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SUMMARY

The binding of two anthranilic acid derivatives, glafenic and
floctafenic acids, to human erythrocytes and plasma proteins
has been investigated in vitro by equilibrium dialysis. Despite
their close chemical structures it was shown that the binding of
the two compounds to serum albumin, lipoproteins, and eryth-
rocytes was dramatically different both in quality and quantity.
Using various techniques including fluorometry and circular di-
chroism, it was shown that glafenic acid binds to the human

serum albumin (HSA) warfarin/azapropazone site and that floc-
tafenic acid binds to both warfarin/azapropazone and benzodi-
azepine sites. Glafenic acid is strongly bound to HSA with n =
1, k = 2.4 x 10° liters/mol and to erythrocytes with N = 12.4
umolfiiter, K = 1.7 x 108 liters/mol. Floctafenic acid is bound
with a weaker affinity to HSA, n = 2, k = 0.3 X 108 liters/mol
and to erythrocytes, N = 2900 pmol/iiter and K = 0.007 x 10°
liters/mol.

HSA and erythrocytes are known to bind numerous xeno-
biotics. The bound fraction of acidic drugs in plasma is gener-
ally greater than 80% and this binding can be reasonably
ascribed to drug association with HSA. Acidic drugs are com-
monly bound to HSA with binding constants in the range of
10*-10° M~*. The unique properties of this protein are explained
by the presence of at least two discrete binding areas on the
molecule for acidic drugs, named sites I and II (1-3). However,
the possibility that certain acidic drugs could interact with
either erythrocytes or lipoproteins has not been extensively
investigated. Previous studies have shown that certain acidic
drugs could be retained in erythrocytes, but no binding con-
stants, maximal erythrocyte drug sites, or association constant
were derived from the data (4).

Glafenic and floctafenic acids are extensively used analgesic
drugs related to anthranilic acids (Fig. 1). Some reported ad-
verse reactions involving mainly glafenic acid and, to a lesser
extent, floctafenic acid have been a subject of concern (5). Drug
effects are thought to be related to their free concentration in
blood which depends on the drug interaction with plasma
proteins and blood cells. Therefore, we have characterized the
binding of glafenic and floctafenic acids to albumin, erythro-
cytes, and other blood cells and plasma proteins.

This work was supported by grants from Roussel-Uclaf France and Diamant
Laboratories and from la Direction de la Recherche au Ministére de 'Education
Nationale.

Materials and Methods

Human serum albumin. HSA (Sigma A 1887, FFA molar ratio =
0.04) was used, dissolved in phosphate buffer (0.067 mol/liter) at pH
7.4. When pooled human serum was used, HSA concentration was
estimated by the bromocresol green method (6).

Blood and cells. Blood was drawn from the antebrachial vein of
four healthy volunteers and collected in test tubes containing lithium
heparinate; erythrocytes were washed four times with 2.5 volumes of
Ringer’s bicarbonate buffer at pH 7.4. Plasma and buffer were sepa-
rated from blood cells by centrifugation at 1000 X g for 5 min. The
cells were then resuspended in buffer. For lymphocytes, 20 ml of blood
were collected in EDTA-containing tubes and centrifuged on Lympho-
prep density gradient (7, 8). For leukocytes, 20 ml of blood were
collected in EDTA-containing tubes and mixed with 5% Dextran T
500 (Pharmacia) (9). Platelets were obtained from a platelet-rich
plasma (10). For erythrocyte ghosts, 20 ml of blood were collected in
ACD-containing tubes and hemolyzed in 20 mOsm of phosphate buffer
at pH 7.4 (11).

Lipoproteins. Each isolated lipoprotein was obtained by ultracen-
trifugation from pooled normolipidemic human serum. No chylomi-
crons were present. Plasma lipoproteins were isolated by sequential
ultracentrifugal flotation of plasma at increasing density (12). The
purity of each fraction was tested according to the method of Ouchter-
lony and estimated to be greater than 95%. The concentration of each
lipoprotein was measured by Lowry’s method considering that VLDL,
LDL, and HDL protein contents are 10, 20, and 50%, respectively, and
the purity was checked by electrophoresis.

