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ABSTRACT

Capillary electrophoresis has been used to determine binding constants of tioconazole enantiomers with hydroxypropyl-f-cyclodex-
rin (HP-B-CD), after correcting for changes in mobility with increasing viscosity. The predicted and observed values of enantiomeric
mobility difference were found to be maximum at a concentration of HP-g-CD equal to the reciprocal of the average binding constant.

INTRODUCTION

Capillary electrophoresis (CE) is an analytical
technique that achieves separation of water-soluble
analytes based on the principles of the electrically-
driven flow of ions in solution, using a high-voltage
potential [1,2]. The technique has been shown to be
ideal for chiral separations when used in conjunc-
tion with chiral additives [3-5] which differentiate
between enantiomers through dynamic equilibrium
to form host—guest complexes. Previous studies us-
ing CE for chiral analysis have been limited to the
achievement of satisfactory separation, though a re-
cent paper has provided experimental and theoret-
ical support for a simple model of optimisation of
separation [6]. The present work shows how tioco-
nazole enantiomers can be separated using hydroxy-
propyl-g-cyclodextrin (HP-8-CD) as a chiral addi-
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tive, and discusses the importance of an under-
standing of solution viscosity in quantitatively in-
terpreting the data. Binding constants are obtained
from measurements of viscosity and ionic mobilities
as a function of HP--CD concentration.

Tioconazole (Fig. 1) is a broad spectrum imid-
azole antifungal agent used in the topical treatment
of fungal infections [7]. A high-performance liquid
chromatographic (HPLC) method has been opti-
mised for separation of the enantiomers using a
B-cyclodextrin chiral stationary phase [8]. Tiocona-
zole has been shown by NMR to form a 1:1 com-
plex with cyclodextrin [9].

In our CE study the use of HP--CD (Fig. 1) was
found to be more informative than that of native
B-cyclodextrin as the former has greater solubility
and could be studied over the full range of complex-
ation with weakly-binding substrates such as tioco-
nazole. Optimum separations were obtained at pH
4.3 with 25% methanol (a 27.5% methariol-water
eluent at pH 4.3 was previously found to be opti-
mum in the HPLC separation).
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Fig. 1. Structures of tioconazole (R) and (S) forms, and structure of hydroxypropyl-g-cyclodextrin.

EXPERIMENTAL

Experiments were carried out on a P/ACE 2100
system (Beckman, High Wycombe, UK). The
fused-silica separation capillary had an internal di-
ameter of 50 um, a total length of 57 cm and a
length of 50 cm from inlet to detector. Detection
was carried out using UV absorbance at 230 nm.
The samples were loaded by a 1-s pressure injection
(corresponding to an injected volume of 1 nl), from
a 1-mM solution of tioconazole in run buffer. Each
experiment was carried out in triplicate.

HP-$-CD (degree of substitution, DS = 0.6) was
a gift from Wacker Chemicals (Halifax, UK). Tio-
conazole and its single enantiomers were provided
by Pfizer Central Research. All other materials were
from Aldrich (Gillingham, UK). The phosphate-
citrate buffer was prepared by 5-fold dilution of a
0.1 M citric acid—0.2 M Na,HPO, mixture with pH
4.3. Methanol was added in the ratio 25% metha-
nol-buffer (25:75), giving a final ionic strength 0.03
mol kg~ !. HP-8-CD was dissolved at various con-
centrations in this buffer system.

Viscosity was measured using a semimicro Ubbe-
lohde suspended-level capillary viscometer, with a
bulb capacity of approximately 1.5 cm3. This was
held in a thermostatted water bath (Townson and
Mercer, Croydon, UK) with temperature control to
+0.05°C. Viscosity was measured at 25.0°C, the
temperature corresponding to the CE experiments.

All the efflux times for the viscometer were greater
than the required minimum of 100 s. An average of
three or more efflux times for each concentration
was recorded, and the viscosity of the solutions cal-
culated relative to the CE run buffer without added
HP-$-CD.

RESULTS AND DISCUSSION

Electropherograms at a series of HP--CD con-
centrations are given in Fig. 2. The (—) enantiomer
of tioconazole was found to migrate first in the buff-
er system. Enantiomeric resolution of tioconazole
was achieved a concentration of HP-$-CD of
around 5 mM. At high concentrations of HP--CD
(above 40 mM) the two enantiomers migrated to-
gether and there was no chiral separation, but the
mobility continued to decrease with increasing HP-
B-CD concentration suggesting that viscosity varia-
tion [10,11] was contributing to a change in migra-
tion time.

