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Abstract

Three new experimental approaches for calculating the stability congtanof complexes of flurbiprofen with natur@l-cyclodextrin
(BCyd) and the hydroxyethyl- (HECyd) and the methyl- (M&Cyd) derivatives were tested and compared to the classic phase-solubility
procedure: (a) the membrane permeation technique through a lipophilic synthetic membrane permeable to the drug but not to the Cyd molecules,
by analysing the permeation profiles with a non-linear least-squares method; (b) the affinity capillary electrophoresis (ACE) technique, where
Kst were calculated from the relationship between Cyd concentration in solution and drug electrophoretic mobility, using three different linear
plotting methods; (c) the molecular modeling technique, based on the relationship between the docking energies and the expgrimental
values. The study allowed evaluation of the advantages and limits of each examined method, providing a useful guide for the choice of the
most suitable one depending on the kind of host-guest system to be investigatdd; Vdlees obtained with the various techniques were
rather different, probably due to the very different experimental conditions required by each one. However, all the methods indicated the
methyl-derivative as the most powerful complexing agent for the drug, showing the generakiz@épCyd) »Kg(HERCyd) >K(BCyd).
Only in the case of the ACE method was an inversion of the trend found betweg@ydEandBCyd; this was probably due to the lower
molecular weight of the natural Cyd, which, in this case, became more important in determining the complex electrophoretic mobility than
the different affinity of the drug for these two Cyds.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and the selectivity of the complexation process. Therefore,
the stability constant value of drug—cyclodextrin complexes
Cyclodextrin are well-known cyclic oligomers composed is a useful index of the binding strength of the complex and is
of severab-glucose units bonded ky(1,4) linkages provid-  of great importance for the understanding and evaluation of
ing an hydrophobic internal cavity able to include various the inclusion complex formatiop]. It is important to accu-
drug molecules, thus forming non-covalent inclusion com- rately determine this parameter, in order to predict changes
plexeg[1]. Cyclodextrin complexation has been widely used in the physico-chemical properties of the drug after inclu-
in the pharmaceutical field to improve properties of drugs, sion in the cyclodextrin cavity and to select the most suitable
such as solubility, dissolution rate, chemical and physical cyclodextrin-host molecule for a given drug-guest, so that
stability and, as consequence, bioavailability, as well as to inclusion complexation may be successfully exploited at its
reduce their irritancy and toxicitf,3]. The fit of the entire best.
or at least a part of the guest molecule in the cyclodextrin ~ Much attention has recently been directed to the develop-
host cavity determines the stability of the inclusion complex ment of new rapid and reliable methods for determining this
parameter, such as microcalorimetric and chromatographic
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modeling techniqueld 3,14], as an alternative to the conven- temperature (25:0.5 or 37+0.5°C) until equilibrium
tional time- and material-consuming phase-solubility method (72 h). Aliquots were then withdrawn, filtered (pore size
[15]. 0.45um) and spectrometrically assayed for drug concen-
In the present work, we thought it worthy of interestto test tration at 246 nm (Shimatzu UV-1601). The apparent 1:1
and compare some of these new experimental approaches fostability constants were calculated from the straight line
calculating the stability constant of complexes of flurbipro- portion of the phase-solubility diagrams, according to
fen with both the naturgd-cyclodextrin and two amorphous  Higuchi and Connor$l5]. Each test was repeated at least
B-cyclodextrin-derivatives and to evaluate their actual effec- three times (coefficient of variation C.V. < 3%).
tiveness as alternative methods to the classic phase-solubility
one. Flurbiprofen, [2-(2-fluoro-4-biphenyl) propionic acid],a 2.3. Membrane permeation studies
poorly water-soluble anti-inflammatory drug, was selected as
guest compound since it was shown that inclusion complexa- Permeation rate studies of drug or drug—Cyd complexes
tion with cyclodextrins can significantly improve its dissolu- were carried out using a Sartorius Mod. SM16750 absorp-
tion properties and reduce its irritative gastric eff¢t6-18] tion simulator (Sartorius Membranfilter GmbH, Gottingen,
The selected methods for the determination of stability Germany). The donor and acceptor phases were separated
constant of flurbiprofen—cyclodextrin complexes were the by a membrane of cellulose nitrate (thickness {L&f pore
membrane permeatiofil,12] the affinity capillary elec- diameter 0.02m; effective permeation area 40 é)rim-
trophoresis (ACE}7-9] and the molecular modelif3,14] pregnated with lauryl alcohdl0] (membrane weight in-
techniques. The first was selected due to the possibility of crease 100-110%). The lipophilic membrane was permeable
gaining simultaneously useful information about the perme- to the drug but impermeable to the Cyd; therefore, only free
ability properties of free and complexed drug. The ACE drug molecules could transfer into the acceptor phase. The
method was chosen in virtue of the simple requirements donor compartment consisted of 100 mL of water containing
needed for its applicability for binding constant calculation or not 25 mM Cyd to which 6 mg drug was added (0.25 mM,
[19], including in particular time- and material-savings. Fi- i.e. its saturation solubility under the selected experimental
nally, the molecular modeling technigue was utilised because conditions). The same volume of water was placed in the
it also enables to obtain the possible geometrical structuresacceptor compartment. Both solutions were thermostated at
of the inclusion complexes. Classic phase-solubility studies 37+ 0.5°C and magnetically stirred (100 rpm). The cumu-
according to Higuchi and Connof$5] were performed as  lative amount of drug diffused as a function of time was de-
reference technique. termined by spectrometrically assaying (as in Se@i@hits
concentration in the acceptor compartment at fixed time in-
tervals. Each experiment was performed at least three times