Other proteins. AAG (Behring, purity 99%) and v Gs (Sigma,

ABBREVIATIONS: HSA, human serum albumin; AAG, as-acid glycoprotein; ¥G, y-globulin; HDL, high density lipoproteins; LDL, low density
lipoproteins; VLDL, very low density lipoproteins; EDTA; ethylenediaminetetraacetate.
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Fig. 1. Chemical structures of glafenic acid ar d floctafenic acid. R, = Cl

and R, = H correspond to glafenic acid; R, = and R, = CF3 correspond
to fioctafenic acid.

human Cohn II fraction, purity 99%) were used in phosphate buffer at
pH 7.4. Hemoglobin A, was obtained by DEAE-cellulose chromatog-
raphy (13).

Chemicals. [*H]-(+)-Glafenic acid (18 Ci/mmol) and [*H]-(+)-
floctafenic acid (27 Ci/mmol) were provided by Roussel-Uclaf Labo-
ratories. Their radiochemical purities (98.5%) were assessed by thin
layer chromatography using the following solvent system: chloroform/
methanol/water (85:15:0.9, v/v). Azapropazone, flurbiprofen, and phen-
ylbutazone were provided by Siegfried SA, Boots-Dacourt, and Ciba-
Geigy, respectively. Palmitic acid was purchased from Sigma (P 2010).

Equilibrium dialysis experiments. Drug binding was studied
with equilibrium dialysis for isolated proteins, erythrocytes, and ghosts.
The experiments were carried out at 37°, pH 7.4, for 4 hr under constant
rotation at 20 rpm (Dianorm apparatus). Preliminary distribution
studies showed that an equilibrium between the two sides of the dialysis
membrane was achieved within 3.5 hr. No significant binding to the
dialysis tubing (Visking) or cell walls of the apparatus was observed.
Two- or 0.2-ml dialysis cells were used. Glafenic acid was used at
concentrations of 0.335-335 umol/liter (0.1-100 ug/ml) with a [*H]
glafenic acid concentration of 33.5 nmol/liter. Floctafenic acid was used
at concentrations of 0.3-1480 gmol/liter (0.1-500 ug/ml) with a [°H]
floctafenic acid concentration of 29.5 nmol/liter. At the end of each
experiment, concentrations in each compartment were measured with
a liquid scintillation counter (SL 3000 Inter-Technique Liquid-Scintil-
lation Spectrometer). HSA was used at either 580 umol/liter (40 g/
liter), 10 umol/liter (0.66 g/liter), or 15.2 umol/liter (1 g/liter), and
AAG was used at 20 umol/liter (0.9 g/liter). The following molecular
weights were used: 7.5 X 10° for VLDL, 3.5 x 10° for LDL, and 3 X 10°
for HDL. The concentration of these lipoproteins was 4 g/liter. The y
G concentrations was 14 g/liter and a mean molecular weight of 180,000
was used for the calculations. The hematocrit value was 0.45. The
ghost-protein concentration (method of Lowry) was 2.86 g/liter.

Optical absorption spectroscopy. Absorption spectra were re-
corded at room temperature with a Jobin-Yvon JY 201 spectrophotom-
eter.

Circular dichroism measurements. The spectra were recorded at
room temperature using a Jobin-Yvon Mark III dichrograph equipped
with a Nicolet 1171 signal averager. A rectangular cell with path-length
of 1 cm was used. The absorbance was kept below 1.4 CD is expressed
in terms of the molar dichroism absorbance Ae¢, based on the bound
ligand concentration.

