This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

LJIOUI ”:; Journal of Liquid Chromatography & Related Technologies

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Chromatographic Determination of the Association Constants Between
Psoralen Derivatives and Modified B-Cyclodextrin: Effect of Sucrose as a

Co-enhancer Association Agent

| L. Ismaili*; C. André”; L. Nicod*; J. L. Mozer; J. Millet*; B. Refouvelet’; S. Makki; J. F. Robert’; A.
| Xicluna®; Y. C. Guillaume®

Fiekd®Fiow Fraction
Proparstve B Analytical 5

Exfitess by
dack Cazes, Ph.D.

i * Laboratoires de Chimie Organique et Thérapeutique, Universite de Franche-Comte, Faculté de
' Médecine et de Pharmacie de Besangon, Besangon, France ® Laboratoire de Chimie Analytique,
y j Universite de Franche-Comte, Faculté de Médecine et de Pharmacie de Besangon, Besancon, Cedex,
() Tt ufraecs France © Laboratoires de Biologie Cellulaire, Universite de Franche-Comte, Faculté de Médecine et de
- Pharmacie de Besangon, Besancon, France ¢ Laboratoires de Biochimie, Universite de Franche-Comte,

Faculté de Médecine et de Pharmacie de Besancon, Besancon, France ¢ Laboratoires de Galénique,
Universite de Franche-Comte, Faculté de Médecine et de Pharmacie de Besangon, Besancon, France

Online publication date: 03 December 2003

To cite this Article Ismaili, L. , André, C., Nicod, L., Mozer, J. L. , Millet, J. , Refouvelet, B. , Makki, S. , Robert, J. F. ,
Xicluna, A. and Guillaume, Y. C.(2003) 'Chromatographic Determination of the Association Constants Between Psoralen
Derivatives and Modified f-Cyclodextrin: Effect of Sucrose as a Co-enhancer Association Agent', Journal of Liquid
Chromatography & Related Technologies, 26: 6, 871 — 882

To link to this Article: DOI: 10.1081/JLC-120018889
URL: http://dx.doi.org/10.1081/JLC-120018889

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld.confterns-and-conditions-of-access. pdf

This article nmay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any | oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1081/JLC-120018889
http://www.informaworld.com/terms-and-conditions-of-access.pdf

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

20:12 23 January 2011

Downl oaded At:

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

JOURNAL OF LIQUID CHROMATOGRAPHY & RELATED TECHNOLOGIES®™
Vol. 26, No. 6, pp. 871-882, 2003

Chromatographic Determination of the
Association Constants Between
Psoralen Derivatives and Modified
B-Cyclodextrin: Effect of Sucrose as a
Co-enhancer Association Agent

L. Ismaili,' C. André,”> L. Nicod,® J. L. Mozer,* J. Millet,”
B. Refouvelet,1 S. Makki,5 J. F Robert,1
A. Xicluna,1 and Y. C. Guillaume>*

'Laboratoires de Chimie Organique et Thérapeutique,
2Chimie Analytique, *Biologie Cellulaire, *Biochimie,
and ° Galénique, Universite de Franche-Comte,
Faculté de Médecine et de Pharmacie
de Besangon, Besangon, France

ABSTRACT

The retention of psoralen derivatives, i.e., 8-methoxypsoralen (8-MOP),
5-methoxypsoralen (5-MOP), and trimethylpsoralen (TMP) in high
performance liquid chromatography (HPLC) was investigated using a
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Cig bond silica column, hydroxypropyl-fS-cyclodextrin (HP--CD) as
mobile phase additive (0-19 mM) and a wide range of column tempera-
ture (—5°C-55°C). Such a study was carried out to demonstrate the
potential drug complexing role of this cyclodextrin for a future applica-
tion in pharmaceutical formulation. Assuming a 1:1 stoichiometry, the
association constants (K) were calculated from the chromatographic data.
At a column temperature of —5°C, and in a 42% water—58% methanol
(v/v) mixture, K was equal to 30, 75, and 40M~' for the 8-MOP/,
5MOP/, and TMP/, HP--CD associations, respectively. The thermody-
namic parameters of the complexes were determined from linear van’t
Hoff plots for the three complexes. From the enthalpy and entropy
changes, it appeared that the recognition mechanism of HP-$-CD for
8-MOP and TMP was temperature dependent, and the hydrophobic effect
between TMP and the flexible hydroxypropyl groups of HP--CD was
counterbalanced by its steric hindrance. As well, the role of sucrose on
this association was investigated. It was expected, that the sucrose would
act on the psoralen derivatives/HP-$-CD association process by modify-
ing the surface tension of the bulk solvent and increase the Ky values.