2. Materials and methods and the results were averaged (C.V. <5%). The data obtained
were elaborated using a non-linear least-squares method of
2.1. Materials the EASY-OPT progranfi21] for the calculation of the sta-

bility complex constant.

Flurbiprofen (FLU) was kindly provided by Montefar-
maco (Milan, ltaly). B-Cyclodextrin 3Cyd) was a gift 2.4. Affinity capillary electrophoresis (ACE)
from Roquette Italia S.p.A. (Cassano Spinola, Alessandria,
Italy), methylB-cyclodextrin (M@ Cyd) and hydroxyethyl- Standard stock solutions of FLU (1 mg/mL) and DMSO
B-cyclodextrin (HEBCyd) with an average substitution de- (1%, v/v) used as electro-osmotic flow (EOF) marker, were
gree per anhydroglucose unit DS 1.8 and MS 1.6, re- prepared in methanol and water, respectively, stored@t 4
spectively, were kindly donated by Wacker-Chemie GmbH and used within one week. Working standard solutions were
(Munich, Germany). Phosphoric acid and dimethylsulfoxide prepared daily by adding 28 of each of the stock solutions
(DMSO) were from Sigma—Aldrich (St. Louis, MO, USA). directly in a vial and diluting to 50Q.L with 5mM pH 5.5
All other chemicals and solvents were of analytical reagent phosphate buffer, in order to obtain the final desired concen-
grade. Deionized double-distilled water was used throughouttrations for FLU (0.05 mg/mL) and for DMSO (0.05%, v/v).

the studly. An Agilent Technologies’®CE system (Agilent Tech-
nologies, Waldbronn, Germany) equipped with a UV-visible
2.2. Phase-solubility studies diode array detector (DAD) and an air thermostating sys-