Fluorescence studies. Fluorescence measurements were made at
room temperature in an Aminco SPF 500 spectrofluorometer. The
absorbance was kept below 0.069 to minimize the inner filter effect. A
rectangular cell with path-length of 1 cm was used. Slit widths were
fixed at 5 nm for both emission and excitation.

Direct incubation of blood cells with glafenic and floctafenic
acids. Isotopic dilutions of glafenic or floctafenic acid were added to
whole blood or to a suspension of lymphocytes, leukocytes, or platelets
to achieve final concentrations between 3.35 and 3350 nmol/liter for
glafenic acid and between 2.95 and 2950 nmol/liter for floctafenic acid.
Preliminary distribution studies showed that an equilibrium between
cells and plasma or buffer was achieved within 30 min at 37° and was
constant for a least 3 hr.

Determination of drug binding parameters and characteri-
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zation of their binding sites. The methods and calculations used
have been reported previously elsewhere (14). The binding character-
istics were expressed as follows: n is the number of binding sites per
mole of protein and was used for isolated plasma proteins; N is the
binding site concentration of blood, plasma, and any solution or sus-
pension and was applied particularly to isolated blood cells; K is the
corresponding association constant. The HSA-binding sites were in-
vestigated by fluorescence spectroscopy and CD was investigated by
using specific probes, such as azapropazone and phenylbutazone for
the HSA drug site I or warfarin site, and flurbiprofen for the HSA drug
site II or benzodiazepine site (1-3). The effect of palmitic acid was then
also investigated.

Simulations. The data obtained with a ligand and an inhibitor have
been ascribed to the site-binding model as a phenomenological descrip-
tion of the interaction. The equations describing the binding of a ligand
(L) to an n site model in the presence of a competitor (I) are (15):

: Ku-L

L=k, L+K ], )
" Ki -

I, £t @)

=i§11+KIi'I/+KL5'L/

where the subscripts b and f denote bound and free concentrations, and
K is the association constant for drug (L or I). In a dialysis system,
the mass conservation equations are:

Low=2-L;+ L @)
Iw=2-11+15 (4)

According to the estimated binding parameters for glafenic and floc-
tafenic acid interactions with albumin, the bound concentrations of
ligand and competitor can be calculated from their total concentrations
using Egs. 1-4 by numerical estimation. The numerical approximation
was terminated when the calculated values of Lixa and I;x. were within
1% of the corresponding experimental values.

Results

Equilibrium dialysis studies. Glafenic and floctafenic
acids were found to bind to the same plasma proteins, HSA
and lipoprotein, but with different characteristics (Tables 1
and 2). The main binding protein for the two drugs was HSA;
the corresponding binding processes were found to be quickly
saturable and involved two classes of binding sites. The asso-
ciation constant was dramatically high in the case of glafenic
acid, at least for the first class of sites. The number of available
binding sites was different for the two drugs, whatever the
considered class.

Compared to HSA, the lipoprotein binding was weak al-
though significant. Binding to AAG, G, and apolipoproteins
A and B was negligible. Glafenic acid was shown to inhibit
significantly the HSA binding of floctafenic acid (Fig. 2A).
Separate analysis of each set of binding data provided the
following estimates: no inhibitor, n, = 2.2 + 0.3, K; = 0.45 +
0.17 liter/umol, n, = 6.9 + 0.7, K; = 0.005 £ 0.001 liter/umol;
plus 15 uM glafenic acid, n, = 2.3 + 0.4, K; = 0.15 + 0.02 liter/
pmol, n, = 7.1 £ 0.5, K; = 0.005 + 0.001 liter/umol; plus 60 zM
glafenic acid, n, = 2.4 + 0.5, K; = 0.04 + 0.01 liter/umol, n, =
7.5 £ 1.0, K, = 0.003 £ 0.001 liter/umol. Obviously, the inhi-
bition involves a net decrease in the K values whereas the n
values are not decreased or are slightly modified. The binding
isotherms of floctafenic acid in the absence or presence of 15
and 60 umol/liter of glafenic acid were simultaneously analyzed
assuming either a competitive or a noncompetitive model of
inhibition. The competitive model was chosen, since it provided
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TABLE 1

