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Abstract The inclusion complexes between fusidate,
3-keto fusidate, 11-keto fusidate and 11-deoxy fusidate
and o-, i-, and y-cyclodextrin (CD) were studied using
capillary electrophoresis. By monitoring the changes in
mobility of the negatively charged compounds in the
presence of varying amount of CD the stability con-
stants of the complexes formed could be obtained. In
the case of a- and -CD the obtained results could be
modelled to a simple model assuming 1:1 stoichiome-
try, revealing, not surprisingly, that f-CD formed a
stronger complex compared to o-CD. A model
assuming 1:2 (fusidate:CD) stoichiometry could be fit-
ted to the data obtained with y-CD. The results showed
that the different fusidanes formed very strong 1:1
complexes with y-CD as well as a quite weak 1:2
complex. 3-keto-, 11-keto- and 11-deoxy-fusidate
formed stronger complexes compared to fusidate,
probably due to an decrease in hydrophilicity caused
by the reduced number of hydroxyl groups. The com-
plex between y-CD and fusidate was studied by use of
2D-NMR spectroscopy. The results showed that most
of the hydrogen atoms of fusidate show interactions
with the hydrogen atoms in the cavity of y-CD. The
interaction pattern suggests that fusidate may be fully
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embedded in the cavity of y-CD. No interactions
between fusidate and the hydrogen atoms situated at
the outside of the CD were found.
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CD Cyclodextrin

COSY Correlation spectroscopy

DQF Double Quantum Filtered

ROESY Rotating Overhauser Effect Spectroscopy
Introduction

Fusidic acid is a steroid-like antibiotic compound
belonging to the group of fusidanes produced by fer-
mentation by the fungus Fusidium coccineum (Fig. 1).
Fusidic acid is widely used in dermatology [1] and is
marketed in a wide range of formulations for oral,
topical and intravenous use [2].

Cyclodextrins, cyclic a-1,4 linked glucose oligosac-
charides, are well known to be able to form complexes
with steroid and steroid like molecules, resulting in
complexes with often higher solubility, dissolution rate
and bioavailability, compared to the drug alone [3-0].
This has spurred a numbers of studies on the structure-
complex stability relationship between steroids and
cyclodextrins [7-11], as well as detailed structural
studies of the complexes formed between cyclodextrins
and steroids and steroid like molecules [11-19].
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Fig. 1 Chemical structure of fusidic acid

A detailed study of the complex between f- and y-CD
and fusidate based on various NMR techniques has
been published previously [17, 18]. They show that
y-CD forms 1:1 complexes with fusidate, where the
fusidate is fully accommodated in the cavity of the CD.
p-CD on the other hand was found to form 1:2
(fusidate:CD) complexes with one f-CD covering each
end of the molecule.

In this work we present a study of the complexes
formed by fusidate and three related compounds with
a- - and y-CD by use of affinity capillary electropho-
resis. Furthermore, the complex between fusidate and
y-CD was investigated by 2D-NMR.

Experimental
Chemicals

Pharmaceutical grade cyclodextrins were obtained
from Wacker-Chemie, Vallensbak, Denmark. Fusidic
acid, 11-deoxy fusidic acid, 3-ketofusidic acid and
11-keto fusidic acid was provided by Lgvens Kemiske
Fabrik, Ballerup, Denmark.

Capillary electrophoresis

Capillary electrophoresis was performed on a
Beckman P/ACE MDQ (Beckman-Coulter, Fullerton,
CA) equipped with a photodiode array detector. Fused
silica capillaries with an inner diameter of 50 um were
obtained from Composite Metal Services LTD.,
Worcester, UK. CE analyses were performed in cap-
illaries of a total length of 50 cm with 40.2 cm to the
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detector. Prior to first usage the capillaries were
cleaned with 0.1 M HCI for 5 min at 40 psi, 0.1 M
NaOH for 5 min at 40 psi and water for 2 min at
40 psi. Prior to analysis the capillaries were cleaned
using 0.1 M NaOH for 30 s at 40 psi and water for 6 s
at 20 psi. The capillaries were filled with buffer con-
taining 50 mM phosphate buffer pH 8.0 and varying
concentrations of cyclodextrins. Samples containing
2 mM solutions of fusidic acid and related compounds
in 50 mM phosphate buffer, pH 8.0 containing 35 mM
7-CD were injected by applying vacuum for 5s at
0.5 psi at the anionic side of the capillary. Before
separation was commenced a small amount of the
buffer solution was injected by applying a pressure of
0.5 psi for 10 s to the anionic side of the capillary.
Separation was carried out using two identical buffer
reservoirs applying 15 kV for 15 min. Temperature
was kept constant at 25 °C and absorbance was moni-
tored from 190 to 300 nm. About 2 mM 4-iodo ben-
zoate and 1 mM benzyl alcohol was used as intern
standard and EOF marker respectively.

