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Use of 1-Anilino-8-napthalenesulphonate as an Ion
Probe for the Potentiometric Study of the Binding of
Sulphonamides to Bovine Serum Albumin and Plasma

A. ANGELAKOU, G. VALSAMI, M. KOUPPARIS* AND P. MACHERAS

Department of Pharmacy and Chemistry*, University of Athens, Panepistimiopolis, Athens 15771, Greece

Abstract—The binding of sulphafurazole, sulphamethizole and sulphamethoxazole to bovine serum
albumin (BSA) and human plasma has been studied in-vitro by potentiometry using an electrode selective
for the ion probe 1-anilino-8-napthalenesulphonate (ANS). The method requires two separate potentio-
metric titrations of the binder solution with ANS in the absence and in the presence of sulphonamides. ANS
displaced sulphonamides from the first-class of binding sites of both binders. The binding constants for
sulphonamide-BSA interactions were higher than those for sulphonamide-human plasma. The expansion
of the least linear limit of the response curve of the electrode down to 10~" M in the presence of BSA was also
demonstrated. The reverse reaction, i.e. the displacement of the probe from the binding sites induced by the
sulphonamides, was also explored. The proposed method is suitable for studying competitive binding

interactions in biological specimens.

The methods of studying drug-protein interactions can be
broadly classified into two groups—direct techniques (based
on the monitoring of a physicochemical property of the
protein or the drug upon binding) and indirect techniques
(based on the measuring of the free drug after separation
from the bound drug). The major advantage of the direct
techniques, which are mainly spectroscopic, is associated
with the low risk of interference with the drug-protein
equilibrium. Among the direct techniques and especially in
the field of competitive binding experiments, fluorimetry has
been extensively applied. For example, the fluorescence
probe 1-anilino-8-napthalenesulphonate (ANS) has been
used in a number of studies in the investigation of drug
interactions with proteins (Hsu et al 1974; Sato et al 1984;
Gizurarson & Jensen 1989; Essassi et al 1990). However, the
major objection to the fluorescence probe technique is that
extensive dilution of the biological specimen is required to
avoid spectral interference. Such 3 dilution causes distur-
bance of equilibrium conditions. In recent years, a novel
direct technique devoid of this drawback using potentio-
metry with ion-selective electrodes (ISEs) has been developed
and applied to binding studies (Takisawa et al 1988;
Christopoulos & Diamandis 1990; Valsami et al 1990, 1991,
1992).

In this paper, we describe the development of the potentio-
metric ion probe technique for the study of drug-protein
interactions. The technique is based on the continuous
monitoring of the free ion probe in the reaction mixtyre of
protein-drug-probe by direct potentiometry. The ion probe
used was the ANS, for which a homemade indicator
electrode has been constructed in our laboratory. The
characteristics of this ISE of ANS and its use in the binding
study of ANS to human plasma, and human and bovine
serum albumin have recently been reported (Valsami et al
1991).
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and Pharmacokinetics, Department of Pharmacy, University of
Athens, Panepistimiopolis, Athens 15771, Greece.

Materials and Methods

Apparatus

The construction of the ANS indicator electrode and the
necessary potentiometric system have been previously
reported (Valsami et al 1991).

Materials

1-Anilino-8-napthalenesulphonate ammonium salt and
bovine serum albumin (fraction V) were obtained from
Fluka (Buchs, Switzerland). Sulphafurazole, sulphamethi-
zole, sulphamethoxazole and sulphadiazine were kindly
donated by American Cyanamid Company. Plasma was
obtained from nine healthy volunteers of either sex, aged
between 25 and 35 years, who had received no drug for at
least 1 week before the blood collection. The plasma
obtained by centrifugation at 3000 rev min~! for 10 min was
stored at —40°C in 5 mL glass tubes.

