equilibrium constants for this region. Neither compound
showed any competition with warfarin or L-tryptophan, which were used as probes for binding at the warfarin-azapropazone
and indole-benzodiazepine sites of HSA. These results confirmed the presence of a separate binding region on HSA for
digitoxin-related compounds. [ 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

Digitoxin is a common cardiovascular drug used
for the treatment of individuals with congestive heart
failure or atria fibrillation [1]. As shown in Fig. 1,
the structure of digitoxin consists of a steroid
backbone with a lactone ring at the C-17 position
and a linear chain of three digitoxose sugar residues
attached at the C-3 carbon [2]. A closely related
molecule is acetyldigitoxin (or digitoxin monoace-
tate), in which an acetyl group replaces one of the
hydroxyl groups on the digitoxose residues.
Acetyldigitoxin is also used in pharmaceutical prepa-
rations as a cardiovascular drug [3].

*Corresponding author. Tel.: +1-402-472-2744; fax: +1-402-472-
9402.

Like many other drugs, both digitoxin and
acetyldigitoxin are known to interact with carrier
proteins in blood [4—6]. Such binding can play an
important role in controlling the distribution, metab-
olism and excretion of drugs within the body [7].
One important carrier protein is human serum a-
bumin (HSA). HSA is the most abundant protein in
human blood plasma and is known to bind to a wide
range of exogenous and endogenous compounds,
including bilirubin, fatty acids, warfarin, tryptophan
and benzodiazepines, among others [8].

Some previous studies have reported that both
digitoxin and acetyldigitoxin bind to HSA [4,6,9].
This was noted in solution-phase radiolabel studies,
in which acetyldigitoxin was found to displace
digitoxin from HSA. In the same work, it was found
that digitoxin was not displaced from HSA by other
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Fig. 1. The structures of (8) digitoxin and (b) acetyldigitoxin. The
structure for acetyldigitoxin that is given, is for the a-form of this
compound; the B-form has essentialy the same structure but with

the acetyl group (Ac) being located at the 4” position instead of the
3’ position [33].

compounds that are known to interact with the major
binding regions of HSA (i.e, the warfarin-azap-
ropazone and indole-benzodiazepine hinding sites)
[6]. It was concluded from these results that a
separate binding region exists on HSA, known as the
digitoxin site, which is responsible for the interac-
tions of digitoxin and related compounds with this
protein [6]. However, the existence of this binding
region still remains an area of controversy and little
guantitative data is available on the overall strength
of hinding between digitoxin and acetyldigitoxin
with HSA [4,6,9].

The general goal of this study is to perform a
detailed examination of the binding between digitox-
in and acetyldigitoxin with HSA by using high-
performance affinity chromatography (HPAC) and
zona elution competitive binding experiments. In
this approach, HSA will be immobilized onto a
HPLC-based silica support and packed into a col-
umn. The immobilized HSA will then be used as a

stationary phase to examine the binding of drugs or
other solutes that are applied to the chromatographic
system. In previous work, it has been repeatedly
shown that there is good correlation between the
behaviour observed with these immobilized HSA
supports and that seen for solution-phase HSA [10—
19]. However, the chromatographic approach has the
advantages of being faster, easier to use and more
precise than traditional solution-phase methods for
the measurement of drug-protein interactions [19].

The immobilized HSA columns in this work will
be used to examine the retention of digitoxin and
acetyldigitoxin in the presence of various competing
agents. The competition of each drug with itself will
be used to determine the total number of hinding
regions for these solutes, while the competition of
acetyldigitoxin with digitoxin will be used to ex-
amine the number of their common binding sites.
Other competing agents, such as warfarin and L-
tryptophan, will be employed to determine whether
or not digitoxin and acetyldigitoxin really do have
sites on HSA that are separate from the major
binding regions of this protein. From these studies,
data will be obtained that should alow a more
complete picture to be developed for the binding of
HSA to digitoxin and related compounds.