Key Words: HPLC,; Hydroxypropyl-f-cyclodextrin; Psoralen; Association-
constant; Thermodynamic; Sucrose.

INTRODUCTION

Several reports have shown the utility of the use of modified -cyclodextrin
in pharmaceutical formulation to improve the bioavailibility of drugs.!'””!
Various methods have been used to determine the association constants
between cyclodextrin and drugs. Ultraviolet-visible absorption, NMR, poten-
tiometry fluorescence measurements, capillary electrophoresis, and calori-
metry have been described.®'*1 Chromatographic experiments have also
been previously carried out for both enantiomeric drug separation and the
determination of the apparent association constant of various drugs with both
native or derivatized cyclodextrins.!'*>!

The retention behavior of solute in high performance liquid chromatogra-
phy (HPLC) is based on the partitioning 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 stationary phase. The association constant K between compound
and cyclodextrin can be determined using the well known equation:t'*~'"]

I 1  K[CDJ

Kk K
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where k& is the solute retention factor, ky the solute retention factor without
cyclodextrin in the mobile 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 vs. [CD] must be obtained and the
K value calculated. Psoralens are regularly used in therapy, in combination
with ultraviolet A (UVA) light irradiation to treat skin diseases such as
psoriasis, vitiligo, and mycosis fungoides.*>>% Its poor aqueous solubility
poses bioavailability problems in vivo. This could be overcome by the
formation of inclusion complexes with cyclodextrins.

The aim of this paper is to investigate the stoichiometry and the
association constants for the associations between a series of psoralen
derivatives and hydroxypropyl (HP)-f-cyclodextrin (CD), using a chromato-
graphic approach. This was done by using a C;g silica as stationary phase and
cyclodextrin as mobile phase additive.

EXPERIMENTAL
Apparatus

The chromatographic system consisted of a HPLC Waters pump 501
(Saint Quentin, Yvelines, France), an Interchim Rheodyne injection valve
model 7125 (Montlugon, France) fitted with a 20 pLL sample loop, and a Merck
2500 diode array detector (Nogent-Sur-Marne, France). An Interchim RP18
column 125 mm x 4 mm [.D. were used with a controlled temperature in an
Interchim oven, TM N°701 (Montlugon, France) for high temperature, and an
Osi Julabo FT200 cryoimmerser (Elancourt, France) for low temperature. The
mobile phase was fixed at 1 mL/min and the wavelength at 254 nm.

Reagents

All the psoralen derivatives were obtained from Sigma Aldrich (Saint-
Quentin, France) (Fig. 1). The HP-$-CD was provided from Roquette
(Lestrem, France) and was a mixture of homologous and isomers. Deuterium
oxide (Merck, Nogent-Sur-Marne, France) was used as a dead time marker.
Water was obtained from an Elgastat option water purification system (Odil,
Talant, France) fitted with a reverse osmosis cartridge. Sucrose was obtained
from Prolabo (Paris, France). The mobile phase consisted of a methanol/water
mixture 58-42 (v/v) with various HP--CD concentrations (0, 5.20, 7.09,
14.01, 14.98, 16.77, and 18.71 mM). Twenty microliters of each psoralen
derivative was injected in triplicate and the retention times measured. All the
experiments were repeated three times for each temperature and for each
cyclodextrin concentration.
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Figure 1. Psoralen derivative structures.

Temperature Study

Compound retention factors were determined over the wide temperature
range —5°C-55°C (£0.1°C). The chromatographic system was allowed to
equilibrate at each temperature for at least 1 h prior to each experiment. To
study this equilibration, the compound retention time of 5-methoxypsoralen
(5-MOP) was measured every hour for 7h and again after 22, 23, and 24 h.
The maximum relative difference of the retention time of this compound was
0.6%, making the chromatographic system sufficiently equilibrated for use

after 1h.
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Thermodynamic Relationships

AH® and AS° are, respectively, the standard enthalpy and entropy of
transfer of the psoralen derivatives from the mobile phase to the cyclodextrin.
These energies can be calculated using the following thermodynamic relation-
ships as previously described:

—AH® AS°

nK =
n Rl TR

where T is the temperature and R the gas constant. For a linear plot of In K vs.
1/T; the slope and intercept are respectively —AH°/R and AS°/R.