Reagents

All solutions used were prepared in deionized water. Other
chemicals used were of analytical grade. Phosphate buffer,
0-10 M, pH 7-4 was prepared by dissolving sodium dihydro-
gen phosphate in water and adjusting the pH with 18 M
NaOH using a pH-meter. ANS stock solution was 0-1 M with
respect to ANS in phosphate buffer. More dilute working
solutions were prepared by dilution of the stock solution in
phosphate buffer. BSA solution was prepared to contain
22-5 g L' of BSA in phosphate buffer and stored at 4°C for
no more than one week. Plasma working solution was

. prepared by 1:1 dilution with phosphate buffer. Mixed

working solutions used as titrants (ANS-BSA, ANS-BSA-
sulphonamide and ANS-sulphonamide) were prepared to
contain ANS at a concentration of 0:01 M, BSA at a
concentration of 22-5 g L~! (3-36 x 10-* M) and sulphona-
mides at various concentrations (5x 10-4-5x 10~% M) in
phosphate buffer.
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Methods

Construction of calibration (response) curve of the ISE. Five
millilitres of phosphate buffer were pipetted into the ther-
mostated measurement cell, the indicator and reference
electrodes were immersed, and after the potential was
stabilized, various portions of a 0-006 M ANS working
solution were added, with a 100 pL Hamilton microsyringe
(concentration range covered 1-3 x 10-6-2:4x 10~3 m). The
emf values were recorded and measured after stabilization
(£0-1 mV) following each addition. The potential values E,
were plotted against the negative logarithm of the ANS
concentration, to give the calibration (response) curve of the
ISE, using a least squares linear fitting program. Corrections
for the change in volume after addition were performed by
the program utilized for the analysis of data (Christopoulos
& Diamandis 1990; Valsami et al 1991). The construction of
the calibration curve is necessary on each working day.

Binding experiments (potentiometric titrations). Solutions of
BSA or plasma (5-0 mL) with or without sulphonamide, were
pipetted into the measurement cell and small amounts of
either 0-01 M ANS solution or the mixed ANS-sulphonamide
solution (both in the case of plasma), or the mixed ANS-BSA
or ANS-BSA-sulphonamide solution (both in the case of
BSA) were added with a 100 uL Hamilton microsyringe. By
using these mixed titrant solutions, the BSA and the
sulphonamide concentrations remain constant during the
binding experiment, making the data analysis simpler. In the
case of plasma, corrections for the dilution after each
addition were performed by the program (Christopoulos &
Diamandis 1990; Valsami et al 1991).

Data analysis. In all binding experiments concentrations of
free ANS (F) were calculated from the calibration curve of
the electrode and concentrations of bound ANS (B) from the
equation:

B=T-F

where T is the total ANS molar concentration. In the binding
experiments of ANS with BSA in the absence of sulphona-
mides, the data obtained were fitted according to the
Scatchard equation:

m n; KIF

B= —_—
i-11+KF

P, M
where m, n;, K; and P, denote respectively the number of
distinct classes of independent and non-interacting binding
sites, the number of binding sites of the ith class, the ANS
(intrinsic) association constant of the ith class, and the molar
protein concentration. The data of binding experiments of
ANS with human plasma in the absence of sulphonamides
were analysed with the modified Scatchard equation
(Loscher 1979; Valsami et al 1991):

m N, K, F
B=) ————P, )

‘=‘1+ K, F
1000 MW

where B and F are given as ug mL~!, P,as g L' and K, as
M~ ! N;is the binding capacity of the ith class of binding sites

expressed as mol g~!, and MW is the molecular weight of
ANS.

In the cases of ANS binding to BSA and human plasma in
the presence of sulphonamides, equations 1 and 2 were also
used for the analysis of data. However, apparent association
constants, (Kj).pp, were estimated instead of K.

The parameters n; or N, K; or (Ki)ap, for all sets of
experiments, were calculated by a nonlinear least-squares
method of performing fitting of equations 1 and 2 to the
experimental data (potential readings E — total ANS concen-
tration T) (Christopoulos & Diamandis 1990; Valsami et al
1991).

The association constant, K, for the binding of sulphona-
mides (the so-called inhibitor) to BSA and human plasma
was calculated by the relation (Brodersen 1974; Essassi et al
1990):

KI - (Kl)app
(K gy 1]
where (K,)).,p and K, are the apparent association constant
and the association constant of ANS, respectively, for the

first binding class, and [I] is the total concentration of
sulphonamide in the displacement experiment.

