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Abstract

The retention of a non-steroidal anti-inflammatory drug (NSAID), i.e. nimesulide, in high performance liquid
chromatography (HPLC) was investigated using a phenyl bond silica column and pB-cyclodextrin (B-CD) or
hydroxypropyl-p-cyclodextrin (HP-B-CD) as mobile phase additive (0—10 mM). Such a study was carried out in order
to determine the most efficient cyclodextrin as a potential drug complexing agent for a future application in
pharmaceutical formulation. Assuming a 1:1 stoichiometry, the association constants (K) were calculated from the
chromatographic data. At a column temperature of 25 °C and in a highly aqueous medium (98% phosphate
buffer-2% methanol (v/v)), K was equal to 523 and 1285 M ~! for the nimesulide-B-CD and nimesulide HP-B-CD
complexes, respectively. These results were consistent with the data reported previously using phase solubility studies
and UV spectrophotometry. As well, the thermodynamic parameters of the inclusion complexes were determined
from linear van’t Hoff plots for the two inclusion complexes. From the enthalpy and entropy changes, it appeared
that nimesulide interact more strongly with HP-B-CD due to a significant hydrophobic effect between the compound
and the flexible hydroxypropyl groups. © 2002 Elsevier Science B.V. All rights reserved.
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of drugs [1-6]. Various methods have been used
to determine the association constants between
cyclodextrin and drugs. UV-visible absorption,

1. Introduction

Several reports have shown the utility of the use

of native or modified B-cyclodextrin in pharma-
ceutical formulation to improve the bioavailibility
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NMR, potentiometry fluorescence measurements,
capillary electrophoresis and calorimetry have
been described [7-11]. Chromatographic experi-
ments have also been previously carried out for
the determination of the apparent association
constant of various drugs with both native or
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derivatized cyclodextrins [12—16]. The retention
behavior of solute in high performance liquid
chromatography (HPLC) is based on the parti-
tioning of the solute between the mobile and the
stationary phases. When cyclodextrin is added to
the mobile phase, solute retention is split into two
main physicochemical processes, i.e. solute com-
plexation by cyclodextrin and transfer of free (i.e.
uncomplexed) solute from the mobile to the sta-
tionary phase. The association constant K be-
tween compound and cyclodextrin can be
determined using the well known equation [12-
16]:

11 +K[CD]X
k k, ko

where k is the solute retention factor, k, the solute
retention factor without cyclodextrin in the mo-
bile phase, [CD] the cyclodextrin concentration
and x the stoichiometry of the complex. For an
inclusion complex with a 1:1 stoichiometry (x =
1), a linear plot of 1/k versus [CD] must be
obtained and the K value calculated.

Nimesulide  (4-nitro-2-phenoxymethanesulfo-
nanilide, see Fig. 1) is a non-steroidal anti-inflam-
matory drug (NSAID). It is characterised by its
capacity to inhibit selectively the cyclo-oxygenase-
2 and block the synthesis of platelet activating
factors and tumour necrosis factor. As well, it
seems that this drug causes less severe gastrointes-
tinal side effects compared with the other
NSAIDs. However, its poor aqueous solubility
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Fig. 1. Plots of 1/k vs. B-CD concentration and B-HPCD
concentration (assuming 1:1 stoichiometry) for nimesulide at a
column temperature equal to 40 °C. Stationary phase: phenyl
silica gel; Mobile phase: mixture of phosphate buffer (50 mM)
pH 7.7-methanol: 98-2 (v/v).

poses bioavailability problems in vivo [17]. This
could be overcome by the formation of inclusion
complexes with cyclodextrins. Three previous re-
ports, based on phase solubility studies [18—20]
and UV spectrophotometry-based method [20],
have been carried out in order to determine the
stoichiometry and the apparent association con-
stant of nimesulide-B-cyclodextrin complex.

The aim of this paper was to investigate the
stoichiometry and the association constants for
the complexes between nimesulide and native (B-
CD) or modified (hydroxypropyl: HP-B-CD) B-cy-
clodextrin using a chromatographic approach.
This was done by using a phenyl silica gel as
stationary phase and cyclodextrins as mobile
phase additives. The association constant data
were compared to the values previously deter-
mined by phase solubility studies and UV spec-
trophotometric ~ method. As  well, the
thermodynamic parameters, extracted from van’t
Hoff plots, were analysed in order to gain further
information about the association mechanism.