NMR

NMR spectra were recorded on a BRUKER DRX600
spectrometer equipped with a 5 mm triple axis gradi-
ent TXI(H/C/N) probe. The NMR samples consisted of
25 mM fusidic acid and 25 mM y-CD in D,O. pD was
adjusted to 9.5 (uncorrected meter readings) by addi-
tion of NaOD. All the spectra were recorded at 298 K.
'H 2D DQF-COSY and ROESY with a 250 ms
continuous wave spin-lock of 1.4 kHz was applied to
obtain the assignment. The NMR data were processed
with the BRUKER XwinNMR Ver. 2.5 software and
the spectral analysis was done with XEASY Ver.
1.3.13 [20].

Results and discussion
Capillary electrophoresis

The stability of the inclusion complexes formed
between four fusidates and -, - and y-CD was studied
by use of capillary electrophoresis using the direct
absorbency detection methodology as described by
Larsen and Zimmerman, 1999 [21] and Lee and Lin,
1996 [22]. Complex formation between the CD and
the charged guest molecules will result in a reduction in
the effective electrophoretic mobility of the guest
molecule. By monitoring the change in electrophoretic
mobility of the fusidates as function of the concentration
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of CD the stability constants can be derived by fittingthe 4, 8
data to appropriate equations. Assuming the formation E 7
of 1:1 complexes between the guest molecule and CD, [ g |
the stability constant (K;.;) and the mobility of the “E 5 =
complex (uacp—) can be obtained by non-linear T4 <
regression analysis based on eq. 1. $ 5 A
s 7 o
K=
fa- + K X [CD]yX piacp- s 27
Ap = —Up- = — UA- 2
K= Heft — Ha 1+ K11 % [CD], Ha ;Z 14
E 0 T T T
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Where p.g is the effective mobility of the guest, ua_ is
the mobility of the guest in absence of cyclodextrins,
[CD]y is the concentration of CD in the buffer solu-
tions. The mobility change Au can be derived by sub-
tracting the mobility of the guest in pure buffer solution
ua_ from the effective mobility pes 1ta— Was measured
in 50 mM phosphate buffer, pH 8.0 to —1.27 x 107,
-1.30x 107, -125x 10" and -0.76 x 10* cm*V's™"
for fusidate, 3-keto fusidate, 11-keto fusidate and
11-deoxy fusidate, respectively.

In the case of a- and -CD it was possible to fit the
data to an equation assuming a 1:1 complex stoichi-
ometry (Figs. 2, 3). This was not the case for the data
obtained with y-CD. Therefore an equation assuming
1:2 [guest:CD] complex stoichiometry was developed,
Eq. 2

Ua- + K1 % [CD}OX.uACD’ + K1 x K X [CD]SXHACD;

[3-CD] mM

Fig. 3 Electrophoretic mobility change of fusidates as function
of f-cyclodextrin concentration in 50 mM phosphate buffer pH
8.0 at 25°C. e, fusidate; o, 11-keto fusidate; m, 3-keto fusidate.
Solid curves were generated from Eq. 1 assuming a 1:1 complex
stoichiometry using the parameters obtained by non-linear
regression analysis

where Ki, and pacp, denotes the stability constant
and mobility of the 1:2 complex, respectively. Using
this equation it was possible to fit the data obtained for
the complexes of the fusidates with y-CD (Fig. 4). The
stability constants obtained (Table 1) reveal that all
three CD’s form complexes with the fusidates in the
strength order for a-CD < -CD < y-CD. a-CD formed
relatively weak complexes which were also expected,
since the fusidates or parts of the molecules are too