K, = 3)

Results

In order to examine the ability of the ANS ISE to measure
accurately low concentrations of ANS in the presence of
relatively high sulphonamide concentrations, the potentio-
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F1G. 1. Scatchard plots for the binding of ANS to BSA at 25°C and
pH 7-4: in the absence of drug (a) and in the presence of 5x 107 % M
sulphadiazine (b), sulphamethoxazole (c), sulphamethizole (d) and
sulphafurazole (¢). The theoretical Scatchard curves, based on the
calculated binding parameters according to equation 1, are drawn '
over the experimental points.
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F1G. 2. Scatchard plots for the binding of ANS to human plasma at

5°C and pH 7-4: in the absence of drug (a ? and in the presence of
103 M sulphamethoxazole (b) and 5 x 10~* M sulphamethizole (c).
The theoretical Scatchard curves, based on the calculated binding
parameters according to equation 2, are drawn over the experi-
mental points.

metric selectivity coefficients, KP*'anssupn, Were determined
in the buffer used, using the so-called mixed solution method
(Moody & Thomas 1970). The values obtained, 4-24-
7-45 x 10~*, indicate no serious interference from sulphona-
mides.

The Scatchard plots for the binding of ANS to BSA in the
absence or in the presence of the sulphonamides are shown in
Fig. 1. The shape of the curves in Fig. 1 indicate that the
sulphonamides are bound only to the first class of binding
sites of ANS and are displaced by the probe. Similar profiles
and identical conclusions can be drawn by inspecting the
Scatchard curves for the binding of ANS to human plasma in
the absence or in the presence of sulphamethizole and
sulphamethoxazole (Fig. 2). Parameter estimates for the
binding of ANS to BSA and human plasma in the absence of
drugs are summarized in Table 1. These data were obtained
over a period of ten months using different ISEs (recon-
structed approximately once a month). The between-run
precisions are sufficient for such binding studies. The results
of a typical set of experiments for the binding study of
sulphamethoxazole to BSA and human plasma are summar-
ized in Table 2. A significant decrease in the apparent
association constant of the L.rst class of binding site is caused
by the presence of the drug. Within-run precisions for K, and
(K1)app were in the range 0-04-1 x 105 M~ . Estimates for the
association constants of the sulphonamides are given in
Table 3. For comparative purposes, estimates of association
constants of sulphonamides reported in the literature are
quoted in Table 4 along with the estimates of the present
study.

The expansion of the least linear limit of the response
curve of ANS ISE in the presence of BSA was also studied.

Table 1. Estimates (+s.d.)* for the binding parameters of the ANg
interaction to BSA® and human plasma® at 25°C.

Binding parameters? BSA Human plasmg
- 284 (0:32) —
I 316 (0-22) —

137 (1-8) _
105N, (mol g~ 1) 41(0-51) 1-34 (0-50)
105 N, (mol g 1) 4.8 (0-73) 242 (0-44)
10° N, (molg ) 231 (9:5) 110 (3-8)
1075 K, (m 65(1-1) 3.48 (0-89)
105K, (M-') 0-21 (0-05) 032 (0-11)
1073 Ky (m~1) 0-54 (0-14) 0-82 (0-31)

2 Calculated from eleven titration experlmems, each one consxst.
ing of approximately 60 measurement pomls over ten months. ® BSA
concentration was 2:25% (3-36 x 10~* M) and was kept constant
during the experiment. CHuman plasma was diluted 1:1 with
phosphate buffer 0-1 M pH 7-4. 9n; is the number of binding sites of
the ith class of protein, N; is the binding capacity of the ith class of
binding sites expressed as mol g~ ! and K is the intrinsic association
constant of the ith class.

Table 2. Estimates (+s.d.)* for the binding parameters of ANS to
BSA® and human plasma® at 25°C in the absence and presence of
sulphamethoxazole®.

Binding In the absence of In the presence of
parameters® sulphamethoxazole sulphamethoxazole
Human Human
BSA plasma BSA plasma
ny 3:2(0:32) — 3-2 (0-50) —
nz 3-2(0-21) — 3-6 (0-2) —
157 (0-5) — 159 (3-9) —
105 N, (molg=') 4-5(0-54) 09(0-3) 4-7(0-78)  0-6(0-3)
10N, (molg™1)  51(12)  24(02) 47(0-85) 2:6(01)
10° N3 (mol% ) 2007(22) 71(1-6) 173 (2-5) 8:3(21)
103K, (M 6520  43(02) 4.0 (1-5) 42 (1-1)
103K, (M—') 0-17 (0-07) 0-40 (0-08) 0-12 (0-05) 04 (0-9)
107 3Ks (™) 0-5(0:1)  1-06(0:15) 0-30(0-004) 0-8(0-2)