tem was used to perform ACE experiments. Data acquisition
Excess amounts of FLU were added to 10 mL of un- and signal processing were performed usiRGE Chem-
buffered (pHx 4.5) or buffered (pH 5.5) aqueous solutions Station software (Rev. A.09.01, Agilent Technologies, Wald-
containing increasing concentrations of Cyd in the 0-25 mM bronn, Germany). Experiments were performed on a 33cm
range (M@Cyd and HEBCyd) or in the 0-13mM range long (24.5cm effective length) untreated fused silica capil-
(BCyd) in sealed glass vials. The obtained suspensionslary with an inner diameter of 50m and an outer diameter
were electromagnetically stirred (500rpm) at constant of 375um (Composite Metal Services, Hallow, UK) with a
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detection window built-in by burning off the polyimide coat- used as reference for the alternative techniques tested. In both
ing on the capillary. Detection wavelength was set at 195 nm. media (water and pH 5.5 phosphate buffer) and at both tem-
Samples were injected using the hydrodynamic mode by ap-peratures (25 and 3T), the phase-solubility diagrams ob-
plying a 20 mbar pressure for 3 s, followed by a background tained with increasin@Cyd concentration were of Btype
electrolyte (BGE) plug (20 mbar, 3s). A constant voltage of [15], because of the precipitation of an insoluble complex at
20 or 25kV (rise time 0.20 min) was applied with the anode high carrier concentratior~{g. 1). On the contrary, in the
at the inlet and the cathode at the outlet side, holding con- case of boti8 Cyd-derivatives, the diagrams were of A/pe
stant temperature at 37 or 26, respectively. The standard [15], indicative of the formation of soluble complexes of pre-
BGE consisted of an aqueous solution of 10 mM phospho- sumable 1:1 stoichiometry.
ric acid, adjusted to pH 5.5 with 1 M NaOH, containing the The apparent 1:1 stability constants, calculated from the
appropriate concentration of Cyd (0, 0.5, 1-5 mM). straight-line portion of the diagrams at each temperature, are
Before use, a new capillary was flushed with 1 M NaOH collected inTable 1 The decrease in stability constants, ob-
and water for 5 min each. Between individual runs, the capil- served in all cases with increasing temperature, indicated the
lary was rinsed with water (1 min), 1 M NaOH (1 min), 0.1 M  exothermic nature of inclusion complexation. The higher sta-
NaOH (1 min), water (1 min) and run buffer (6 min). To im-  bility constant values of FLU-Cyd complexes observed in the
prove repeatability of migration times and electrophoretic aqueous solution, compared to the pH 5.5 buffered one, were
mobilities, buffer vials were replenished after each injection. explained with the lower pH values of the unbuffered aque-
Each sample was injected in triplicate, apart from the experi- ous solution (pH= 4.5) in the presence of the acidic drug,
ments necessary to determine the mobility of the free solute,i.e. with the higher percent of FLU in the unionized, more
which were collected in quadruplicate after achieving con- lipophilic form, which has a greater affinity for the inclusion
stancy of the electrophoretic mobility. The measured currents complexation[22]. This result was also in agreement with

did not exceed 1pA. the lower drug solubility in the unbuffered water solution
Experimental values of the effective electrophoretic mo- (Fig. 1).
bilities (cm? V—1s~1) were calculated as the difference be- Both BCyd-derivatives were more effective than the nat-

tween the apparent mobility in each buffer (with various ural one, due to their higher water solubility; however,
guantities of Cyds) and that of the neutral marker. The stabil- MeBCyd clearly showed greater solubilizing efficiency and
ity constants were calculated using the double reciprocal, thecomplexing power towards the drug. The better perfor-
x reciprocal and thg reciprocal plotting methods with least mance of this derivative has been attributed to the pres-

squares linear regressif#i. ence of the methyl groups that increased the hydrofobic
region of the macro molecule by capping the edge of the
2.5. Molecular modeling studies cavity and expanding the location of substrate binding,

without causing any structural hindrance to the drug in-

Modeling of the structures of Cyds and drug, as well as cJusjon[23]. On the contrary, some effect of steric block-
of their complexes, was carried out using the INSIGHT Il ing, due to the presence of the hydroxyethyl-substituents,
2000 program run on Silicon Graphics 02 R10000. The FLU \which can hamper the inclusion of the guest molecules,

molecule was obtained by the Builder Modules of the IN- could explain the less complexing effectiveness exhibited by
SIGHT Il program. The molecular structure@€yd was gen- HEBCyd.

