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Protein binding of some nonsteroidal anti-inflammatory drugs
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Abstract

The protein binding of indomethacin, sulindak and diclofenac sodium is studied in the presence of some
competitors: phenylbutazon and diazepam. A high-performance liquid affinity chromatography based on chiral
stationary phases with immobilized human serum albumin is used. The competition of the markers and the drugs for
two major high- and low-affinity binding sites is investigated. Using a mathematical procedure proposed by the same
authors in a previous work the affinity constants of the binding drugs and markers for both types of site are
calculated. An analogous behaviour is established for the three drugs—they have nearly the same affinity for the
primary binding sites marked by phenylbutazon and diazepam and only one type of low-affinity site (diazepam-bind-
ing sites) is involved in binding. That can be explained assuming an overlapping sites. © 1999 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Protein binding of drugs is involved in the
general phenomenon concerning the interactions
between small ligands and biopolymers. Such in-
teractions are very often influenced by the pres-

ence of other small molecules—competitors. The
ability of competitors to displace a ligand from
the macromolecule can be expressed either by a
simple competition or by more complex indirect
mechanisms.

The binding of drugs to human serum albumin
(HSA), the most important plasma protein, is a
good model system to study interactions between
small ligands and macromolecules. As the binding
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of a drug can be modified by the presence of
other drugs, this is also a suitable model to
study the competitive binding of two ligands to
the albumin binding sites, where the displace-
ment of one drug by another can take place.
The investigation of drug-albumin binding phe-
nomena helps to elucidate the drug–drug inter-
actions in vivo.

The present work regards the binding and
competitive behaviour of some drugs: in-
domethacin, sulindak and diclofenac sodium,
which are all derivatives of arylacetic acids.
They belong to NSAIDs—a therapeutic class
that displays remarkable similarities in therapeu-
tic actions and side effects, but is markedly het-
erogenous in structure.

Reports have been published on the binding
of indomethacin to HSA and the nature of
binding sites were discussed based on data ob-
tained by means of ultrafiltration (Mason and
McQueen, 1974) and circular dichroism (Ekman
et al., 1980). The specificity of binding sites was
studied with albumin immobilized in microparti-
cles (Sjoholm et al., 1979; Sjoholm and Kober,
1980). A stoichiometric constant of binding was
obtained by means of equilibrium dialysis and a
stoichiometric analysis of data (Honore and
Brodersen, 1984). Using difference spectroscopy
an affinity constant was calculated and the bind-
ing model was proposed as well (Russeva and
Mihailova, 1996). The variety of data are re-
ported for indomethacin which in some cases
are not in agreement. On the other hand only a
single report exists about the albumin binding of
sulindak. The affinity constants were determined
for two classes of binding sites of sulindak in a
circular dichroism study (Russeva et al., 1994).
The nature of binding sites was investigated and
a model of binding to the HSA molecule was
proposed, too. The binding of C-labeled diclofe-
nac-Na to human serum proteins was investi-
gated in vitro by equilibrium dialysis and
ultracentrifugation (Wagner and Sulc, 1979).
The difference spectroscopy was used to study
the influence of various factors on the albumin
binding of diclofenac-Na and a model of bind-
ing was proposed as well (Russeva and Mi-
hailova, 1996).

Previous studies have shown that the utiliza-
tion of immobilized HSA in high performance
liquid chromatography (HPLC) accurately simu-
lates the binding properties of the free protein
(Domenici et al., 1990, 1991). Data obtained
have been shown to be precise and reproducible.

A high-performance liquid affinity chromato-
graphic study based on chiral stationary phases
(CSP) with immobilized (HSA) is reported in
the present work to investigate the albumin
binding behaviour of the drugs mentioned
above. The location of binding sites was studied
using diazepam (DAZ) and phenylbutazon
(PBZ) as markers. The possibility to use these
drugs as markers binding predominantly at each
of the two major binding sites: site I and site II
are described in our previous work (Russeva
and Zhivkova, 1998). The results obtained indi-
cate that two different binding sites exist for
PBZ and DAZ on the HSA-CSP column: high-
and low-affinity sites. A conclusion was derived
from those data that the binding sites for PBZ
and DAZ on the HSA-CSP column can not be
differentiated entirely and that they are probably
overlapping to some extent, so that common
binding subsites are present.