?Calculated from three titration experiments performed on
different days each one consisting of approximately 60 measure-
ment points. ® BSA concentration was 2:25% (3-36 x 10~4 m) and
was kept constant during the experiment. CHuman plasma was
diluted 1:1 with phosphate buﬁer 0-1 M, pH 7-4. Sulphamethoxa-
zole concentration was 5 x 10~% M in the case of BSA and 10~ m for
human plasma.  Binding parameters as explained in the legend of
Table 1. {Within-run precisions ranged from 0-05 to 1-1 x 10° m

Table 3. Estimates (+s.d.)® for the association constants of the
sulphonamide interaction with BSA® and human plasma® at 25°C.

Association constants

Drug? Binder (x10°m~1h
Sulphafurazole BSA 3-7(0'5)

Human plasma —*
Sulphamethizole BSA 2:5(0-3)

Human plasma 16 (0-5)
Sulphamethoxazole BSA 1-5(0-7)

Human plasma 0-50 (0-03)

?Calculated from three titration expenmems each consisting of
approximately 60 measurement points. > BSA concentration was
2-25% (3-36 x 10~* M) and was kept constant during the experiment.
CHuman plasma was diluted 1: 1 with phosphate buffer 0-1 M, pH 7 4.

dDrug concentration was 5 x 10~% M in the case of BSA and 1077 M
for human plasma. °*Not measurable.
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Table 4. Estimates (+s.d.) for the association constants of the
su]phonamide interaction with BSA and human plasma.

Association lconstants

prug and binder M References
Iphafurazole
SURA 3.7 (0-5) x 10° This study
10° Moriguchi et al (1968)
147 x 10* Nakagaki et al (1964)
96 x 10° Hsu et al (1974)
(Fluorescence probe
technique)
Sulphamethizole
BSA 2:5(0-3)x 103 This study
2:0x 104 Moriguchi et al (1968)
52x10° Hsu et al (1974)
Human plasma 1-6 (0-5) x 10° This study
Sulphamethoxazole
BSA 1-5(0-7) x 10° This study
1-6 x 10° Hsu et al (1974)
Human plasma 50 (0-3) x 10? This study
4-49 x 10? (serum)  Spring (1966)

Sulphadiazine

BSA —2 This study
[ x10? Moriguchi et al (1968)
42 x 10? Hsu et al (1974)

2Not measurable.

The response curves of ANS ISE in the absence and in the
presence of BSA (3-36 x10~4 M) are shown in Fig. 3.
Experiments were also conducted to explore the reverse
reaction, i.e. the displacement of ANS by the sulphonamides.
A typical example of this reaction with sulphamethizole
displacing ANS from the binding sites, is shown in Fig. 4.
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Fig. 3. Response curves of the ANS ISE in the absence (®) and in the
Presence (&) of 3:36 x 10~* M BSA. The corresponding equations
are: E=—37-6(+1-1)—53-6(+£0-2)xpF (absence of BSA),
E= _363(4£03)—533(£0-1)x pF (presence of BSA).
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FIG. 4. Plot of the concentration of free ANS vs total sulphameth-
izole concentration. Experimental conditions: 3 mL BSA (2:25%)—
ANS (0-2 mm) in phosphate buffer 0-10 M pH 7-4 were titrated with a
mixed solution of BSA (2-25%) and sulphamethizole (0-010 M) at
25°C. Corrections of total ANS concentration due to the dilution
were made.

Discussion

The response time of the ISE of ANS was very short both in
the absence and the presence of sulphonamides. The poten-
tial was stabilized in all studies in about 5-10 s. This
observation indicates that the displacement reaction is very
rapid and the ISE is capable of monitoring the free
concentration of ANS in the successive equilibria.

In all studies, computer analysis of data revealed three
classes of binding sites irrespective of the binder (BSA or
plasma) and the absence or presence of sulphonamides
(Tables 1, 2). The similarity in the estimates of the number of
binding sites for each class between experiments in the
absence and the presence of sulphonamides, if coupled with
the variability of measurements, leads to the conclusion that
the sulphonamides do not induce allosteric effects when
bound to BSA or plasma proteins. Nevertheless, a significant
difference exists between the estimates of the association
constant and the apparent association constant of the first
class of binding sites for both binders examined (Table 2).
This difference gives a clear indication of the exclusive
binding of sulphonamides to the high-affinity sites of BSA
and plasma. This conclusion is also in accord with the shape
of the Scatchard plots (Figs 1, 2). The initial, almost linear,
segments of the experimental curves in the absence of
sulphonamides, which correspond to the high-affinity class
of binding sites, have been moved towards the y-axis
exhibiting shallow slopes in the displacement experiments.

