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Abstract—The binding of Tofizopam enantiomers to human serum albumin has been investigated by
ultrafiltration and affinity chromatography. In solution, Tofizopam molecules exist in two conformations
which slowly interconvert into each other. Both conformers of (R)-Tofizopam have the same binding
constant of 4.8 x 10° M. The binding of the (S)-enantiomer, however, depends on the conformation.
The minor and major (S)-conformers were characterized by association constants of 2.3 x 10° and
15.1 x 10> M, respectively. Thus, the stereoselectivity of binding differs for the two conformations of
the enantiomers. Kinetic parameters for the interconversion of conformations have been determined.
Tofizopam displaces both bound diazepam and warfarin.

Several chiral drugs have been found to exhibit
stereoselective binding to serum proteins [1] indi-
cating the specificity of binding sites. The largest
stereoselectivities have been detected [2-7] for the
binding of 3-substituted 1,4-benzodiazepines to
human serum albumin (HSA). The phenomenon
was interpreted in terms of the inversion of the
diazepine ring which prefers the conformation in
which the C-3-substitutent is found in a pseudo-equa-
torial position.

In this work, we have studied the binding of
1-(3,4-dimethoxyphenyl) -4-methyl-5-ethyl-7,8-di-
methoxy-5H-2,3-benzodiazepine, having a chiral
centre at the C-5 position. The racemic compound
is used as an anxiolytic agent (Tofizopam WHO,
Grandaxin®). Pharmacological tests indicated quan-
titative differences between the enantiomers and
suggested different spectra of their effect [8].
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MATERIALS AND METHODS

The synthesis [9] and resolution [10] of racemic
Tofizopam have already been described. The abso-
lute configuration has been determined [11] by X-
ray analysis, indicating that laevorotatory Tofizopam
is of (S)-absolute configuration. [*H]Diazepam and
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[“C]warfarin with radiochemical purities >97%
were purchased from the Institute of Isotopes,
Budapest, Hungary and The Radiochemical Centre
(Amersham, U.K.), respectively. Lyophilized non-
defatted HSA was obtained from ‘Human’ Serum
and Vaccine Institute, Budapest, Hungary and used
without further purification. Experiments were done
in Ringer buffer (pH 7.4) unless otherwise indicated.

Binding studies with Tofizopam enantiomers were
performed by ultrafiltration using AMICON YM-10
membranes and UV detection (A30=1.62
X 10* M~!/cm). A small degree of non-specific mem-
brane binding as well as the leakage of HSA through
the membrane was taken into consideration. The
buffer contained 1% ethanol.

Competition experiments with diazepam and war-
farin were performed by a method [12] applying
HSA immobilized in polyacrylamide microparticles.
After centrifugation, the concentration of the
radioactive-free drug was measured by liquid scin-
tillation counting of the supernatant. In these experi-
ments 0.005 M phosphate, 0.1 M KCl buffer (pH 7.4)
was used with 2% ethanol content.

Affinity chromatographic studies were carried out
on a column containing HSA (~ 107*M) immobi-
lized on CNBr-activated Sepharose 4B (Pharmacia)
using UV detection. The eluant contained 0.02%
sodium azide. Samples of about 10 ug were applied
in ethanol solution.

RESULTS AND DISCUSSION

Ultrafiltration studies with the enantiomers

Binding data of Tofizopam enantiomers obtained
by ultrafiltration are shown in Scatchard represen-
tation in Fig. 1. It can be seen that (§)-Tofizopam
is bound about twice as strongly as the (R)-enan-
tiomer. The data indicate one primary binding site
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Fig. 1. Binding data of (S)-Tofizopam (0J) and (R)-Tofi-
zopam (O) determined from ultrafiltration experiments
(cusa = 1.5 X 107* M, Crofizopam Varied between 2 X 1075 and
4 x 107*M) and plotted according to Scatchard (r:number
of drug molecules bound per mole HSA; ¢;: concentration
of the free drug). Least-square fit straight lines indicate
one binding site for each enantiomer. The dashed line
represents a theoretical curve calculated for equilibrium
distribution of (§)-Tofizopam conformers; their binding
constants were estimated from HSA-Sepharose chroma-
tography and the conformers were assumed to compete for
the same binding site.

for both antipodes on HSA and values of 9.8 x 10°
and 4.8 x 10°M™! can be given as enantiomeric
association constants.