2. Materials and methods

2.1. Drugs and chemicals

Indomethacin, sulindak, diclofenac-Na,
phenylbutazon and diazepam are obtained from
National Drugs Institute (Sofia, Bulgaria).
Propan-1-ol for HPLC, as well as NaH2PO4 and
Na2HPO4 of purest grade were provided from
Merck (Darmstadt, Germany).

2.2. Chromatography

A modular HPLC system LC-10A Shimadzu
(Japan) has been used, which consisted of a LC-
10A pump, solvent degasser DGU-3A, Rheo-
dyne injector with 20 ml loop, column oven
CTO-10A, SPD-M10A Diode array detector and
communication bus module CBM-10A. The
HSA-CSP column (150×4.6 mm) is provided
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from Shandon Scientific (Runcorn, UK). The
analysis is controlled and the data were acquired
with CLASS LC-10. Chromatography is carried
out isocratically at temperature 3490.1°C and a
flow rate 1.2 ml/min. The mobile phase is based
on NaH2PO4–Na2HPO4 (67 mM, pH 7.4)
modified with 8% (v/v) propan-1-ol.

2.3. Mathematical analysis

The retention factors k % at different marker
concentrations [M] are used to calculate the quan-
titative parameters characterizing the binding pro-
cess. A mathematical procedure concerning more
than one type of binding sites is used (Zhivkova
and Russeva, 1998). In this case the following
equation is given:

k %=k %I+k %II+X=
KA

I [S tot
I ]

1+KM
I [M]

+
KA

II[S tot
II ]

1+KM
II [M]

+X.

(1)

k %I and k %II represent the parts of the retention
factor k % due to binding to the primary (high-
affinity) and secondary (low-affinity) binding site
and KD

I , KD
II, KD

I , KM
II , [S tot

I ] and [S tot
II ] are the

respective values of affinity constants of the drug,
marker and common binding sites concentrations.
The term X represents the part of the retention
due to binding at sites where marker does not
bind.

3. Results and discussion

Although the investigated drugs belongs to one
and the same therapeutic group they are different
in their chemical structure and specificity. For
that reason the considerations are given conse-
quently for every individual ligand.

3.1. Indomethacin

As it can be seen from Fig. 1a at the very
beginning the retention factor k % decreases linearly
with the increasing of marker (PBZ) concentra-
tion, then (above 7.5 mM PBZ) it remains con-
stant—the binding sites probably become
saturated. The quantity of the displaced marker
PBZ changes in the same manner during the
experiment. The affinity constant determined for
the binding of indomethacin to the sites where
PBZ also seems to bind is high enough and corre-
sponds to about 30% primary high-affinity bind-
ing (Table 1). The binding of indomethacin to
sites marked by DAZ exhibits a biphase be-
haviour (Fig. 2a), what supports the hypotheses
for binding to high- (about 9%) and low-affinity
(about 85%) binding sites as well. There is consid-
erable displacement of the marker (DAZ) at the
higher concentration [M], too. The values of the
high- and low-affinity constants (Table 1) exceed
those of the marker (inhibitor) (Russeva and

Fig. 1. Influence of the mobile phase concentration of the marker (PBZ) on the retention factors of the injected drugs: (a)
indomethacin and diclofenac sodium; (b) sulindak. HPLC conditions: stationary phase—immobilized HSA-column 150×4.6 mm;
eluent 67 mM phosphate buffer (pH 7.4)—propan-1-ol (92:8, v/v); column temperature 3490.1°C; flow-rate 1.2 ml/min; detection
wavelengths 264 nm (for PBZ) and 320 (for the solvent).
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Table 1
The affinity constants for the albumin binding of some NSAIDs to the sites marked by phenylbutazon (PBZ) and diazepam (DAZ)

Type of binding sitesDrug

High-affinity binding sites Low-affinity binding sites

DAZPBZDAZPBZ

KA, M−1

2.17×106 2.55×1041.16×106 –Indomethacin
1.31×105 –Sulindac 1.33×105 4.21×103

1.89×104–1.15×1065.44×105Diclofenac–Na

Zhivkova, 1998) for the same types of binding
sites which illustrate the availability of the com-
petitive effects.