Binding parameters of glafenic and floctafenic acids to HSA, lipoproteins, erythrocytes, and ghosts

n, N, and K values are the mean (+ standard deviation) of five determinations. For erythrocytes, the binding parameters
The binding parameters to HSA are derived from the simuitaneous analysis of data according to the competitive model that was chosen. No other blood proteins or cels

but those included in the tabile bind the two drugs to a significant extent.

reported are those of the first, saturable process.

. Giafenic acid Floctafenic acid
n Kx107%u™" n Kx107%u"
HSA
First class 1.10 £ 0.01 2.36 £ 0.37 210+ 0.27 0.317 £ 0.042
Second class 3.40 + 0.01 0.052 + 0.004 6.94 + 0.43 0.012 £+ 0.002
HDL 440+ 0.85 0.11 £ 0.03 1542 + 0.72 0.0213 £ 0.0012
LDL 235+19 0.021 + 0.003 1479 £ 149 0.0057 + 0.0011
VLDL 76107 0.58 + 0.06 8.54 + 1.36 0.949 + 0.188
N (um) Kx 108w N (um) Kx10%u
Erythrocytes 124 +17 1.72 £ 0.22 9.59 +2.24 1.090 + 0.245
Ghosts 137107 0.171 £ 0.010 170+ 0.6 0.1504 + 0.0092
TABLE 2
Lipoprotein total binding constants (nK) and partition coefficients of
the two drugs
nK (X 107 liters/mol) 120 L A
HDL (lipid content = 50%) 0.328 0.484
LDL (lipid content = 80%) 0.843 0.493
VLDL (lipid content = 90%) 8.104 4.408
Partition coefficient® 61 45

* Partition coefficients were determined using octanol/phosphate buffer, pH =
7.4 at room temperature.

the smallest residual sum of squares. Conversly, the inhibition
of glafenic acid binding to 7.5 uM HSA by floctafenic acid could
also be ascribed to a competitive model (Fig. 2B). Obviously,
addition of 10 uM floctafenic acid involved a net decrease in
the association constants of glafenic acid to HSA, n, = 1.2 +
0.2, K, = 1.2 £ 0.3 liters/umol, n, = 3.4 +£ 0.2, K, = 0.04 = 0.01

liter/umol versus values without inhibitor, n, =1 0.2, K, = 2.4 -

+ 0.5 liters/umol, n, = 3.2 + 0.2, K; = 0.06 + 0.02 liter/umol.
Surprisingly, when the floctafenic acid concentration was 40
uM, glafenic acid binding to HSA could not be ascribed any
more to two classes of binding sites. Then, the binding was
ascribed to a single class of sites with n = 4.0 + 0.1 and K =
0.06 + 0.02 liter/umol. This result may be reasonably inter-
preted as follows: the apparent association constant of the first
class of sites is diminished to a value close to the association
constant of the second class of sites, so that two distinct classes
could not be derived from the binding data. Moreover, the
simultaneous analysis of the binding data in the absence and
presence of floctafenic acid showed that the competitive model
(n value is fixed, K values may vary) leads to the smallest
residual sum of squares.

Interactions with erythrocytes. In response to the pro-
tein binding profile, erythrocytes were the only blood cells that
bound glafenic and floctafenic acids (Fig. 3, Table 1). No
binding was observed with leukocytes, lymphocytes, and plate-
lets except for floctafenic acid that bound to platelets in a
saturable process with very few sites (N = 44.09 + 9.26 nmol/
liter, K = 16.1 + 5.5 X 10° liters/mol). Glafenic acid bound to
erythrocytes following two saturable processes whereas flocta-
fenic acid exhibited only one saturable process with a much
weaker affinity. The ghosts contributed to this binding whereas
hemoglobin A, binding was found to be negligible.