RESULTS AND DISCUSSION

Chromatographic Determination of the Apparent
Association Constant for the Psoralen
Derivative—Cyclodextrin Association

Using the solute retention time and the void time, the k& values were
determined for the three psoralen derivatives, and at all the cyclodextrin
concentrations, at temperatures of —5, 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
and 55°C. The coefficients of variation of the & values were <0.4%, indicating
a high reproducibility and a good stability for the chromatographic system.
The 1/k vs. [HP--CD] plots were determined and the values of the linear
regression coefficients R were calculated. The R values are higher than 0.995
in all cases. For example, Fig. 2 shows the three plots for a column
temperature equal to 20°C. The values of apparent association constants are
presented in Table 1 for five column temperatures. From the R values, it
appears clearly that the behavior of psoralen derivatives is well described by
the model, assuming a 1:1 stoichiometry for the three complexes. This is
consistent with previous results, which have shown by spectroscopic or chro-
matographic methods, a 1: 1 inclusion complex between psoralen with f-CD,
dimethyl DM-f-CD, and trimethyl TM-$-CD.*”*¥! As shown in Table 1, the
association constant values varied as follows: For a temperature < to a critical
temperature /¥ ~35°C, 5-MOP/HP-$-CD > TMP-/HP-$-CD > 8-MOP/
HP-f-CD but, for a temperature > *, 5-MOP/HP-$-CD > 8-MOP/HP-£-CD >
TMP/HP-3-CD. As the HP-$-CD was a mixture of homologous and isomers,
the measured binding constants and thermodynamic data are weighted
averages for this closely related mixture. The apparent association constant
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Figure 2. 1/k vs. [HP-f-CD](mM) plot (assuming 1:1 stoichiometry) for
8-MOP/HP--CD (A), 5-MOP/HP-$-CD (B), and TMP/HP--CD (C) associations.

values are equal to 30, 75, 40M~' at T=—5°C and 13, 18, 12M™~" at
T=45°C for 8-methoxypsoralen (8-MOP), 5-MOP, and trimethylpsoralen
(TMP). These values are in the same order of magnitude as the association
constants obtained between psoralen and dimethyl DM-S-CD and trimethyl
TM-f-CD, respectively, equal to 603 M~" and 69.6 M~' 738

Thermodynamic Parameters for the Psoralen
Derivatives—Cyclodextrin Complexes

In order to gain information about the mechanistic aspect of the difference
in the HP-f-CD affinity for 8-MOP, 5-MOP, and TMP, the thermodynamic
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Table 1. Apparent association constants K between
8-MOP, 5-MOP or TMP and HP-f-CD determined
at various column temperatures.

7(°C) 8-MOP 5-MOP TMP
-5 30.1 75.9 40.3

0 27.4 64.5 35.2
15 20.9 40.9 24.1
30 16.4 27.1 17.1
45 13.1 18.7 12.6
55 115 14.9 10.4

parameters were obtained from van’t Hoff plots. The InK vs. 1/T plots were
obtained for the three psoralen derivatives. Linear van’t Hoff plots were obtained
with correlation coefficients higher than 0.991. Figure 3 shows the van’t Hoff
plots corresponding to the three inclusion complexes. AH? and AS° for the three
complexes are presented in Table 2 with the corresponding Gibbs free energy
AG® at —5°C. For all the complexes, the enthalpic and entropic terms are both
negative, demonstrating that the association is enthalpically driven.

The formation of an inclusion complex with cyclodextrin is classically
attributed to interactions such as hydrogen bonding with the OH groups at the
periphery of the cavity, van der Waals interactions, and hydrophobic effect.**! In
most cases, the solute inclusion in the cyclodextrin cavity is associated to large
negative values of AH” and AS°.['>***! The enthalpic term value for psoralen
derivative complexation by HP-$-CD is interpreted as indicating that the binding
forces included strong van der Waals—London dispersion interactions. This is
associated to a negative value of AS° related to the apparent low degrees of freedom
of the solute included in the rigid cyclodextrin cavity. 5-Methoxypsoralen
exhibited the lowest enthalpy and entropic data because it had the strongest van
der waals and polar interactions with the HP--CD cavity. This was linked with
the lowest entropy state due to the lowest degree of freedom when it was
transferred inside the HP-$-CD. Water molecules in contact with non polar
species adopt an ordered organisation. Thus, the release of these water molecules,
when the solute is transferred from a polar to a non polar bulk phase, results in an
entropy increase associated to a weak negative value of AH’.