3.2. Sulindak

Initially the retention factor k % decreases lin-
early until 10 mM concentration of the PBZ
marker is reached, after which the values of k %
remain constant (Fig. 1b). Binding to the primary
(high-) affinity sites occurs as it can be seen from
the value of the binding constant obtained (Table
1). In a different way sulindak binds to DAZ-
binding sites: k % decreases continuously without
saturation. The results (Table 1) support binding
to the primary DAZ-binding sites (about 3%), to
the secondary binding sites (about 80%) and to
other sites (about 17%). A displacement of DAZ

occurs in the whole range of marker concentra-
tion [M] due to the binding of sulindak to com-
mon sites. So sulindak binds to HSA in a manner
similar to the binding of indomethacin.

3.3. Diclofenac sodium

The binding behaviour of diclofenac-Na is
analogous to the binding of the drugs discussed
till now. The experimental data confirm that when
PBZ is used as a marker nearly 15% of the
binding of diclofenac relates to the primary (high-
affinity) PBZ binding sites. The retention factors
remain constant above 7.5 mM marker concentra-
tion (Fig. 1b); in a similar way the quantity of the
replaced PBZ initially arises until the mentioned
concentration is reached and then remain un-
changed. Diclofenac binds to the high- (nearly

Fig. 2. Influence of the mobile phase concentration of the marker (DAZ) on the retention factors of the injected drugs: (a)
indomethacin and diclofenac sodium; (b) sulindak. HPLC conditions: stationary phase—immobilized HSA-column 150×4.6 mm;
eluent 67 mM phosphate buffer (pH 7.4)—propan-1-ol (92:8, v/v); column temperature 3490.1°C; flow-rate 1.2 ml/min; detection
wavelengths 223 (for DAZ) and 320 (for the solvent).
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Table 2
The affinity constants of the markers phenylbutazon (PBZ) and diazepam (DAZ) for high- and low-affinity binding sites of albumin
in the presence of some NSAIDs

Drug Type of binding sites

PBZ DAZ

High-affinity Low-affinity High-affinity Low-affinity
KM.10−4 M−1KM×10−5 M−1 KM×10−5 M−1

1.3390.180.7290.17Indomethacin 1.4890.63 –
0.5590.271.6790.26Sulindac 1.8490.13 –

1.0790.85 – 0.9090.12Diclofenac–Na 0.5190.12

5%) and low- (about 76%) affinity binding sites
marked by DAZ, the affinity of the drug to both
type of sites (Table 1) exceeds 10-fold the affinity
of the marker itself—small quantities of DAZ are
displaced. The affinity constants obtained for the
binding of the marker DAZ are identical with
those found for DAZ, used simultaneously as
marker and analyte (Table 2). In the whole range
of marker concentrations the retention factors
decrease in a biphase manner.

4. Conclusions

The results concerning binding of indomethacin
enable the conclusion that binding occurs to pri-
mary sites of both types with quite similar affinity
constants. Secondary binding occurs only at the
low affinity DAZ-binding sites. The affinity con-
stants for the primary (high-affinity) binding of
sulindak to the PBZ- and DAZ-binding sites are
almost equal. There are also low-affinity sites,
named DAZ-binding sites, where sulindak binds
as well. Sulindak does not bind to the secondary
(low-affinity) PBZ-sites. An analoguos behaviour
was established regarding diclofenac-Na binding.
In this case we find an affinity constant to high-
affinity DAZ-binding sites exceeding twice the
constant for the binding to the high-affinity PBZ-
binding sites. The drug binds with a lower affinity
to the secondary DAZ-sites. It was previously
found that DAZ binds to the primary (high-
affinity) binding sites of PBZ. In the cases when
DAZ presents as a marker the low-affinity sites

are shared with PBZ (Russeva and Zhivkova,
1998). Based on the hypothesis for a partial over-
lapping of sites it is easy to explain nearly the
same affinity constants for the primary binding of
the studied drugs to the sites marked by PBZ and
DAZ. The binding of the three drugs only to one
type of low-affinity sites (DAZ-sites) can well be
explained assuming an entire overlapping of the
secondary (low-affinity) PBZ- and DAZ-binding
sites.

In a previous work (Russeva et al., 1994) the
model of the stepwise binding was proposed to
explain the interaction of sulindak with HSA
studied by circular dichroism. The present results
allow confirmation of this concept and to apply it
for the other drugs using the HPLAC method as
well. So, it can be concluded that the binding of
the drugs under investigation goes stepwisely: ini-
tially with high affinity and then with a lower
affinity occupying site with different nature ac-
cording to the chemical structure and preferention
of the individual ligands.
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