erated on the basis of crystallographic parameters provided
by the Structural Data Base System of the Cambridge Crys-
tallographic Data Centre. ThgCyd-derivatives were built
up by adding to the base molecule@yd, respectively, 12
methyl (DS 1.8) or 11 hydroxyethyl (MS 1.6) groups. The
docking energies of the host-guest inclusion complexes were  The first alternative method tested in the present work was
calculated through the CFF91 Force Field (Discovery Mod- the permeation through a membrane permeable to the drug
ule) opportunely modifiefll4]. For each complex, the search  pyt not to Cydg11,12] The use of such technique for deter-
for the most stable conformation with the best docking en- mjning the stability constant of drug—Cyd complexes is based
ergy was performed through stochastic methods based on &n the fact that the drug permeation rate in the presence of
molecular dynamic simulated proceduitd]. Cyds is dependent on both the Cyd concentration and the
time of the permeation, owing to the continuous change of
the inclusion equilibrium in the donor phase. In fact, the con-

3.2. Membrane permeation studies

3. Results and discussion centration of the drug in the donor phase decreases because
it permeates into the acceptor cell, whereas the Cyd con-
3.1. Phase-solubility studies centration remains constant. Therefore, since only the free

drug can pass through the membrane, the permeation rate is
First, the complexing behaviour of FLU with the three related to the stability constant of the complex. The relation-
examined Cyds was studied by the phase-solubility method, ship between the drug permeation rate and the stability of the
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Fig. 1. Flurbiprofen phase-solubility diagrams obtained &tQ%eft) and 37 C (right) in agueous solution (A and B) and pH 5.5 phosphate buffer (C and D)
in the presence @iCyd (@), HEBCyd (o) and Me3Cyd (H).

complex with Cyd is given by the following equati¢h?]: permit the high Cyd concentration required by the method to
[Do] (1 — exp( A1)} be reached.
[Da] = Fig. 2 shows the permeation profiles of FLU in the ab-
(2 + KsCyd]y) sence or in the presence of the t@€yd-derivatives. The

whereA=k(2 +Kst [Cyd]f)/(1 +Kst [Cyd]s), Da is the drug drug alone showed an almost linear permeation profile over
concentration in the acceptor pham the concentration time, after aninitial Iag time of about 15 min required toreach

in the donor phase at time 0, [Cydhe concentration of ~ Pseudo-steady-state conditions. On the contrary, in the pres-
free Cyd in the donor phaskthe drug permeation rate con-  ence of both Cyds, a particular biphasic trend was observed.
stant,Kg; the complex stability constant, andhe time. In  Initially, the drug permeation rate was higher than that of
the adopted experimental conditions, [Gydén be consid- ~ FLU alone, indicating a favourable effect of the carrier on
ered constant and equal to the total Cyd concentration, beingdrug dissolution. However, after about 45 min, a decrease of
[Cydliot, » [Do] (100:1 molar ratio)12]. Therefore K¢ and the FLU permeation rate was observed, as a consequence of
k can be calculated by analyzing the data of drug concen-the effect of Cyd complexation: in fact, the concentration in
tration in the acceptor phase as a function of timesing ~ the donor phase of free drug (the only one able to perme-
a non-linear least-squares method of the Easy Opt programate through the membrane) decreased as a consequence of
[21]. It was not possible to apply this technique to the com- the complex formation. The greater the Cyd complexing ef-
plexes withBCyd, since its limited water solubility did not ~ ficiency, the less the drug passage through the membrane.