Blood distribution of the drugs. According to a mathe-

Bound floctatenic acid (uM)
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Fig. 2. A. Displacement of floctafenic acid (A) from HSA by glafenic acid,
15 umol/liter (M) and 60 umol/liter (®). B. Displacement of glafenic acid
(A) from HSA by floctafenic acid, 10 umol/liter () and 40 umol/iiter (@).
Data were obtained over a broad concentration range of ligand (1-500
ug/mi). HSA concentration was 15 umol/iiter. Glafenic acid displaced the
ligand but the percentage of bound ligand varied only for the lowest
concentrations since it was 91.6-28.7 for ligand at 1 and 500 ug/mi and
then became 88.5-28.5 with glafenic acid at 15 umoi/iiter, and 77-27.5
with glafenic acid at 60 umol/liter as inhibitor. Insets, Scatchard plots.
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Fig. 3. Binding of glafenic acid (A), saturable plus nonsaturable, and of
floctafenic acid (B), saturabile, to erythrocytes (Ht = 0.4). Inset, Scatchard
plots.
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Fig. 4. Simulated distribution of glafenic and floctafenic acids between
HSA, lipoproteins (Lp), and erythrocytes. HSA is the major binding
structure. Erythrocytes are the only cells to which the drugs bind signif-
icantly. Membranes are a main binding structure of erythrocytes. O,
floctafenic acid. fu is the free remaining fraction of each drug.
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matic model previously described (14), we have simulated the
distribution of the drugs between the various proteins and blood
cells (Fig. 4). It is clear that HSA for proteins and erythrocytes
for blood cells are the two major remaining binding structures.
Free blood concentration of drugs accounts for about 1%.

CD studies. Glafenic and floctafenic acids are not chiral.
The CD difference spectra of the complexes between HSA and
glafenic or floctafenic acid are depicted in Fig. 5, A and B. In
both cases, new CD bands are generated in the wavelength
regions where the ligands exhibit absorption bands (spectra not
shown). Several features of these spectra are noteworthy. The
CD difference spectrum of the glafenic acid-HSA complex
consists of a CD doublet including a.positive component at 360
nm and a negative one at 315 nm, and of a negative CD band
at 265 nm. The CD difference spectrum of the floctafenic acid-
HSA complex has a roughly symmetrical pattern relative to

1 1 1 1 1
260 280 300 320 340 360 380

A am

I
260 280

L 1  — s 1
300 320 340 360 310
X nm

Fig. 5. Difference CD spectra of glafenic acid-HSA (A) and floctafenic
acid-HSA (B) at drug/HSA molar ratios of 1:1 (A) and 2:1 (V) after
subtraction of the HSA spectrum, and difference CD spectra obtained in
thepresenceoﬂhefolowhgbhdhgsneprobes(---).azapropazone
@) or flurbiprofen (O), after subtraction of the contribution of each
corresponding probe-HSA spectrum. Themdarranoofdrug/probe/HSA
was 1:1:1. Experimental conditions were: HSA, 15 umoi/liter in phos-
phate buffer; cell path-length, 1 cm; scabsetﬁng2x10'°mm" room

spectra could not be satisfactorily determined.
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Fig. 6. Ligand-induced changes in fluorescence of glafenic and floctafenic
acids bound to HSA. The fluorescence of solution containing 10 umol/
liter HSA and 10 umolfiiter glafenic or floctafenic acid in phosphate buffer,
pH 7.4, was measured before and after the addition of ligands. Fluores-
cence was measured at 425 or 450 nm with excitation at 350 or 365 nm
for glafenic and floctafenic acids, respectively. No significant variation of
the optical density occurred at any of these wavelengths during the
titration by the ligands. The ligands used were: azapropazone (H);
phenyibutazone (4); flurbiprofen (A); paimitic acid (@).

that of the glafenic acid-HSA complex, thus suggesting quali-
tative differences in the respective HSA drug binding.