2. Theory

The binding of digitoxin and acetyldigitoxin to
HSA was studied by using the technique of zonal
elution [19]. In this method, a known concentration
of a competing agent (1) is continuously applied to a
column that contains an immobilized ligand (L) (e.g.,
HSA) while injections of a small amount of analyte
(A) are made. If | and A compete for a single site on
L, and A binds to no other type of site on the
support, then the following reactions can be used to
describe the binding events that take place in the
column.

KAL
A+L=A-L (1)

KiL
l+L=I-L 2)

In these equations K,, and K, are the association
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equilibrium constants for the formation of the com-
plexes A—L and | —L, respectively.

It was necessary in this study to also use B-
cyclodextrin as a mobile phase additive to help
complex and dissolve the digitoxin and
acetyldigitoxin in solution. If such a solubilising
agent (S) has 1:1 interactions with A and/or I, then
the following additional reactions will occur within
the mobile phase during the zonal elution study.

Kas

A+S=A-S (3)
Kis

| +S=1 -5 (4)

In these reactions, K, and K,g are the association
equilibrium constants for the formation of the com-
plexes A—S and | — S, respectively.

For the reaction scheme shown in Egs. (1)—(4),
the following relationship has been previously de-
rived to describe the change in retention for A as the
mobile phase concentration of the competing agent is
varied [20].

llk’A — (1 + KAS CS)(l + KISCS)

KAL CL (1+ KIL CS)
(1 + KAS CS)(KIL CI) (5)
K/—\L CL (1+ KIL CS)

In Eq. (5), k, is the capacity factor for the injected
solute, or k, = (t,/t,, — 1), where t, is the measured
retention time of the analyte and t,, is the column
void time. The term C_ is the total concentration of
all active ligand sites in the column, Cq is the total
mobile phase concentration of the solubilising agent,
and C, is the total concentration of competing agent
in the mobile phase. It is assumed in Eq. (5) that the
amount of A that isinjected is much smaller than the
amount of competing agent or immobilized ligand in
the column (i.e, linear elution conditions are pres-
ent). It is also assumed that the amount of solubilis-
ing agent is much larger than the amount of A or |
that is complexed by this agent in the mobile phase.

For the 1:1 direct competition of A and | for L,
Eq. (5) predicts that a plot of 1/k,versus C, should
yield a linear relationship, with the ratio of the
intercept to the slope for this graph giving a value
equal to (1+K,sCs)/K,, . The values for some of the
equilibrium constants in this system can be de-

termined by preparing a second plot of the intercept/
slope ratio versus the concentration of solubilising
agent (Cg) that was used in each study. If the test
system follows the reaction model shown in Egs.
(1)—(4), then this second plot should give a linear
relationship with an intercept equal to 1/K,, and a
sope equal to K,¢/K,, . By taking the reciprocal of
the intercept obtained for this plot, the association
equilibrium constant K, for the binding of | to L can
be determined at the site of competition between A
and | on the immobilized ligand [20].

3. Experimental
3.1. Reagents

Digitoxin and acetyldigitoxin (2:1 ratio of a- and
B-forms), B-cyclodextrin, HSA (Cohn fraction V,
99% globulin free, fatty acid freg), racemic warfarin
and L-tryptophan were obtained from Sigma (St
Louis, MO, USA). The HSA and diol-bonded silica
supports were prepared using Nucleosil Si-300 silica
(7um particle diameter, 300 A pore-size) from
Macherey-Nagel (Duren, Germany). Other chemicals
and biochemicals used were of the purest grades
available. All aqueous solutions were prepared using
water purified by a Nanopure water system (Barn-
stead, Dubuque, |A, USA).

