Biochemical Pharmacology. Vol 23 pp. 1175 1175 Pergamon Press. 1976, Printed in Great Britain

DISPLACEMENT OF TOLBUTAMIDE, GLIBENCLAMIDE
AND CHLORPROPAMIDE FROM SERUM ALBUMIN BY
ANIONIC DRUGS*

KenNeTH F. BROWN and MicHagL J. CROOKS
Department of Pharmacy, University of Sydney. N.S.W.. 2006, Australia

{Received 16 May 1975 accepted 5 September 1975)

Abstract  The binding of tolbutamide, chlorpropamide and glibenclamide to human and bovine serum
albumin has been estimated in the presence of a number of acidic drugs. It is shown that agreement
between experimental data and that calculated using the competitive binding equation is very poor.
The degree of displacement of tolbutamide and chlorpropamide is much greater than that calculated
using the equation while displacement of glibenclamide is much less. These findings suggest that dis-
placement is essentially non-competitive and that glibenclamide is less susceptible to displacement

by acidic drugs than tolbutamide or chlorpropamide.

It is generally assumed that the degree of displace-
ment of one drug by another from protein binding
sites can be caleulated using the well known competi-
tive binding equation [1.2]. Implicit in this is the
further assumption that both drugs are bound to and
compete for common discrete binding sites. This is
particularly the case where binding constants are
determined by measuring the displacement of a fluor-
escent [3.4] or other probe.

The displacement of the sulphonylurea drugs from
serum albumin has received considerable interest
[6 9]. A varicty of drugs can displace tolbutamide
{6 10] and chlorpropamide [6-8,10] from binding
sites but little 1s known about the newer drug gliben-
clamide.

In this work displacement of the three sulphonyl-
urcas by several common acidic drugs has been esti-
mated. The extent of displacement calculated using
the competitive binding equation is compared with
experimental data.

MATERIALS AND METHODS

Bovine serum albumin (BSA lot number 300-2060)
and  human  serum  albumin (HSA lot number
81c-13028) were both crystalline fraction V. albumin
obtained from Sigma Co. Tolbutamide and chlorpro-
pamide have been described elsewhere [117. ['*Clgli-
bencelamide was labeled as follows:

Cl
—CONHCH,CH,—  —SO,NHCONH —
OCH,
The pKa was estimated as 6.5 + 0.03 [11] and the
sp. act. was 0.84 mCig '. Phenylbutazone and sul-

phaphenazole were donated by Ciba-Geigy and war-
farin was donated by Endo Laboratories. All drugs
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including salicylic acid and paracetamol were recrys-
tallised prior to use.

Diulvsis procedure. Binding of tolbutamide and
chlorpropamide was determined in the presence of
displacing drugs using the dynamic dialysis technique
[12]. The volume of the protein solution inside the
dialysis bag was 7 mland that of the external solution
was 250 ml. This technique is unsuitable for use with
¢glibenclamide because the drug is strongly bound to
the membrane and has a very low rate constant for
diffusion across the membrane [11]. Thus to study
binding at the low therapeutically significant levels
of glibenclamide. extended dialysis times plus a large
correction for membrane binding would be necessary.
An equilibrium dialysis technique was therefore used.
Good agreement between the two dialysis techniques
has been reported [13,14]. Studies were carried out
in sterile glass dialysis cells of 5-ml capacity. All dialy-
sis studies were conducted at pH 7.4 in 0.067 M phos-
phate bufler. Binding parameters were calculated as
described previously [14].

To cstimate the effect of a co-solute drug on the
binding of another. two approaches are possible. The
more common is to study the binding in systems con-
taining a fixed total concentration of co-solute. This
has the substantial disadvantage that the binding pro-
file of the drug under consideration is determined un-
der conditions of varying co-solute activity since as
binding of the drug varies binding of the co-solute
also varies. The second approach is to determine the
complete binding profile of the drug while maintain-
ing a constant {rec concentration and thus a constant
displacing effect of the co-solute. Only binding data
obtained in this way is suitable for treatment accord-
ing to the competitive binding equation. This ¢qua-
tion states that for a particular class of identical and
independent binding sites. the apparent association
constant for a drug A, k. in the presence of a com-
petitor B is given by

l\'/\:k\“*"kuD;u) I

where A4 and ky, are association constants for binding
of A and B to protein and Dy is the frec concen-
tration of competitor B.
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In dynamic dialysis procedures this is achieved by
adding a suitable concentration of displacing drug to
the wlbumin solution and the corresponding free con-
centration is maintained in the external compartment.
When samples are removed from the external solution
they are replaced with buffer containing the same co-
solute concentration. As dialysis of the primary drug
oceurs, more co-solute will tend to bind to protem.
Thercfore. co-solute from the farge external solution
may enter the protein compartment. However, the
same free concentration of co-solute should be main-
tained because of the reservorr eflect of the large
external compartment. For tolbutamide, chlorpropa-
mide and the dyvnamic dialvsis procedure. free concen-
trations of displacing drugs never varied by more
than + 2 per cent. Agreement of replicates for several
systems indicated good reproducibility.