To locate the glafenic and floctafenic acid-binding sites, two
drugs, azapropazone and flurbiprofen were used as probes of
sites I and II. Their association constants are high, in the range
of 10° liters/mol. Evidently, flurbiprofen does not affect signif-
icantly the CD spectrum obtained from the binding of glafenic
acid to HSA, whereas azapropazone involves a fair decrease in
the amplitude of the CD bands (Fig. 5A). Thus, one may assume
that glafenic acid shares its primary high affinity binding site
with azapropazone.

The effects of the two probes on the CD spectrum of flocta-
fenic acid are more complex (Fig. 5B). It is obvious that the
CD bands induced by floctafenic acid at equimolar amounts
relative to HSA are enhanced by azapropazone. By contrast, in
the presence of flurbiprofen, CD bands of opposite signs and
smaller amplitude are induced by floctafenic acid at equimolar
amounts relative to HSA. These results may be interpreted as
follows: the primary floctafenic acid-binding site is that of
flurbiprofen (site II) since the CD bands are blocked in the
presence of flurbiprofen; the small CD bands of opposite sign
that are then produced are probably induced by the binding of
floctafenic acid to a secondary binding site. Thus, the CD bands
obtained from the binding of floctafenic acid to HSA result
from the addition of two CD spectra of opposite signs induced
by the occupation of two distinct binding sites. Accordingly,
the blockade of the secondary binding site should induce an
increase in the amplitude of the resulting CD spectrum, both
by blocking the opposite CD contribution of this site and by
increasing the concentration of floctafenic acid to the primary
site, as is observed in the presence of azapropazone. Moreover,
the binding of floctafenic acid to its secondary binding site (in
the presence of flurbiprofen) induces a CD spectrum that
resembles the CD spectrum induced by the binding of glafenic
acid.

Fluorescence studies. Mixtures of glafenic or floctafenic
acid and HSA excited at 350 or 365 nm emit light at 425 or 450
nm (spectra not shown), whereas glafenic or floctafenic acid
does not exhibit fluorescence in the free state in buffer at these
wavelengths.

Fig. 6 shows the effects of binding site probes and palmitic
acid on the fluorescence of glafenic and floctafenic acids. Phen-
ylbutazone and azapropazone caused a marked displacement of
glafenic acid, whereas their effect on the HSA-bound floctafenic
acid fluorescence was much less evident. By contrast, flurbipro-
fen did not change significantly the HSA-bound glafenic acid
fluorescence but involved a net decrease in the floctafenic acid
fluorescence. These results support the above observations on
the location of glafenic and floctafenic acid-binding sites. More-
over, the HSA-bound glafenic acid fluorescence is increased to
a 5:1 ratio of palmitic acid to HSA, whereas the fluorescence of
floctafenic acid is decreased.

Simulations of drug displacement interactions. Accord-
ing to the dialysis and optical experiments, the binding of
glafenic and floctafenic acid to HSA could be ascribed to the
following model: the two drugs bind to one common high
affinity site, floctafenic acid binds to one supplementary and
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Bound floctafenic acid (computed)
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Bound floctafenic acid (measured)
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Fig. 7. Plot of simulated versus measured concentrations of bound
ligand. Simulated concentrations are derived from Egs. 1-4 according to
the binding site model defined in Resuits. A. Bound concentrations of
floctafenic acid in the presence of 15 (lll) and 60 (A) um glafenic acid; B,
bound concentration of glafenic acid in the presence of 10 () and 40
(A) um floctafenic acid.
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distinct binding site of comparable affinity, the two drugs share
at least three (3.4) binding sites of weaker affinity, and flocta-
fenic acid binds to three (3.6) supplementary and distinct
binding sites of weak affinity.