3.2, Apparatus

The chromatographic system consisted of a
CM3000 solvent delivery system from Thermosepa-
rations (Riviera Beach, FL, USA), a Rheodyne 7010
injection valve (Cotati, CA, USA) equipped with a
20 pL sample loop, and a SM3100 UV—-Vis variable
wavelength detector from Thermoseparations. A
Winner-on-Windows interface from Thermosepara-
tions was used for data collection. Chromatograms
were processed by programs written in Microsoft
QuickBASIC (Redmond, WA, USA). All columns
and mobile phases were maintained at 37+0.2°C by
using an Isotemp 9100 water bath (Fisher Scientific,
Pittsburgh, PA, USA). The columns were downward
slurry-packed using an HPLC column slurry packer
from Alltech (Deerfield, IL, USA).
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3.3. Methods

Digitoxin and acetyldigitoxin were placed into pH
7.4, 0.067 M phosphate buffer by using B-cyclo-
dextrin as a solubilising agent. The concentration of
this solubilising agent was varied from 1.0-2.6 mM
during the zonal elution studies. Both digitoxin and
acetyldigitoxin were found to be stable in this
solution for over two weeks at room temperature.

Diol-bonded silica was prepared as described
previously [21]. The diol coverage of the final
Nucleosil support was 230+3umol (*+1 SD) per
gram of silica, as determined in duplicate by an
iodometric capillary electrophoresis assay [22]. The
Schiff base immobilisation method was used to
couple HSA to this diol support [23,24]. A hicin-
choninic acid (BCA) protein assay was performed in
triplicate on the HSA support using HSA as the
standard and diol-bonded silica as the blank [25],
according to previous methods [12]. The final protein
content of the HSA support was found to be 426+2
nmol HSA per gram of silica

A 3 cmXxX2 mm |.D. stainless steel column was
downward dlurry-packed at 3500 p.si. with the
immobilized HSA silica and enclosed in a water
jacket for temperature control. A pH 7.4, 0.067 M
potassium phosphate buffer containing 1.0-2.6 mM
B-cyclodextrin was used to prepare all mobile
phases. To each of these solutions was added 0-10
M of digitoxin, acetyldigitoxin or warfarin, or 0-50
wM of L-tryptophan as a competing agent. Linear
behaviour in plots made according to Eq. (5) was
observed when using mobile phase concentrations of
0-0.5 M digitoxin or acetyldigitoxin; as discussed
later, these were the fina conditions selected for use
in al equilibrium constant measurements. These
concentrations were approximately ten times higher
than the therapeutic range of digitoxin (i.e.,, 26—46
nM) [26], and thus should have provided sufficient
amounts of these drugs for the detection of any
significant interactions between these compounds
and HSA under conditions of norma use. After
preparation, each mobile phase was filtered through a
0.22 pm nylon filter and degassed under vacuum for
15 min. The samples of acetyldigitoxin or digitoxin
to be used as the injected analyte were then prepared
in the same mobile phases as employed in each
individual zonal elution study.

The zonal elution experiments were performed at
flow-rates between 0.2 and 0.5 ml/min, with the
desired analyte being applied in replicate injections.
The column back-pressures under these conditions
ranged from 200-500 p.si. The elution of the
injected acetyldigitoxin and digitoxin was monitored
at 221 nm. The retention time of each probe was
calculated by using the first statistical moment of its
corresponding peak [27]. The void time of the
column was determined by making similar injections
with sodium nitrate, a non-retained compound. Tests
for non-specific binding between digitoxin and
acetyldigitoxin and the support were performed by
injecting these compounds onto a diol-bonded silica
column; in each case, only negligible interactions
were noted. The capacity factors for the injected
probe compounds were determined over sample
concentrations of 0.1-100 wM, with 0.1 wM being
the typical level employed. There were no noticeable
shifts in the capacity factors over this range of
sample concentrations, indicating that linear elution
conditions were present, as assumed in Eq. (5).