2. Experimental
2.1. Apparatus

The HPLC system consisted of a LC Shimadzu
pump 10AT (Touzart et Matignon, Courtaboeuf,
France), a Rheodyne injection valve model 7125
(Interchim, Montlugon, France) fitted with a 20-ul
sample loop, a Shimadzu SPD-10A UV-vis de-
tector. A Nucleosil 250 mm x4 mm phenyl
column (7 pm, particle size) supplied by Mach-
erey—Nagel (Dueren, Germany) was used with
controlled temperature in an Interchim Igloocil
oven (Montlugon, France). The mobile phase rate
was set at 0.8 ml min~! and the wavelength at
240 nm.

2.2. Reagents

Nimesulide was provided from Sigma-—Aldrich
(Saint Quentin Fallavier, France). Stock standard
solutions of nimesulide in methanol (0.85 mg/ml)
were prepared and stored at 4 °C. The cyclodex-
trins B-CD and HP-B-CD were provided from



C. Ravelet et al. /J. Pharm. Biomed. Anal. 29 (2002) 425-430 427

Roquette (Lestrem, France). Sodium hydrogen
phosphate and sodium dihydrogen phosphate
were purchased from Carlo Erba Reactifs (Val de
Reuil, France). LC-purity methanol was analytical
reagent (SDS, Villeurbanne, France). LC grade
high quality water was obtained from Stillplus HP
system (Oxon, UK). The potassium iodide (RP
grade, Merck Germany) was used to determine the
void volume of the column.

2.3. Chromatographic conditions

The mobile phase consisted of a mixture of
phosphate buffer (50 mM) pH 7.7—-methanol: 98-2
(v/v) with various B-CD and HP-B-CD concentra-
tions (0; 0.5; 2.5; 5, 7.5 and 10 mM). Twenty
microliters of each solute were injected in triplicate
and the retention times measured. All the experi-
ments were repeated three times for each tempera-
ture and for each cyclodextrin concentration.

2.4. Temperature studies

The retention factor was determined at the
following temperatures: 25, 30, 35 and 40 °C. The
chromatographic system was allowed to equili-
brate for at least 1 h prior to each experiment.
AH°® and AS° are, respectively, the standard en-
thalpy and entropy of transfer of the nimesulide
from the mobile phase to the cyclodextrin. These
energies can be calculated using the following
thermodynamic relationships as previously de-
scribed [21,22]:

— AH? AS°

RT + R
where T is the temperature and R the gas constant.
For a linear plot of In K versus 1/7, the slope and
intercept are respectively — AH°/R and AS°/R.

InK =

3. Results and discussion

3.1. Chromatographic determination of the
apparent association constants for the
nimesulide—cyclodextrin complexes and
comparison with the literature data

In order to calculate the association constant in

a highly aqueous media (98% of aqueous phase),
the chromatographic experiments were carried out
using a phenyl silica gel as stationary phase. The
use of a relatively weak apolar stationary phase
allowed the determination of the ‘pure’ apparent
formation constants of nimesulide, i.e. without the
use of significant amount of a organic modifier in
the mobile phase. A similar approach has been
recently reported for the determination of inclu-
sion constants between very apolar compounds
(PAHs) and various cyclodextrins [22].