Simulated bound drug concentrations were calculated by
using Eqs. 1-4 and are presented as a function of measured
concentration of bound drug (Fig. 7, A and B). The calculated
values agree closely with the experimental data at low ligand
values. However, we observe a systematic deviation from the
theoretical line at higher ligand values.

Discussion

Characteristics of HSA binding of the two drugs. Gla-
fenic and floctafenic acids are mainly bound to HSA, the
binding process being quickly saturable and involving two
classes of binding sites. These results are in agreement with
current knowledge about HSA binding of acidic drugs (16, 17)
but, in this case, raise several questions.

The first question comes from the apparently discrepant
results of equilibrium dialysis: the calculation of binding param-
eters fits with one and two main binding sites for glafenic and
floctafenic acids, respectively, whereas displacement studies
strongly suggest competitive mechanisms, i.e., common sites.
Therefore, CD and fluorescence studies were performed to
examine in greater detail the possibility of common sites. The
two drugs interact with HSA in such a way that large amplitude
CD bands are generated. The mechanisms to be considered as
the source of these new CD bands have been discussed in detail
by Strickland (18). Two main mechanisms were considered by
Hood et al. (19) for CD bands of this size: (a) immobilization
of a chromophore within the molecule in a stable chiral confor-
mation with CD generated by an intermolecular polarizability
mechanism localized essentially within the chromophoric li-
gand, and (b) interaction of amino acid residues with the
chromophores of the ligand, including the possibility of cou-
pling between the strongly allowed electronic transitions of the
chromophore and those of nearby amino acids.

Both mechanisms can contribute simultaneously, although
not necessarily additively. Since the absorption bands of HSA
and the two ligands overlap in the near UV range, the CD band
around 265 nm originating from the interaction of HSA with
one of these ligands cannot be interpreted in terms of HSA
conformational changes.

The specificity of at least two binding sites on HSA, namely
the azapropazone/warfarin site, or site I, and the benzodiaze-
pine site, or site II (1-3), is now well documented for anionic
drugs. Azapropazone and flurbiprofen are bound to just their
primary site, I and II, respectively, when present in equimolar
amounts relative to HSA (20). Evidently, the structure of the
different binding sites of a macromolecule varies from one site
to another. Thus the interaction of different sites with a ligand
will lead to qualitative and quantitative differences in the
binding. The asymmetric conformation of the site around the
chromophore will be different, which may generate different
extrinsic Cotton effects, as previously shown for indomethacin
(21). In the present study, we have shown that specific binding
site probes modified or blocked the amplitude of the specific
Cotton effects generated by the interaction of glafenic and
floctafenic acids with HSA, and it was concluded that glafenic
acid was primarily bound to HSA drug site I and floctafenic
acid to both site I and site II on HSA. Glafenic and floctafenic
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acids induced comparable CD spectra when bound to their
common site (HSA site I), whereas floctafenic acid bound to
HSA site II produced a CD spectrum of opposite signs. Since
the patterns of the difference CD spectra produced by the
interaction of the anthranilic acids with HSA were not altered
(only the amplitudes were), it is unlikely that significant con-
formational changes of the HSA molecule would have occurred
in the presence of the probes.

Glafenic and floctafenic acids exhibit fluorescence in an
aqueous solution only when bound to HSA, suggesting that the
binding site of these drugs is situated in a hydrophobic area of
the protein with limited access to solvent molecules around the
binding region (22). Also, the studies on displacement of the
HSA-bound anthranilic acid fluorescence by specific probes
supported the previous binding site location from the CD
studies. The effect of palmitic acid on the fluorescence of the
bound drugs is also very suggestive of the sites involved in the
binding. Sudlow et al. (1) showed that the fluorescence of
markers bound to the HSA site I was enhanced by the presence
of stearic acid, as observed for glafenic acid, whereas the
fluorescence of markers bound to the HSA site II was generally
decreased, as occurred for floctafenic acid. This last observation
suggests that the primary binding site of floctafenic acid is
HSA site I1, the secondary binding site being HSA site I. Indeed,
if HSA site I had been the primary site of floctafenic acid (at
equimolar amounts relative to HSA, floctafenic acid is only
bound to its primary site), palmitic acid would have enhanced
its fluorescence.