4. Results and discussion
4.1. General design of zonal elution studies.

The binding studies performed in this work were
based on the change in retention observed for a small
amount of an injected analyte that was passed
through an immobilized protein column in the pres-
ence or absence of a fixed concentration of a
competing agent. If direct competition occurs be-
tween the anayte and competing agent, then a
decrease in retention should be obtained for the
analyte as the competing agent’s concentration is
increased. If indirect (or allosteric) competition is
present, then either an increase or decrease in analyte
retention may be seen at higher concentrations of the
competing agent, depending on whether the indirect
competition is positive or negative in nature. Exam-
ples of typical chromatograms and shifts in retention
that are obtained in such studies are provided in
[10-19]. By analysing the data of these experiments
according to equations derived for specific reaction
models (e.g., see Egs. (1)—(5) for direct 1:1 competi-
tion), it is possible to not only identify the particular
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type of interaction that is occurring but also to
determine the equilibrium constants that are involved
in these binding processes.

Several practical factors had to be considered
when using these types of zonal elution experiments
to examine the interactions of digitoxin and
acetyldigitoxin with immobilized HSA. The first
problem encountered was the relatively low water
solubility of these drugs, which made it difficult to
reliably put enough of these compounds in the
mobile phase for detection by a standard HPLC
absorbance detector or for use as a competing agent
in the zona elution studies. One possible way of
enhancing the solubility of these agents would be to
add an organic solvent as a modifier to the mobile
phase. However, this would also be likely to cause a
change in the binding properties and/or structure of
the immobilized HSA [28,29].

An dternative approach has recently been de-
veloped in which B-cyclodextrin, or a related com-
pound like a- or y-cyclodextrin, is used as a mobile
phase additive to help solubilise non-polar com-
pounds during HPL C-based binding studies [20]. In
this present study it was found that a solution of
1-26 mM B-cyclodextrin could easily dissolve
acetyldigitoxin and digitoxin in pH 7.4, 0.067 phos-
phate buffer at concentrations that were compatible
with zonal elution experiments (i.e., 0.1-100 wM).
Absorbance and light-scattering measurements indi-
cated that were no apparent changes in the solubility
of these acetyldigitoxin or digitoxin solutions when
stored for several weeks at 4—37°C, thus indicating
that they were sufficiently stable for use as mobile
phases in HPLC studies.

B-Cyclodextrin was selected as a solubilising
agent for acetyldigitoxin and digitoxin since it is
known to bind to many small, non-polar compounds
and yet it has no measurable binding to HSA [20,30].
This means that the presence of B-cyclodextrin in the
mobile phase should not alter the nature or strength
of the binding between immobilized HSA and sol-
utes like acetyldigitoxin and digitoxin. Instead, B-
cyclodextrin and HSA would be expected to act as
independent ligands for these drugs, with the -
cyclodextrin being used to merely help keep
acetyldigitoxin and digitoxin in the mobile phase
through the formation of soluble host: guest com-
plexes. This type of behaviour has been confirmed in

earlier HPLC experiments that have examined the
interactions of cis- and trans-clomiphene with im-
mobilized HSA in the presence of soluble B-cyclo-
dextrin [20]. A second advantage of using B-cyclo-
dextrin as a complexing agent is that it has no
absorbance under the UV/Vis detection conditions
that are commonly employed to monitor injected
solutes in HPLC studies of drug-protein interactions.

Although the presence of B-cyclodextrin did help
produce sufficient mobile phase concentrations of
acetyldigitoxin and digitoxin for HPLC studies, the
presence of this secondary ligand did add some
complexity to these measurements. This was true
even though the B-cyclodextrin did not directly
affect the interactions of these compounds with
HSA. For example, it was now necessary to consider
how the elution of acetyldigitoxin or digitoxin
changed as a function of the concentrations of both
the solubilising agent (B-cyclodextrin) and any com-
peting agent that was present in the mobile phase
(e.g., acetyldigitoxin, digitoxin, L-tryptophan or R/
Swarfarin). The equations and experiments that
were used for this purpose are described in detail in
[20] as well asin the Theory and Sections 4.2—4.4 of
this current report.