Using the solute retention time and the void
time, the k values were determined for all the
cyclodextrin concentrations at temperatures of 25,
30, 35 and 40 °C. The coefficients of variation of
the k values were < 0.5%, indicating a high repro-
ducibility and a good stability for the chromato-
graphic system. The 1/k versus [B-CD] and 1/k
versus [HP-B-CD] plots were determined and the
values of the linear regression coefficients R were
calculated. The R values are higher than 0.969 in
all cases. For example, Fig. 1 shows the two plots
for a column temperature equal to 40 °C. The
values of apparent association constants are pre-
sented in Table 1 for the various column tempera-
tures. From the R values, it appears clearly that
the behavior of nimesulide is well described by the
model assuming a 1:1 stoichiometry for the two
complex types. This is consistent with the results
of Chowdary et al. [18], Vavia et al. [19] and Miro
et al [20] who have shown by phase solubility
studies that nimesulide forms with B-CD and
HP-B-CD a 1:1 stoichiometry complex. Moreover,
this 1:1 stoichiometry is classically described for
the formation of NSAID-cyclodextrin complexes
[23-26]. The K value between nimesulide and
B-CD, calculated from the chromatographic ex-
periment, is higher than the association constant
determined by Chowdary et al. [18] and Vavia et
al. [19] (Table 1). In these phase solubility studies,
the operating conditions, i.e. pH, ionic strength,
temperature, are not provided by the authors and
then, the comparison with our data is not signifi-
cant. On the other hand, our K value agrees very
well with the data from Miro et al. [20] (523
versus 533 M~ 1!/574 M~ at 25 °C) who have
performed their experiment in operating condi-
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Table 1

Apparent association constants K between nimesulide and B-CD or HP-B-CD determined by chromatographic procedure at various

column temperatures and comparison with the literature data

Methods Chromatographic experiments Phase solubility studies uv

References Present study [18] [19] [20] [20]

Solution PB? 50 mM-methanol 98/2 (v/v), pH 7.7 na® na Water PB 100 mM, pH 7.0
Temperature (°C) 25 30 35 40 na na 25 25

K (B-CD) M~ 523 461 385 355 156 94 533 574

K (HP-B-CD) (M) 1285 1159 1092 1060 - 123 — -

4 PB: phosphate buffer.
b Not available.

tions similar to our chromatographic conditions
(Table 1). Such an observation shows the reliabil-
ity of the high performance liquid chromato-
graphic method for the evaluation of the
association constant and stoichiometry between
nimesulide and cyclodextrin. The apparent associ-
ation constant value obtained for the nimesulide-
B-CD complex is in the same order of magnitude
than the association constants obtained between
cyclodextrins and other NSAIDs. For example,
the K values (at 25 °C) determined by capillay
electrophoresis [23], UV spectrophotometry [24]
or phase solubility analysis [25,26] are equal to
325 M ~! for fenoprofen-p-CD at pH 7.1 [23], 340
M ~! for sulindac-B-CD association at pH 2 [24],
1280 M ~! for ibuprofen-p-CD at pH 7.1 [23],
1702 M~ ! for naproxen-B-CD at pH ~ 5 [25] and
4340 M ! for flurbiprofen-p-CD at pH ~ 5 [26].
As shown in Table 1, the association constant for
the nimesulide-HP-B-CD complex is higher than
the K value for the nimesulide-B-CD association.
This is qualitatively in accordance with a previous
study [19] which has shown that HP-B-CD is able
to interact more strongly with nimesulide than
B-CD (Table 1). Similar behaviors have been de-
scribed by Bettinetti et al. for the naproxen-HP-§3-
CD or naproxen-hydroxyethyl-B-CD complexes
[25] and Uekama et al. for the flurbiprofen-
methyl-B-CD complex [26]. When the native cy-
clodextrin is replaced by the modified
cyclodextrins, the apparent association constant
values are enhanced from 1702 to 2581 or 6892
M~-! (for the naproxen—cyclodextrin associa-

tions) and from 4340 to 10060 M ~—! (for the
flurbiprofen—cyclodextrin associations).

3.2. Thermodynamic parameters for the
nimesulide—cyclodextrin complexes

In order to gain information about the mecha-
nistic aspect of the difference in the solute affinity
for B-CD and HP-B-CD, the thermodynamic
parameters were obtained from van’t Hoff plots.
The In K versus 1/T plots were obtained for the
two cyclodextrins. Linear van’t Hoff plots were
obtained with correlation coefficient higher than
0.971. Fig. 2 shows the van’t Hoff plots corre-
sponding to the two inclusion complexes. AH®
and AS° for the two complexes are presented in
Table 2 with the corresponding Gibbs free energy
AG® at 25 °C. A strong difference is observed
between the B-CD and HP-B-CD complexes in
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Fig. 2. van’t Hoff plots (In K vs. 1/T) for nimesulide-pB-CD or
nimesulide-B-HPCD associations. Stationary phase: phenyl sil-
ica gel; Mobile phase: mixture of phosphate buffer (50 mM)
pH 7.7-methanol: 98-2 (v-v).
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Table 2