Displacement experiments

Radioactive markers were used in separate experi-
ments to characterize specific binding sites on HSA,
and their possible involvement in the binding of
Tofizopam enantiomers has been studied. Diazepam
was found [13] to have one specific binding site on
HSA, and this compound can be used [12] as a
marker to study interactions at the ‘benzodiazepine’
binding site. Another important specific binding site
on HSA can be marked by warfarin [12]. The
markers have association constants of similar mag-
nitude towards HSA (about 2 x 10° M~ [12]) much
larger than those of the Tofizopam enantiomers. The
applied concentrations (12 uM for the marker, 15 uM
for HSA) brought about a 50% saturation of the
specific binding site by the marker. Tofizopam
stereoisomers have to be applied in excess (50-
250 uM) to compensate for their lower binding affin-
ities. The enantiomers alone would have produced
20-70% saturation. When applied in the presence
of markers, 10-20% displacement of both markers
occurred, the effect being significantly larger for
(S)-Tofizopam (data not shown). The degree of dis-
placements is in accordance with the association
constants obtained. Though Fig. 1 indicates one pri-
mary binding site for both Tofizopam antipodes,
displacements of the markers suggest that both spe-
cific binding sites of HSA are influenced. It may be
of pharmacological importance for patients receiving
long-term treatment of anticoagulants.
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Affinity chromatography

The chromatographic resolution of racemic Tofi-
zopam on immobilized HSA is shown in Fig. 2. The
appearance of three peaks instead of the expected
two is highly surprising. The chromatograms of the
enantiomers (Fig. 3) reveal that the weakly bound
minor component belongs to (§)-Tofizopam, the
major part of which is more strongly bound. The
(R)-enantiomer, however, can be eluted as one peak,
indicating a somewhat higher affinity than that of
the minor component present in the (§)-enantiomer.

To explain the appearance of the minor compo-
nent, which is about 20% of (8)-Tofizopam and has
a much smaller binding affinity to HSA, we must
take into consideration the fact that Tofizopam mol-
ecules in solution exist in two conformations. NMR
studies [14] have proved that the majority of the
molecules have a conformation where the C-5 ethyl
group is pseudo-equatorial, while in the remaining
molecules this group is pseudo-axial with respect to
the diazepine ring. The conformers differed in ther-
modynamic stability by ~ 4 k]/mole [14]. The acti-
vation enthalpy for the conversion of conformation
(~ 100kJ/mole) has been measured by NMR [10].
The interconversion between the conformers has
also been detected [10] by chiroptical investigation.
After dissolving the resolved enantiomer, the mag-
nitude of optical rotation decreased and, in a day,
reached an equilibrium value. This could be
explained by assuming (1) that Tofizopam molecules
in solid phase practically exist only in one (the more
stable) conformation, and (2) that the energetically
less stable conformer of a Tofizopam enantiomer has
an optical rotation of opposite sign. Consequently,
the labels R(—)-, and S(+)-Tofizopam refer to defi-
nite chemical entities which are minor components
present in solution only, in contrast to R(+)- and
S(—)-structures which denote the vast majority of
Tofizopam molecules in the solid state and indicate
the dominant part of solvated molecules when the
conformation equilibrium settles (Fig. 4). In chlo-

roform 15-85% equilibrium distribution was
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Fig. 2. Chromatographic resolution of racemic Tofizopam
on a HSA-Sepharose column (elution volume for solvent:
17.5 ml).