A second complication created by the presence of
B-cyclodextrin was the relatively small retention and
small changes in retention that now occurred during
the zona elution studies. This was caused by the
increased time that the acetyldigitoxin and digitoxin
spent in the mobile phase because of their com-
plexation to B-cyclodextrin, which in turn led to a
decrease in their observed retention times and
capacity factors. Most of the capacity factors mea-
sured in this work were in the range of 0.10-0.25,
with some experimental conditions giving k' values
that were even as low as 0.03. Non-specific binding
did not create a problem at these small retention
values because neither acetyldigitoxin or digitoxin
were found to have any significant interactions with
the diol-bonded support that was used for the
immobilisation of HSA. But these small levels of
retention did require that several precautions be
taken in order to obtain reliable estimates of shiftsin
k' values as the experimenta conditions were
changed. For instance, a low injection flow rate
(down to 0.2 ml/min) and a fast data acquisition rate
(usually 60 points per second) were used to obtain
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good time resolution in the chromatographic data
that were generated. This, combined with the use of
replicate moments analysis for determining the true
center of each peak, provided an estimated precision
of =0.001-0.002 min (or about +0.05-0.10 ) for
the retention time measurements performed on any
given peak. Replicate injections under each set of
experimental conditions gave a typical observed run-
to-run variation of =0.002—0.004 min (= 1 SD).
When the retention times from these replicate runs
were averaged, the resulting precision for the mean
retention time became a value of *0.002/VN to
0.004/~/N (or +0.001-0.002 min for N=3). This
level of precision was found to be sufficient for
examining most of the shifts in k' that occurred
throughout this work. In those cases that needed
even higher precision (e.g., the experiments per-
formed at k' =0.03), a larger of number of replicate
injections were used to further decrease the standard
deviations of the mean retention times until the
precision of the average capacity factors was at an
acceptable level.

4.2. Competitive binding studies using digitoxin as
a mobile phase additive.

The first set of zona elution studies in this study
examined the competitive binding of injected di-
gitoxin and acetyldigitoxin in the presence of di-
gitoxin as a mobile phase additive. Plots of 1/kj
versus C, were initially generated in these experi-
ments over a wide range of competing agent con-
centrations in the mobile phase. When using 1.0-2.6
mM B-cyclodextrin as a solubilising agent, a linear
region in these plots was generally observed when-
ever the concentration of digitoxin or acetyldigitoxin
in the mobile phase was below 0.5 M (see Fig. 2).
Similar results have been observed in zona elution
studies of clomiphene hinding to HSA in the pres-
ence of B-cyclodextrin [20]. Since Eq. (5) assumes
that the solubilising agent is present in a large excess
versus the competing agent, 0-0.5 wM digitoxin or
acetyldigitoxin was the mobile phase concentration
range used for all later zonal elution studies in this
work.

When using less than 0.5 wM digitoxin as a
competing agent and digitoxin as the injected probe,
plots of 1/k, versus [digitoxin] gave linear relation-
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Digitoxin Conc. (uM)
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<
A 12.8
S~
12.6
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Fig. 2. Plots of 1/k, versus competing agent concentration for
digitoxin injected into the presence of either (a) digitoxin or (b)
acetyldigitoxin in the mobile phase. The mobile phase concen-
tration of B-cyclodextrin was 1.0 mM in both (a) and (b).

ships, as predicted by Eq. (5) for systems with 1:1
competition. The graphs that were obtained are
shown in Figs. 2(@ and 3(a—c). The correlation
coefficients for all these plots were 0.9999 over the
four data points generated at 1.0-2.6 mM B-cyclo-
dextrin. A second graph (Fig. 4) was made for the
digitoxin/digitoxin data by taking the ratio of the
intercepts and slopes of the best-fit lines and plotting
these values versus the total, or anaytical, con-
centration of B-cyclodextrin that was present in the
mobile phase. This graph also gave linear behaviour,
with a correlation coefficient of 0.9974 over the four
concentrations of B-cyclodextrin that were used.
From the reciproca of the intercept for the
digitoxin/digitoxin data in Fig. 4, it was possible to
obtain the association equilibrium constant for the
competition of digitoxin with itself at its binding
regions on HSA. This gave a K, vaue for this
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Fig. 3. Representative plots of 1/k, versus [digitoxin] in the
mobile phase for the injection of digitoxin at several different
mobile phase concentrations of B-cyclodextrin.