Table 1
Stability constantsis;) of complexes of flurbiprofen witBCyd, HE3Cyd and M@Cyd in unbuffered water (pk 4.5) and in pH 5.5 phosphate buffer at 25
and 37°C obtained from phase-solubility studies

Cyd Kst (M) (water, 25°C) Kst (M) (water, 37°C) Kst (M~1) (phosphate buffer, 25C) Kst (M) (phosphate buffer, 37C)
BCyd 1700 1430 590 540
HEBCyd 2775 2660 680 640

MepCyd 11570 9660 1480 1085
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3.3. Affinity capillary electrophoresis (ACE)

ACE is defined as an electrophoretic separation where
the separation patterns are influenced by reversible molec-
ular binding interactions taking place during the separation
process. The principle of ACE binding studies is based on
the comparison of the solute electrophoretic mobilities in the
ligand-free BGE or containing different concentrations of the
ligand L [19]. The quantitative analysis of the equilibrium
constant for reversible 1:1 solute-ligand complexes is based
. . . . on the general form of a binding isotherm and on the ef-

0 30 60 % ime, min 120 fective electrophoretic mobiliti§, 19]. The electrophoretic
mobility of the solute in a BGE containing the ligand is the
Fig. 2. Permeation profiles of FLU alon®) and in presence of HECyd weighted average of the mobilities of the complexeg) @nd
(a) and Me3Cyd (W) in water at 37 0.5°C. the uncomplexedy;) solute:

% diffused FLU

Mi = Xflf + Xcle
The values of permeation ratid @nd complex stabilityls;)
constants obtained by analyzing the drug permeation dat
according to the previous equation are listedable 2 The
Kst values showed the same trend of those obtained by the
conventional phase-solubility method in unbuffered water at
the same temperatur@dble 1. Moreover, in the presence
of MeBCyd, the drug permeation rate was about 40-fold

awherey; is the experimentally measured electrophoretic mo-
bility, xc and x; the molar fractions of the complexed and
uncomplexed solute, respectively.

Expressing the molar fractions in terms of equilibrium
concentrations and taking into account the expression for the
apparent equilibrium constant, the following equation is

lower than that obtained in the presence of@dd, thus  °btained:
further confirming the best complexing power of the methyl- i+ pucK[L]
derivative towards FLU. These results demonstrated the ef-/i = 1+ K[L]

fectiveness of the membrane permeation technique as a use- _ . ) o

ful alternative method to determine the stability constants of ~ BY rearranging this expression, three possibilities are
drug—Cyd complexes. Furthermore, with respect to the clas-available for Iinearizati_on and lead to differgnt plotting meth-
sic phase-solubility method, it has the additional advantages®ds- In the double reciprocal plot, (- ) is plotted ver-
of requiring only one permeation experiment that lasts a few SUs 1/[L] and the binding constant is obtained from the in-
hours (and not a series of experiments at different Cyd con- tércept/slope ratio. In the reciprocal plot, [L}/{4i — ) is
centrations lasting some days), and to simultaneously pro-Plotted versus [L] anK is equal to the slope/intercept ra-
vide interesting information about the effect of the Cyd on tio. Finally, in thex reciprocal plot of [t — uf)/[L] versus

the drug permeation rate. In this respect, it is important to (i — 1), the binding constant is equal teslope[7,9]. _
underline that the observed decrease in drug permeation rate All the above-mentioned equations can be expressed in
in the presence of Cyd is due to the particular experimental terms of migration times, using the relationship

conditions used. In fact when the drug amount in the donor IL (1 1>

phase is higher than its saturation solubility, an increase of (ui — uf) = v

its permeation rate can be observed in the presence of Cyd, i

due to the very greater solubility and dissolution rate of the where L and are the total and the effective capillary length,
complex than the drug alorj6,18]. On the other hand, the  respectivelyy the voltage applied, artdandt; the measured
main disadvantage of the method is the high Cyd concentra-and free migration times of the analyte.
tion necessary in the donor phase, which prevents or hampers  Since changes in peak migration times may be due to non-
its applicability for poorly soluble or highly expensive Cyds. specific effects, such as changes in the electro-osmotic flow,
a neutral non-interacting EOF marker should be present in
the sample to adjust the analyte migration tifg In our
Table 2 case, DMSO was selected as EOF marker and the values of
Flurbiprofen (FLU) permeati_on rate constarksgnd complex st_abilit_y con- inclusion complex constants were calculated using a pH 5.5
stants Ks;) of complexes with HBCyd and M@Cyd determlned in un- phosphate buffer and setting temperature at 25 andCs
buffered water at 37C by the membrane permeation technique ! : 2 . )
in the previous phase-solubility studies. The concentration of

1 -1

Sample k(h™) . Kst(M™) the buffer was lowered to 10 mM to achieve rapid analysis

E::B HERCyd 22-63%X 1873 1170 times and avoid Joule effect. With the same aim, the voltage
- y . X ) .