From these results, we may reasonably conclude that the two
drugs share one common HSA-binding site, namely, site I, and
that floctafenic acid binds also to site II. This last characteristic
was recently described for ethacrynic acid by Fehske and Muller
(23). It is also tempting to speculate about the acidic drugs
previously reported to have two main HSA-binding sites with-
out further site identification (24): they bind perhaps simulta-
neously to the two classical sites I and II.

Another remaining problem now is to acertain the compati-
bility of this conclusion with the previous binding displacement
studies. The analysis of binding data obtained by dialysis
experiments according to our binding site model for the two
drugs (see simulation, Fig. 7, A and B) indicates that the
displacement may be considered as a purely competitive phe-
nomenon at low ligand level, involving the common sites.
However, the situation is more complicated at high ligand
concentrations, where both competitive and noncompetitive
interactions, as well as the possibility of coupling between
distinct binding sites, may occur (1, 25, 26).

A more general question is to ask whether a simpler way
might lead to the same conclusions. It includes both methodo-
logical and calculation choices. Considering our first goal, the
localization of high affinity sites by equilibrium dialysis is
obviously of limited value as compared to optical methods. But
these need appropriate signals brought only by selected struc-
tures and, thus, not of general value. Regarding calculation
methods, it might also be possible to analyze the results ac-
cording to the stoichiometric model proposed by Honoré and
Brodersen (27) to determine whether such a model could dis-
criminate the two main affinities of floctafenic acid. These
questions are still open.

Binding to the other plasma proteins. The two drugs do
not bind to AAG to a significant extent. Despite the fact that
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some acidic drugs do so and that the relevant bond is mainly
hydrophobic, it may be related to their free carboxylic groups,
which impair such binding (28). In contrast, the binding to
lipoproteins was unexpected. Since the fundamental paper of
Vallner and Chen (29), only cationic drugs were thought to be
bound to lipoproteins. However, in our experiments we found
significant binding to the three lipoprotein fractions; the acidic
drug diclofenac has also been recently reported to interact with
these macromolecules (30). As apolipoproteins A and B do not
bind the drugs, a solubilization in the lipid core of the lipopro-
teins seems likely to occur, as it was previously observed for
basic drugs, providing their partition coefficients were rather
high (12, 14). Accordingly, the total binding constant nK in-
creases for each drug with the lipid content of the lipoprotein
(Table 2).

Binding to erythrocytes and platelets. The erythrocyte
binding of the two drugs was unexpected. As erythrocyte intra-
cellular pH is about 7.20, cationic drug penetration inside the
cell is more likely to occur than that of acidic.drugs.

The erythrocyte binding of glafenic acid is qualitatively and
quantitatively different from that of floctafenic acid. Glafenic
acid exhibited a high affinity binding to erythrocytes, whereas
that of floctafenic acid was found to be very low. Such a result
was not expected since their chemical structures are closely
related: it may suggest a certain degree of specificity for glafenic
acid.

Such binding of drugs to erythrocytes has already been
described and recently reviewed by Ehrnebo (31). Three major
components may be involved: hemoglobin, carbonic anhydrase,
and the cell membrane. As no binding to the last two compo-
nents was observed, binding to the cell membrane is likely to
occur. However, the fact that the association constant decreases
dramatically from the total erythrocyte to the relevant ghost
suggests that a binding factor exists in the intact cell and is
lost during the ghost preparation.

The binding of floctafenic acid to platelets exhibited a sur-
prisingly high affinity but associated with a very low concen-
tration of sites. It is thus of no quantitative significance,
whereas a possible qualitative significance is still unclear.
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