This hydrophobic effect is much more important than hydrophobicity of
the solute. Nevertheless, for TMP, the highest hydrophobic compound, its
association with HP-$-CD did not exhibit he highest negative value for AS°
(Table 2). This suggests, that the TMP/HP-$-CD association is not only
dependent on the hydrophobic effect. Thus, the association mechanism for
TMP with HP--CD is, as well, governed by the steric hindrance between the
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Figure 3. van’t Hoff plots (InK vs. 1/T) for 5-MOP/HP-$-CD (A), TMP/HP--CD
(B), and 8-MOP/HP--CD (C) associations.

three non polar groups, i.e., —CHj3, of TMP and the hydroxypropyl groups of
the modified cyclodextrin. For the temperature f* =35°C, there is an inver-
sion of the strength of the 8-MOP/HP-$-CD and TMP/HP-f-CD inclusion
complexes (Table 1). This can be explained by the fact, that temperature f*
was the compensation temperature for which there was a perfect equilibrium
between the entropic and enthalpic effects governing the recognition mechan-
ism of the HP-$-CD for its guest molecule TMP or 8-MOP. As well, * can be
given by the following equation:

_AAH®

F= AAS®
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Table 2. Thermodynamic parameters AH’, AS®, and AG® (at —5°C)
for the associations between 8-MOP, 5-MOP or TMP and HP-$-CD.

Psoralene AH° AS° AG°
derivatives (kJ/mol) (J/mol/K) (kJ/mol)
8-MOP —11.7 —15.5 —7.6
5-MOP —19.9 —38.2 —-9.7
TMP —16.5 -30.9 —8.2

where AAH" (respectively AAS®) was the difference of the thermodynamic
parameters AH° (respectively AS®) for the associations between 8-MOP and
TMP for HP-B-CD (Table 2). For a temperature T > f*, the magnitude of
TAAS® was always greater than that of AAH. Thus, the recognition mechan-
ism of HP--CD for 8-MOP and TMP was governed by the difference in their
steric constraints in the HP-$-CD cavity. In this temperature domain, the
recognition mechanism was led entropically. For a temperature 7 < f/*, the
reverse was observed. The magnitude of AAH® was always greater than that of
TAAS®. This was attributed to a favorable contribution of selective interactions
(van de walls) between 8-MOP and 5-MOP with HP--CD. Therefore, in this
temperature domain, the recognition mechanism was led enthalpically.

Effect of Sucrose

In an effort to demonstrate the role of the hydrophobic effect on the
psoralen derivatives/HP--CD association, the influence of a surface tension
modifier such as sucrose was studied. The variation of the constants K of the
psoralen derivative/HP-f-CD associations vs. sucrose concentration in the bulk
solvent at 7'= —5°C, was the same for all psoralene derivatives. An example of
the plot (for 8-MOP) was given in Fig. 4. The variation observed for K, with
sucrose concentration was confirmed by the fact that the sucrose increased the
hydrophobic effect in the bulk solvent!*?**! and, thus, the psoralen derivative/
HP-f-CD association. These results showed the role of the sucrose agent as a
co-enhancer of the psoralen derivative/HP-S-CD association process.

CONCLUSION

This paper described the psoralen derivative/HP-$-CD association mechan-
ism using a chromatographic method. The apparent association constants were
determined experimentally for the first time at very low temperatures (<0°C). It
was shown, that HP-f-CD has an affinity ~2.5 fold more important for 5-MOP
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Figure 4. K for 8-MOP vs. sucrose concentration in the mobile phase at —5°C.

than for TMP and 8-MOP. From the thermodynamic results, it was shown that the
steric hindrance created by the three methyl group of TMP with the apolar moiety
of the flexible hydroxypropyl groups of HP--CD played a great role. As well, it
was demonstrated that the recognition mechanism of HP--CD for 8-MOP and
TMP was temperature dependent, and the role of the hydrophobic steps on the
psoralen derivative inclusion mechanism in the HP-$-CD cavity was clearly
visualized by addition of sucrose in the bulk solvent.
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