FLU-MeBCyd 595 105 Y was fixed at 25 and 20 kV, when the temperature was 25 and

37°C, respectively.
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Fig. 3. Electropherograms of flurbiprofen (FLU) in pH 5.5 phosphate buffer &€3i the presence of increasing concentrations ofUd.

At first, the same range of Cyds concentrations was cho- not agree well with those obtained by the other plotting meth-
sen corresponding to the linearity range found in the phase-ods. Moreover, a deviation from the linearity for the double
solubility studies, namely 0-5mM f@Cyd and 0-25mM reciprocal and th& reciprocal plots could be noticed. Thus,
for MeBCyd and HBBCyd. However, inthe case ofthe deriva- the same range of concentrations was set for all the Cyds
tized Cyds, th&stvalues obtained by thereciprocal plot did (0-5mM) in order to avoid these effects.

Table 3
Stability constantsKs;) of complexes of flurbiprofen with M&Cyd, HEBCyd andBCyd obtained by affinity capillary electrophoresis in pH 5.5 phosphate
buffer at 25 and 37C with the three different plotting methods

25°C 37°C

ad b? R2 Kst (M™1) a2 b* R Kst (M)
MeBCyd
Double reciprocal fit 0.783 7520 .9p10 9600 0.8857 6494 0.9927 7330
Y reciprocal fit 7506.9 ®3131 09999 9230 6491.3 .8967 09999 7240
Xreciprocal fit —-9514.7 12661 09890 9510 —7295.5 11238 09911 7300
HEBCyd
Double reciprocal fit 1.9757 7442 0.9918 3770 1.8121 6201 0.9978 3420
Y reciprocal fit 7461.3 D51 Q9999 3820 6153.6 .2092 09999 3220
X reciprocal fit -3778.1 05075 09891 3780 —3394.8 05482 09966 3390
BCyd
Double reciprocal fit 1.3833 8262 09917 5970 1.7614 7328 0.9969 4160
Y reciprocal fit 8204 5021 09998 5460 7260.4 .2054 09996 3810
Xreciprocal fit —5878.6 Q07127 09881 5880 —4115.5 05625 09938 4120

@ parameters of the regression equationax+b.
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The FLU-Cyd anionic complex has a negative self-
mobility which is lower, in absolute value, if compared to
the one of the free anion, which corresponds to a decrease of
the migration time with Cyd concentration. This is illustrated
in Fig. 3, which shows the electropherograms of the samples
containing FLU in the presence of increasing concentrations
of MeBCyd in the buffer.

The linearity data and the values K§; obtained are re-
ported inTable 3 The values oKg; obtained from the dif-
ferent linear plotting methods were all consistent, assuring a
reliableKg; estimation; moreover, the assumption of the 1:1
binding stoichiometry is supported by the good linearity of
the plots (all theR? values were in the range from 0.9881 to
0.9999).

When comparing the binding constants of the dif-
ferent Cyds, M@Cyd was found to be undoubtedly
the best complex forming compound, and the observed
trend was Ks(MeBCyd)> Kst (BCyd)>Ks(HERBCyd).

The trend observed with ACE achieved only a par-
tial agreement with that of the phase-solubility studies:
Ksi((MepCyd) »Ks(HERCyd) >Ks; (BCyd).