Binding of Tofizopam to HSA

1919

Absorbance
at 310nm

0.00

) i 1 1

0041

0.00

b.

(R)

1 1 i 1 1 1

0 20 40
Elution

volume

0 20 40 60
(ml)

Fig. 3. Chromatogram of Tofizopam enantiomers on HSA-Sepharose column (elution volume for
solvent: 15 ml).

detected at room temperature [10]. Tofizopam con-
formers could also be separated by reversed-phase
HPLC technique [15].

The identification of the peaks in Fig. 3a as inter-
converting conformers of (S§)-Tofizopam was per-
formed in the following way. Fractions containing
the peaks were separately collected, lyophilized,
dissolved in ethanol and rechromatographed. The
result was similar to Fig. 3a in both cases, i.e. equi-
librium occurred between the conformers.

The kinetics of the interconversion were measured
too. Having dissolved crystalline (S)-Tofizopam in
ethanol, chromatograms were recorded at different

Conformation

times. Figure 5a shows the contribution of the first
peak in the sample. It was observed that immediately
after dissolution, the first peak was practically
absent, but its height increased with time and reached
an equilibrium value corresponding to 22% of the
total material. These data allow us to determine the
equilibrium and rate constants of the process accord-
ing to the following scheme:

k1
A=B 1

k2

K = ki/k; = [B/[A]. (2)

Conformation

MeQ — MeO
MeO MeO
S(-) S(+)
‘——
N\Nsc\Me
R (+) R(-)

Fig. 4. Scheme for conformational interconversion of Tofizopam enantiomers.
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Fig. 5. (a)Time-dependence of the concentration of the minor (S)-Tofizopam conformer, [B], determined

by affinity chromatography. (b) Kinetic data for the conformational interconversion of the Tofizopam

molecule plotted according to equation (3). [B] denotes the equilibrium concentration of the minor

conformer. The slope equals (k; + k;), the sum of rate constants of interconversion for both
directions.

where A and B represent the major and minor con-
formers, respectively. [A] and [B] represent the
actual concentrations at time ¢, while [A] and [B]
are the equilibrium concentrations of the conform-
ers. The kinetic solution of the above scheme is

In [B]/([B] = [B]) = (ki + k2) 1. (3)

Figure 5b demonstrates that the data are in good
accordance with equation (3). The results are shown
in Table 1.

On the basis of elution volumes, the binding affin-
ity for both conformers can be estimated [16]. Com-
pared with the (R)-enantiomer (K% = KB =
4.8 X 10°M™’), the major conformer of the (S)-
enantiomer can be characterized by a 3.14 times
higher binding constant (K*s=1.51x 10*M™),
while this ratio is only 0.48 for the minor conformer
(KPs=2.3x 1®°M™"). The dashed line in Fig. 1
shows the theoretical Scatchard curve for (§)-Tofi-
zopam calculated on the basis of the evaluated K%
KB values, and the equilibrium distribution of the
conformers which are presumed to compete for one
binding site on HSA. There seems to be satisfactory
agreement with the experimental data obtained by
ultrafiltration and referring to equilibrium conformer
composition.

Summarizing the above results, it was found that
(5)-Tofizopam molecules in conformation ‘A’ exhibit
much higher binding affinity to HSA than in con-
formation ‘B’. The preference of conformation ‘A’,
however, does not appear in the binding of the
(R)-enantiomer. The stereoselectivity (ratio of bind-
ing constants of mirror image chemical entitites) is
thus different for the two conformations, giving the
average value of 2.2 for the equilibrium distribution

Table 1. Equilibrium and kinetic parameters for the inter-
conversion of Tofizopam conformers at 25°

K =0.28
k; =0.05hr™!
k,=0.18 hr!
L= 3hr

AG® = 3.2 kJ/mole

(Fig. 1). Hence, Tofizopam is a good model for
indicating the importance of the drug conformation
in the affinity of its binding to HSA.
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