It is more difficult to maintain a particular free
co-solute level in cquilibrium dialysis because there
is no reservoir effect. However, in the case of gliben-
clamide. 1t was present in such low concentrations
compared to co-solutes, that litde displacement of co-
solutes occurred. Tt was possible to maintam free con-
centrations of phenyvlbutazone. warfarin and salievlate
to within +5 per cent.

ANALYSIS
Tolbutamide, chlorpropamide and glibenclamide

were estimated as described previously [T, Parace-
tamol. sulphaphenazole. salicyelate. phenylbutazone

Table 1. Binding parameters for the interaction of tolbutumide with albumin at pH 74 and 3
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and wartarin were assuved spectrophotometrically at
24502520299, 268 and 310 nm. respectively. Where
necessary, small absorbance contributions due to tol-
butamide. chlorpropamide and glibenclamide at these
wavelengths were subtracted.

RESULTS

The effect of phenylbutazone, warfarm. sadicylate.
sulphaphenazole and paracetumol on binding con-
stants of tolbutamide to BSA and HSA are shown
in Tablc 1. Significant displacement of tolbutamide
oceurs in the first class of sites but there is httle effect
on the second class. Tt is interesting to note that the
apparent association constant. Ay, with BSA 15 very
similar to that with HSA.

The binding constants for the various displacing
compounds are listed in Table 2. Phenylbutazone. like
tolbutamide, is bound to three primary sites on the
albumin molecule. If these sites are common it might
be expected that binding of tolbutamide in the pres-
ence of phenylbutazone could be described by the
competitive binding equation. Values of the apparent
primary association constants. K. for tolbutamide
were caleulated using the respective binding para-
meters for tolbutamide and phenylbutazone und Eq.
I. (Table 1) These values are seven times greater than
those observed experimentally.

Phenylbutazone cuased  greater  displacement of
chlorpropamide from BSA than warfarin at equival-
ent free concentrations (Table 3. Warfarin and chlor-

1=

in the presence ol

various drugs

Binding purameters tor tolbutamide

Caleulated

Mecan free

IS n. k- 5

Displacing concentration n, .
agent IM < 10%) Albumin M "= 10 %) (M 5«10 ) M [
BSA 298 2482 812 339
HSA 227 2186 N2 171
Phenylbutazone 0.08 BSA 286 102 NOR 321 63
016 BSA 277 0.71 N23 207 430
16 HSA 222 0.63 N7 104 4.3
Warlarin 0.04 BSA 292 23N N.06 a2
0.16 BSA RAN 1.03 N3 39
.10 HSA 225 1.06 N7 I35
Salieylate 3.00 BSA R 091 775 333
Paracetamol 300 BSA 297 7.1 9.04 332
6.00 BSA 2.9% 300 v.72 28N
Sulphaphenavole 0.32 BSA 282 1470 R47 240
0.64 BSA 313 (.58 06 1.75

Table 2. Binding constints for drugs used to displace the sulphonytureas ron serum albumim

37 in 0.67 M phosphate buffer. pH 7.4

k| h

Drug Albumin n, M 110 n (M 10
Phenylbutazone HSA 300 2501 406 {252

BSA AR 2780 4.21 RARN
Warlarin HSA .84 14.71 S.01 [3.20

BSA 2.006 11.36 303 1640
Salievlate HSA .07 2226 sS4 1567

BSA IS 2103 S03 16,72
Sulphaphenazole BSA .02 9.20 S.A0 11.31
Paracetamol 0.97 013 06 0.09

BSA



Displacement from serum albumin by anionic drugs

Table 3. Binding parameters for the interaction of chlorpropamide with BSA at pH 7.4 and 37
warfarin and phenylbutazone

1177

in the presence of

Binding paramecters for chlorpropamide Calculated
Mean free
Displacing concentration n, k, k, k)
agent M x 10* (M " % 10 %) n, M™! x 107 (M x 1079

1.94 4.67 ¥.93 4.14

Warfarin 0.04 2.00 1.92 9.21 288 3.20

0.16 1.94 1.09 9.14 1.86 1.64
Phenylbutazone 0.08 212 0.95 8.95 24
0.16 216 0.46 9.13 142

Table 4. The effect of warfarin. phenylbutazone and salicylate on the interaction of glibenclamide
with HSA at pH 7.4 and 37

Binding parameters for

glibenclamide Calculated
Mean free
Displacing concentration k k
agent M x 10* n M 'x100° M 'x 1077
1.82 7.64
Warfarin 0.11 1.95 5.66 3.02
0.26 1.76 547 1.57
Phenylbutazone 0.11 1.5% 572 2.02
0.24 1.53 4.52 1.11
0.45 1.49 377 0.63
Salicylate 041 1.78 5.90
0.70 1.75 S31
1.53 1.68 4.64

propamide are both bound to two primary sites on
the albumin molecule. However, the calculated values
of k| for chlorpropamide in the presence of warfarin
were again considerably greater than those observed
experimentally (Table 3). A noteworthy point is that
warfarin and phenylbutazone also appear to displace
chlorpropamide from the secondary binding sites.