interaction of 5.2 (+0.2) X 10* M ~*. The linearity of
the graphs in Figs. 2-4 for the competition of
digitoxin with itself supports a model in which
digitoxin is interacting at only one type of site on
HSA. The size of this association constant is also in
good agreement with previous estimates of 4—7x 10*
M ~* that have been made for the binding of digitox-
in to HSA in solution [31].

Similar competitive binding studies were per-
formed between acetyldigitoxin and digitoxin by
injecting small amounts of acetyldigitoxin into the
presence of digitoxin as a mobile phase additive.
Plots of 1/k, versus [digitoxin] for these experi-
ments again gave linear relationships at competing
agent concentrations below 0.5 wM (see Fig. 5), with
correlation coefficients ranging from 0.9994—0.9999
over four data points obtained at each level of
B-cyclodextrin. The ratio of the intercepts and slopes

22

(a) Competing Agent, Digitoxin

1.8 T

(b) Competing Agent, Acetyldigitoxin

Intercept/Slope (x 1079

1 ' é I 3
Beta-Cyclodextrin Conc. (mM)

Fig. 4. Plots of intercept/dope ratios versus the total mobile
phase concentration of B-cyclodextrin for the injection of ()
digitoxin or ((J) acetyldigitoxin into the presence of (a) digitoxin
or (b) acetyldigitoxin as a competing agent.

from these graphs were then plotted versus the total
concentration of B-cyclodextrin in the mobile phase.
The result was a linear relationship with a correlation
coefficient of 0.9988 over four levels of B-cyclo-
dextrin (Fig. 4). The reciprocal of the intercept from
this plot gave an association equilibrium constant of
5.4 (+0.2)x 10~ * M ~* for the interaction of digitox-
in at the site at which it competes with acetyldigitox-
in for HSA binding. This value was statisticaly
identical to that obtained in the previous experiment
for the competition of digitoxin with itself, indicating
that the same site on HSA was involved in both
binding processes. Furthermore, the linearity of the
acetyldigitoxin/digitoxin plots in Figs. 4-5 indicates
that digitoxin and acetyldigitoxin had only one
region on HSA a which they had competitive
binding, as observed for the digitoxin/digitoxin
system in Figs. 2—4.
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Fig. 5. Representative plots of 1/k, versus [digitoxin] in the
mobile phase for the injection of acetyldigitoxin at severa
different mobile phase concentrations of 3-cyclodextrin.

4.3 Competitive binding studies using
acetyldigitoxin as a mobile phase additive.

The next group of zonal elution studies examined
the binding of acetyldigitoxin in the presence of
acetyldigitoxin as a mobile phase additive. As seen
earlier in the digitoxin studies, linear behaviour was
obtained for plots of 1/k, versus [acetyldigitoxin] at
competing agent concentrations below 0.5 wM. The
linear region of these curves gave correlation co-
efficients of 0.9980-0.9999 over the four data points
in thisrange. The ratio of the intercepts and slopes of
these results were then plotted against the concen-
tration of B-cyclodextrin. The result was a linear
relationship (correlation coefficient, 0.9995), indicat-
ing the presence of single-site hinding between
acetyldigitoxin and HSA (see Fig. 4). From the
reciprocal of the intercept in this graph, an associa-
tion equilibrium constant of 4.8 (+0.2)x10™* M~*

was obtained for the competition of acetyldigitoxin
with itself at its binding regions on HSA.