A previous binding study of sulphonamides with BSA
(Hsu et al 1974) using ANS as a fluorescence probe was based
on the assumption that the competitive binding is restricted
only to the high-affinity class of binding sites. Our results
provide conclusive evidence for the correctness of this
hypothesis (Table 2). This was made possible due to the
inherent advantage of ISE to study the binding phenomenon
in a wider range of ANS/binder ratios compared with
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fluorescence studies. It should be noted that the least linear
concentration limit of the ANS ISE is approximately 107¢ M
(Valsami et al 1991); however, an expansion of this limit
down to 10~ 7 mis caused by the protein binder (Fig. 3). In the
presence of BSA, the concentration of free ANS was
calculated from equation 1 using the known binding para-
meters and a nonlinear fitting program. The expansion of the
least linear limit is a well known phenomenon (Otto et al
1985) which increases the usefulness of direct potentiometry
for binding studies.

Our results also demonstrate that ANS displaces sulphon-
amides from the first class of binding sites of human plasma
(Table 2) whereas fluorescence studies are not capable of
detecting interactions in plasma due to the spectral interfer-
ence of the biological specimen.

The apparent association constants of ANS for the first
class of binding sites, (K)app, were further used to calculate
the corresponding association constants of sulphonamides,
K, to BSA and human plasma (Table 3). The binding
affinity of sulphonamides was found to be higher in BSA
than in plasma. The estimates for the association constants
of sulphonamides to BSA agree with previously reported
values (Table 4). The values found in this study are very close
to those reported by Hsu et al (1974), which were determined
using a similar method (fluorescence probe technique) but at
low BSA concentration (0-1%). However, there are some
differences with the results obtained by Moriguchi et al
(1968) which may be attributed to the different methodology
used. It should be noted that due to the weak binding, the
binding parameters for sulphadiazine in both media and
sulphafurazole in plasma were not calculated (Tables 3, 4).
From equation 3 and assuming K;—(K).,;, >SDk (the
maximum within run standard deviation of K is about
10° M~!) the product K [I) must be greater than 0-18 to allow
application of this method. For typical concentrations of
drugs of 5x 1074, 1 x 10~3and 5 x 10~ M the corresponding
K must be greater than 300, 150 and 30 M~', respectively.
The concentration of the drug utilized is limited by its
solubility at pH 7-4 and the possible interference with the
electrode. However, in our studies, on changing the inhibitor
concentration, the calculated valpe of K; was found to be
constant. For example, K, for the binding of sulphamethoxa-
zole to BSA was 1-:5(4:0:7) x 10° and 1-1(+0-4) x 10° M~ ! for
5x10-*and 1 x 103 M drug concentrations, respectively. In
spite of the inherent advantages of ISE potentiometry,
fluorimetry is a more sensitive technique capable of assessing
weak binding interactions (Hsu et al 1974; Essasi et al 1990).
The concentration of BSA used in the present study was
relatively high (335 um) to resemble the albumin concentra-
tion (325 um) found in the 1:1 plasma-phosphate buffer
solution. It is advisable, however, for the.drug-protein
interaction to be studied with a low concentration of BSA
(<50 um) in order to obtain accurate values for the
association constants. Experiments carried out in our labor-

atory have shown that the sulphonamide-BSA interaction ,

can be monitored with the ISE of ANS using BSA concentra-
tions in the range 15-150 um. >
The reverse reaction, i.e. the titration of ANS-BSA

mixture with the drug (inhibitor) under study (containing the
same concentration of BSA to keep its concentration
constant) is also feasible, if a concentrated stock solution of
the drug can be prepared. Fig. 4 shows the increase of the
concentration of free ANS in a solution of BSA-ANS after
the addition of sulphamethizole. Fig. 4 in conjunction with
Fig. 1 provides conclusive evidence that ANS and sulpha-
methizole are mutually displaced from the binding sites of
BSA. Work in progress in our laboratory is aiming at a
quantitative application of this procedure.
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