15 v

Fig. 1. The effect of phenylbutazone and warfarin on the

binding of glibenclamide to 0.5% HSA at 37" in 0.067M

pH 7.4 phosphate butfer. O Glibenclamide alone. Warfarin

Iree concentrations (M x 10%): ¥V 0.1 (..0%; O 0.26

(- - ¥*. Phenylbutazone free concentration (M x 10%): &
011 ( ¥ @ 0.24 (0000)*; X 0.45 (xxxx)*.

* Binding curves predicted from k' values (Table 4) calcu-

lated from Eq. 1.

In contrast displacement of glibenclamide from
HSA by phenylbutazone, warfarin and salicylate is
far less than that predicted by the competitive binding
equation (Table 4. Fig. 1). At the highest phenylbuta-
zone free level (0.45 x 107* M) the association con-
stant was reduced by a factor of only 2 compared
to a 35-fold reduction in Ak, for tolbutamide in the
presence of 0.16 x 107*M free phenylbutazone. Thus

? ghibenclamide is far less susceptible to displacement
2 15 by anionic drugs than tolbutamide and possibly
7 chlorpropamide,

S

= DISCUSSION

&

> 1-0p

The standard competitive equation gives a very
poor estimate of the degree of displacement for the
systems considered here. In the case of tolbutamide
and chlorpropamide displacement is far greater than
that calculated. These drugs [11] and phenylbutazone
[15] appear to bind to serum albumin by ionic forces.
Caleulations which account for electrostatic repulsion
between the albumin molecule and sulphonylurea
anions due to attachment of phenylbutazone anions
produced little improvement in the fit of calculated
data to that observed experimentally.

The possibility that materials may cause non-com-
petitive displacement of drugs from plasma proteins
has been recognized previously [15-17].

The environment around a binding site may facili-
tate hydrogen bond formation or van der Waal's
attraction between drug and protein, contributing to
the free energy of binding through either an enthalpic
or entropic stabilisation [187. If a competitor induced
configurational changes in the albumin molecule thus
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disturbing the favourable environment this could
bring about displacement in addition to that caused
by direct competition for common complexation sites
[15]. The significance of these findings is that the
degree ol displacement cannot always be predicted
directly by consideration of the respective association
constants of the drug and displicing compound.

The displacement of tolbutamide from its primary
sites by warfarin. salicylate, paracetamol and sulpha-
phenazole deserves consideration. These four drugs
are bound to only one or two primary sites (Table
2y but they cause displacement in the three primary
tolbutamide binding sites. Therefore it is diflicult to
explain the displacement i terms of competition for
common sites. It could be argued that competition
oceurs due to overlap of binding sites of the two
drugs.

Warlarin, for example. would then compete for
only two of the three tolbutamide binding sites. How-
ever. the three primary sites for tolbutamide are
apparently still equivalent (Table 1) and the concept
of overlapping sites does not seem to apply.

It has been suggested previously that the tendency
of one drug to displace another depends on its ability
to distort the albumin molecule {197, The mechanism
of displacement may therefore be essentially non-
competitive.

The displacement of ghibenclamide from albumin
by phenylbutazone. warfarin or salicvlate is far less
than that calculated by the competitive binding equa-
tion. (Eq. 1), assuming competition for both binding
sites. This may be related to its mechanism of binding,
Glibenclamide is bound by non-ionic forces whereas
tolbutamide and chlorpropamide appear to be bound
chicfly by ionic forces [11]. In addition anions would
not displace ghibenclumide by increasing the charge
on the albumin molecule. The displacement that does
oceur may be due to an effect of the drugs on tertiary
albumin structure. If this is the case. the effect 1s small
possibly because the sites of attachment are remote
from those of glibenclamide.

Although the binding parameters cannot be used
quantitatively to caleulate displacement. there does
appear to be a rank order correlation between the
binding constants of displacing drugs and the extent
to which they reduce binding of a particular sulphonsl-
urca. For example. phenylbutazone 1s the most
strongly bound compound in Table 2 and appears
1o be the most effective at o given free concentration.
Warfarin is more weakly bound and 1s less effective.

K. I BRown and M. J. CROOKS

The degree of displacement is thercefore still a function
of the number of drug molecules bound even though
the mechanism of displacement may be essentially
non-competitive.

The binding of glibenclamide is relatively  unal-
fected by therapeutic levels of these displacing drugs.
At most the free glibenclanmide level would be dou-
bled. Hence glibenclamide may be a safer drug 1o
use when there is likelihood o concurrent administ-
riation of other drugs. Tt should be emphasized that
the displacing drugs used i this work were all anions.
It is possible that drugs bound by non-ionic forces.
similar to glibenclamide may cause more substantiul
displacement.
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