This behaviour can be partially explained by the fact that,
even though the binding with FLU imparts the same nega-
tive charge to the two complexes, the major determinant of
eIectrophoretlc mobility in CE is the charge/mass ratio. ,The Fig. 4. Computer-generated inclusion complexes of flurbiprofen (FLU) with
complex withBCyd has a lower mass, thus likely resulting g4, HE3Cyd (MS 1.6) and MBCyd (DS 1.8) at OK.
in a higher negative mobility (in absolute value) than the one
with HEBCyd. Probably, the affinity of FLU for the two Cyds  sults obtained by the previous methods was found, revealing
was not different enough, and the mentioned effect may be-the same trentsi(MepCyd) »Ksi(HEBCyd) >Ks(BCyd) as
come important and lead to an inversion of the trend betweenin solubility and permeation studies.
the apparenks; values with the two Cyds. This approach also allowed the determination of the pos-

This may represent a limit of the method, together with sible tridimensional structure of the different FLU-Cyd in-
its applicability only for ionizable molecules; however, by clusion complexesHig. 4). The proposed method has only a
contrast, short analysis times, high reproducibility of the re- predictive value; however, it seems to be a useful tool in pre-
sults and minute amounts of sample necessary are its mairformulation studies to perform a preliminary rapid screening
advantages, and make it particularly suitable in the study of aimed at quickly selecting the best set of Cyds to experi-
large cyclodextring24]. mentally examine for the inclusion complexation of a given

drug.

FLU-MeBCd

3.4. Molecular modeling

Molecular modeling studies were performed on the basis 4. Conclusions
of the relationship between the docking energy of drug—Cyd
complexes and their corresponding stability constants, pre-  All the techniques tested in the present work can be con-
viously demonstrated by some of [3,14] According to sidered effective alternative methods for calculating the sta-
the CFF91 Force Field, the docking energies were calculatedbility constants of FLU-Cyd complexes, making it possible
as the sum of the Van Der Waals and electrostatic interac-to overcome the drawbacks of the time-consuming conven-
tion energies. However, some parameters of this force field tional phase-solubility method. However, none emerged as an
were suitably modified, in order to more correctly describe ideal method. Rather, each one has its advantages and lim-
the behavior of drug—Cyd complexes in agueous solutionsits, which have to be taken into account when selecting the
and maximise the correlation of the function relating dock- most suitable method(s) to use depending on the host-guest

ing energy and complex stability constdtt]. The previ- system(s) to be investigated. In particular: the permeation
ously developed theoretical model was then used to predicttechnique is a fast and simple method useful for simultane-
the stability constant of FLU-Cyd complexes. ously obtaining drug permeation data, but it requires very

The predicted; values were 650, 930 and 1495 #for high Cyd concentration in the donor phase; ACE provides a
the FLU complexes witfsCyd, HEBCyd and MeRCyd, re-  rapid and selective tool for analysing drug—Cyd complexes,
spectively. A satisfying agreement with the experimental re- requiring minute amounts of samples, but it is applicable
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only to guests in the ionised form; molecular modeling has [5] S.0. Ogwu, M.J. Alcala, R. Bhardwaj, J. Blanchard, J. Pharm.

only a predictive value and is suitable for a preliminary rapid Biomed. Anal. 19 (1999) 391-397.
screening before experimental determinations. Moreover, the [ Jlllghf;é C.M. Ohnmacht, D.S. Hage, J. Chromatogr. A 1033 (2004)

Kst values obtained with the different techniques were rather 71 K.L. Rundlett, DW. Armstrong, J. Chromatogr. A 721 (1996)
different, probably due to the differences in the experimental 173-186.
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is furthgr demonstrated by the largely different vaIugs '€ [10] E. Junquera, E. Aicart, J. Phys. Chem. B 101 (1997) 7163-7171.

ported in the literature for the FLUBCyd complex stability [11] N. Ono, F. Hirayama, K. Uekama, in: J.J. Torres-Labandeira, J.L.

constan{16,18,25-27] Vila-Jato (Eds.), Proceedings of the Nineth International Symposium
However all the examined methods indicated the on Cyclodextrins, Kluwer Academic Publishers, 1998, pp. 301-304.