Thermodynamic parameters AH®, AS°® and AG® (at 25 °C) for the associations between nimesulide and B-CD or HP-B-CD*

NSAID-CD complexes AH® (kJ/mol)

AS® (kJ/mol K) AG® (kJ/mol)

Nimesulide-B-CD —20.8
Nimesulide-HP--CD -99
Naproxen-HP-B-CDP —17.2
Naproxen-ME-B-CDP —11.5
Naproxen-HE-B-CD® —8.7
Flurbiprofen-ME-B-CD¢ —15.0

—-17.9 —15.5
+26.1 —17.7
+7.6 —19.5
+35.1 -21.9
+34.5 —19.0
+24.7 —224

# Comparison with thermodynamic data for various NSAID-modified cyclodextrin complexes.

b Ref. [25]; ME, methyl; HE, hydroxyethyl.
¢ Ref. [26].

terms of enthalpic and entropic parameters. For
the nimesulide-B-CD complex, the enthalpic and
entropic terms are both negative demonstrating
that the association is only enthalpically driven.
The formation of an inclusion complex with cy-
clodextrin is classically caused by interactions
such as hydrogen bonding with the OH groups at
the periphery of the cavity, van der Waals interac-
tions and hydrophobic effect [27]. In most cases,
the solute inclusion in the cyclodextrin cavity is
associated to large negative values of AH® and
AS® [14,28,29]. The enthalpic term value for nime-
sulide complexation by B-CD is interpreted as
indicating that the binding forces included strong
van der Waals—London dispersion interactions.
This is associated to a negative value of AS®
related to the apparent low degrees of freedom of
the solute included in the rigid cyclodextrin cav-
ity. On the other hand, for the nimesulide-HP-j-
CD complex, AH® exhibits a weak negative value
while AS® has a positive value. This demonstrates
that the association phenomenon is both enthalpi-
cally and entropically driven. At 25 °C, the con-
tributions of the enthalpic and entropic terms to
the Gibbs free energy are roughly identical, i.e.
56% for AH® and 44% for TAS°. These thermo-
dynamic parameters suggest that the nimesulide-
B-HPCD association is dependent on the
hydrophobic effect. Water molecules in contact
with non-polar species adopt an ordered organisa-
tion. The release of water molecules when a solute
is transferred from a polar to a nonpolar bulk
phase results in an entropy increase (AS° > 0)
associated to a weak negative value of AH® [30].

It is expected that the increase in the solute
affinity for HP-B-CD (relatively to the nimesulide
affinity for B-CD) is predominantly governed by a
significant hydrophobic effect between nonpolar
groups of solute and the hydroxypropyl groups of
the modified cyclodextrin. Similar observations
have been reported by Bettinetti et al. [25] and
Uekama et al. [26] for the NSAID association
with both HP-B-CD, hydroxyethyl-B-CD and
methyl-B-CD (Table 2). It has been demonstrated
that the favorable entropy changes, associated to
the enhancement of inclusion ability of HP--CD,
hydroxyethyl-B-CD and methyl-B-CD toward
naproxen and flurbiprofen, is due to the hydro-
phobic binding contribution of the apolar groups
in the host molecule.

4. Conclusion

This paper describes the use of a relatively weak
apolar stationary phase such as a phenyl silica gel
in order to study the nimesulide—cyclodextrin in-
clusion phenomenon in a highly aqueous mobile
phase. The reliability of this chromatographic
procedure is demonstrated by comparing the ap-
parent association constant and stoichiometry to
those previously obtained by phase solubility
studies and UV-spectrophotometry method in
roughly the same operating conditions. It is
shown that nimesulide has an affinity approxi-
mately two fold more important for the HP-B-CD
than for the B-CD. This result is consistent with
the data obtained from previous studies on the
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association between NSAIDs and native or
modified cyclodextrins. From the thermodynamic
results, it is expected that nimesulide interacts
more strongly with HP-B-CD due to the hydro-
phobic effect between the compound and the apo-
lar moiety of the flexible hydroxypropyl groups.
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