Relative viscosity, 1./n0, was determined using a
thermostatted capillary viscometer. Viscosity in-
creased with concentration in a power series as ex-
pected [12]. The curve fitted to the data has the
form,

fe/fo = 1 + 1.395 ¢ + 35.89 ¢? )

where c = HP-8-CD concentration. At 90 mAM HP-
B-D, n was found to be 40% greater than without
any additive.
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Fig. 2. Separation of tioconazole enantiomers with (A) no HP--CD in the buffer, (B) 10 mM HP-8-CD, (C) 20 mM HP-3-CD, (D) 60
mM HP-$-CD. Eluent: methanol-buffer (25:75); buffer: phosphate-citrate solution, pH 4.3; ionic strength 0.03 mol kg™ !. Apparatus:
Beckman P/ACE 2100; capillary 50 um 1.D., 57 cm length; temperature, 25°C; detection at 230 nm.

Electrophoretic mobility, u, was determined for
tioconazole by subtracting the electroosmotic flow
mobility obtained using mesityl oxide as neutral
marker from the observed mobility, us. Electro-
phoretic mobilities corrected to ¢ = 0 (u') were ob-
tained using n values from eqn. 1 (cf. ref. 6).

He = HMc/Mo @

Mobilities corrected in this way are given in Fig.
3. The dependence of u; on HP--CD concentration
was found to follow a binding equilibrium curve.
Values of the binding constant, K, and the corrected
mobility of the complex, u,, were established from
a least-squares fit of the data in Fig: 3 to the func-
tion,

Bo — pe

-, T = Ke 3
He = Koo ®)
The mobility of tioconazole (g = 1.42 - 107* cm?
V~1! 571) is greater than that of the tioconazole—
HP-$-CD complex (u, = 0.47-10"*cm? V=157 1)
because of its smaller size. Mobility is a function of

the charge-to-size ratio, and at pH 4.3 both species
bear a single positive charge since tioconazole has a
pK, of 6.5. Binding constants for the enantiomers
are K-y = 201 £ 10 M~ ' and K4, = 231 £ 12

Mobility / 10 4em2V -1 g
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Fig. 3. Corrected electrophoretic mobilities of (A) (—)
enantiomer, (B) (+) enantiomer as a function of HP-8-CD con-
centration. Data fitted to binding equilibrium curve, giving K, _,
=201 £ I0M 'and K, =231 £ 12M™".
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AM™*. When viscosity changes were not taken into
account and the uncorrected data were fitted using
4c and not yg in eqn. 3, the binding constants were
considerably lower and the variance 2 higher, sug-
gesting a poorer fit of the data. This shows that it is
imperative to correct for viscosity changes when de-
termining binding constants from data for weak
substrate binding to cyclodextrins. It should be
noted that molecular modelling [9], which has been
used to predict that the strongest binding to tioco-
nazole will occur with -CD in the series a-, -, y-Cy-
clodextrin, would suggest a much higher binding
constant than is observed.

By considering variation of y; in eqn. 3 with K it

ility diff A’ £
may be shown that the mobility difference 4y’ for

the enantiomers is dependent on AK, the difference
of binding constants K,_, and K,.), via the relation-
ship,

Ap,  —AK Ke @)

Ho — Mo K (1 +Kep?
where K is the average binding constant. Eqn. 4 may
be compared with that in ref. 6, and its use provides

the most accurate method of determining the differ-
ence in binding constants between enantiomers.
Fig. 4 plots both terms of eqn. 4 as a function of the
variable log Kc, and gives AK = 34 £ 4 M * from
the least-squares fit. Maximum value of the mobil-

ity difference occurs when the concentration is the
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reciprocal of the average binding constant, i.e., Kc

AKc /(1 + Ke) 2x 100
w
T
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Fig. 4. Enantiomeric mobility difference measured as a function
of HP-B-CD concentration (experimental points) superimposed
upon a theoretical plot from which the binding constant differ-
ence AK is obtained. AK = 34 + 4 M~ ! from a least squares fit,

with the average binding constant K = 216 ML
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= 1, ¢ = 4.63 mM. The theoretical anaiysis may
readily be extended to show that the maximum val-
ue of the resolution [2], which is proportional to

oportiona
A/ ons, Occurs when

o= : 4 €T 1/2

= I{, TRy THR Y]
i \Heo ' HOJ/\Heo ' Ho)l

™

(s)
where f., is the electroosmotic flow mobility. For
tioconazole and its HP-§-CD compiex at pH 4.3,
[(Meo + H0)/(Ueo t Ho)] = 2.06, and for maximum
resolution ¢ = 6.65 mM.

CONCLUSIONS

The use of a CE apparatus to measure mobilities

offers a very convenient way of determining binding
constants of drugs to cyclodextrins. Differential
binding of enantiomers is predicted and observed to
be maximum when the cyclodextrin concentration
is equal to the reciprocal of the average binding
constant. Plans for future work include temperature

dependence studies to allow enthalpy changes on

hindino to he calenlatad far individual anantinms
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