methyl-derivative as the most powerful complexing 12 Tésofgé F. Hirayama, K. Uekama, Eur. J. Pharm. Sci. 8 (1999)

agent for the drug, by observing this general trend: ;3 vt Faucci, F. Melani, P. Mura, Chem. Phys. Lett. 358 (2002)

Ksi(MeBCyd) »Ks((HERCyd) >Ks(BCyd). Only in the case 383-390.
of the ACE method was an inversion of the trend found be- [14] F. Melani, P. Mura, M. Adamo, F. Maestrelli, P. Gratteri, C. Bonac-
tween HEBBCyd andBCyd, and it was attributed to the lower cini, Chem. Phys. Lett. 370 (2003) 280-292.

molecular weight of the FLU complex with the natural Cyd, [15] T- Higuchi, K.A. Connors, Adv. Anal. Chem. Instrum. 4 (1965)

which became in this case more important in determining the 117212,

: . . 2 [16] M. Otagiri, T. Imai, N. Matsuo, K. Uekama, Acta Pharm. Suec. 20
complex electrophoretic mobility than the different affinity (1983) 1-10.
of the drug for such Cyds. [17] M. Otagiri, T. Imai, F. Hirayama, K. Uekama, M. Yamasaki, Acta

Pharm. Suec. 20 (1983) 11-20.
[18] T. Imai, M. Otagiri, H. Saito, K. Uekama, Chem. Pharm. Bull. 36
(1988) 354-359.

Acknowledgment [19] N.H.H. Heegaard, Electrophoresis 24 (2003) 3879-3891.
[20] P. Mura, L. Celesti, D. Proietti, S. Corsi, S. Furlanetto, P. Corti, Acta
Financial support from the Italian Ministry of University Tech. Leg. Med. 4 (1993) 121-136.
is gratefully acknowledged. [21] K. Schittkowsky, EASY OPT User's Guide, Mathematics Depart-

ment, Bayreuth University, Germany, 1999.
[22] T. Loftsson, B. Olafsdottir, H. Frioriksdottir, S.0dsdottir, Eur. J.
Pharm. Sci. 1 (1993) 95-101.

References [23] P. Mura, N. Zerrouck, M.T. Faucci, F. Maestrelli, C. Chemtob, Eur.
J. Pharm. Biopharm. 54 (2002) 181-191.
[1] J. Szejtli, Drug Invest. 2 (1990) 11-21. [24] K.L. Larsen, W. Zimmermann, J. Chromatogr. A 836 (1999) 3-14.
[2] A.R. Hedges, Chem. Rev. 98 (1998) 2035-2044. [25] K. Uekama, T. Imai, T. Maeda, F. Hirayama, M. Otagiri, J. Pharm.
[3] K.H. Fromming, J. Szejtli, Cyclodextrin in Pharmacy, Kluwer Aca- Sci. 74 (1985) 841-845.
demic Publishers, Dordrecht, 1994. [26] H.W. Frijlink, E.J.F. Franssen, A.C. Eissens, R. Oosting, C.F. Lerk,
[4] F. Hirayama, K. Uekama, in: D. Duchene (Ed.), Cyclodextrin and D.K.F. Meijer, Pharm. Res. 8 (1991) 380-384.

their Industrial Uses, Editions De SéntParis, 1987, pp. 131-172. [27] H. Ueda, J.H. Perrin, J. Pharm. Biomed. Anal. 4 (1986) 107-110.



	Determination of stability constant values of flurbiprofen-cyclodextrin complexes using different techniques
	Introduction
	Materials and methods
	Materials
	Phase-solubility studies
	Membrane permeation studies
	Affinity capillary electrophoresis (ACE)
	Molecular modeling studies

	Results and discussion
	Phase-solubility studies
	Membrane permeation studies
	Affinity capillary electrophoresis (ACE)
	Molecular modeling

	Conclusions
	Acknowledgment
	References