Another zonal elution study examined the compe-
tition of injected digitoxin in the presence of
acetyldigitoxin as a mobile phase additive. The plots
of 1/k, versus various acetyldigitoxin concentrations
below 0.5 wM gave linear relationships with correla-
tion coefficients of 0.9995—-0.9999 over the four data
points obtained at each concentration of B-cyclo-
dextrin. The ratio of the intercepts and slopes were
plotted against the concentration of B-cyclodextrin,
which gave a linear relationship with a correlation
coefficient of 0.9991 (see Fig. 4). From the re-
ciprocal of the intercept in this plot, an association
equilibrium constant of 4.9 (+0.2)x10* M~* was
found for acetyldigitoxin at the site where both it and
digitoxin were binding to HSA. This association
equilibrium constant was statistically identical to that
seen for acetyldigitoxin at its site of competition with
itself, again indicating that these two agents each had
just one common hinding region on HSA.

4.4. Competitive binding studies using warfarin or
L-tryptophan as mobile phase additives.

It has previously been proposed in the literature
that digitoxin has a distinct site on HSA that is
separate from the warfarin and indole binding re-
gions [6]. It has also been reported that digitoxin
does not compete with warfarin or diazepam (a
marker for the indole site of HSA) in the presence of
rat a-fetoprotein, which is closely-related to HSA in
its structure [32]. The binding (or lack of binding) of
digitoxin and acetyldigitoxin at the warfarin and
indole sites of HSA was examined in this study by
performing competitive binding zonal elution studies
between these drugs and warfarin or L-tryptophan,
which are often used as probes for the warfarin and
indole sites of HSA.

The first zona elution studies in this section
involved the injection of digitoxin or acetyldigitoxin
into the presence of warfarin as a mobile phase
additive. In these experiments, only random varia-
tions of +=2-3% were noted in k, for injections of
acetyldigitoxin and digitoxin when 0-10 uM war-
farin was present in the mobile phase. Furthermore,
both acetyldigitoxin and digitoxin gave graphs of
1/k, versus [warfarin] that had small correlation
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coefficients (0.1865—0.1942 over seven data points)
and best-fit slopes that were statistically equal to zero
(i.e., slopes that overlapped with zero within a range
of =1 SD). These results indicated that no competi-
tion existed between these compounds and warfarin
for binding sites on HSA, in agreement with previ-
ous observations [6]. This confirmed that digitoxin
and acetyldigitoxin were not binding at the warfarin
site of HSA.

Competitive binding studies between digitoxin or
acetyldigitoxin and L-tryptophan produced similar
negative results. For these experiments, random
variations of +0.3-0.4% were noted in k, for
injections of acetyldigitoxin and digitoxin when 0—
50 wM L-tryptophan was used as a mobile phase
additive. The correlation coefficients for plots of
1/k, versus [L-tryptophan] gave vaues of only
0.0081—-0.0417 over seven data points, and the best-
fit slopes were again statistically equal to zero within
arange of =1 SD. As in the previous solution-phase
studies [6], this indicated that digitoxin and
acetyldigitoxin  were not competing with L-
tryptophan and did not have any detectable interac-
tions at the indole site of HSA.

5. Conclusion

In this report, HPAC and competitive hinding
zonal elution studies were used to characterize the
binding of digitoxin and acetyldigitoxin to immobil-
ized HSA, with B-cyclodextrin being used in the
mobile phase as a solubilising agent. These experi-
ments indicated that digitoxin and acetyldigitoxin
each had a single common binding site on HSA, but
with dightly different equilibrium constants for this

Table 1

region. The association constants that were measured
(see Table 1) were in good agreement with earlier
solution-phase estimates [31]. Neither digitoxin or
acetyldigitoxin showed any competition with war-
farin or L-tryptophan, which were used as probes for
binding at the warfarin-azapropazone and indole-
benzodiazepine sites of HSA. Thus, these data
support a model in which HSA has a separate
binding region for digitoxin-related compounds, as
proposed previoudly [6]. Similar competitive binding
studies could be used to examine the binding of other
compounds to HSA, including digitoxin-related car-
diovascular drugs or other therapeutic agents that
may be co-administered with digitoxin or
acetyldigitoxin.
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