Ap = pegr — pa- = Ha- (2)
2 A
1 + Kj.1 X [CD](]"V‘KLI x K5 X [CD]O
X 74 : 7 4
o g o o
> 50
§ 57 51
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S 2 2 X < S 2
2 2
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3 2
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Fig. 2 Electrophoretic mobility change of fusidates as function
of a-cyclodextrin concentration in 50 mM phosphate buffer pH
8.0 at 25°C. e, fusidate; o, 11-keto fusidate; m, 3-keto fusidate; x ,
11-deoxy fusidate. Solid curves were generated from Eq. 1
assuming a 1:1 complex stoichiometry using the parameters
obtained by non-linear regression analysis

Fig. 4 Electrophoretic mobility change of fusidates as function
of y-cyclodextrin concentration in 50 mM phosphate buffer pH
8.0 at 25°C. o, fusidate; o, 11-keto fusidate; m, 3-keto fusidate; x ,
11-deoxy fusidate. Solid curves were generated from Eq. 2
assuming a 1:2 (y-CD:fusidate) complex stoichiometry using the
parameters obtained by non-linear regression analysis
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Table 1 Inclusion complex stability constants for fusidate and
related compounds with «-, -, and y-CD in 50 mM phosphate
buffer pH 8.0 at 25°C

a-CD p-CD y-CD

Log STD Log STD Log STD Log STD

Kl:l K1:I Kl:l KI:Z
Fusidate 1.67 0.03 258 0.04 3.87 0.02 089 0.01
3-keto 1.90 0.03 293 0.03 437 0.12 0.63 0.02
fusidate

11-keto 1.44 006 251 0.03 415 0.06 063 0.02
fusidate
11-deoxy 223 0.11 262 0.18 437 0.09 0.63 0.02
fusidate

bulky to fit into the narrow cavity of «-CD. Our data
suggest that f-CD form a relative strong 1:1 complex
with the fusidates. This contrasts the results presented
by Al-Soufi and co-workers [18] who by use of
1D-NMR and 2D-NMR techniques show that -CD
can form 1:1 and 1:2 complexes of similar strength with
log Ky.4 = 3.9 and log K., = 3.3, in the case of sodium
fusidate. Furthermore, under our experimental condi-
tions the stability constant with fusidate was found to
be considerable lower, log Ki.; = 2.58. The strongest
complexes were found with y-CD, but as mentioned
above the data failed to be modelled by assuming a
simple 1:1 complex stoichiometry. Only a more elab-
orate 1:2 model could sufficiently describe the data
obtained. The data reveals that y-CD formed a strong
1:1 complex, log K;; =39, and a very weak 1:2
complex, log K;, = 0.9 with fusidate. Albeit that the
complex strength is similar to that found for sodium
fusidate, log K.; = 4.8, Al-Soufi et al. [18], did not find
any evidence for the presence of a 1:2 complex in the
case of y-CD. A 2D-NMR study of the complexes be-
tween sodium fusidate and - and y-CD, respectively,
have been presented by Jover et al. [17]. They show
that fusidate is fully embedded into the cavity of y-CD,
whereas -CD only is capable in forming complexes
with the A and B-rings as well as the side chains,
supporting the probability that f-CD can form 1:2
complexes. Although it might look as if the results
presented here and the results presented by Jover et al.
[17], and Al-Soufi et al. [18] were conflicting, the
differences found can be explained by the strengths
and limitations of the different analysis techniques, as
well as the difficulty to distinguish between higher or-
der complexes. Analysis of CD complexes by affinity
capillary electrophoresis has the strength to reveal very
weak interactions (e.g. Larsen et al. (1998) [23] and
Larsen and Zimmerman (1999) [21]), which can be
seen here by the discovery of a very weak 1:2 complex
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formed between the fusidates and y-CD. Stability
constants of this strength are often too low to be
measured for most experimental techniques, including
NMR based methods. On the other hand the capillary
electrophoresis technique was not able to discern
between an interaction consisting of a 1:1 complex and
one consisting of 1:1 and 1:2 complexes of similar
strength which may exists in the case of - and -CD.

When comparing the stability constants obtained for
the different complexes formed between the fusidates
and the CD’s, the stability constants of o- and -CD are
in general only minimally affected by the exchange of
polar hydroxyl groups to less polar carbonyl groups.
This correlates well with the assumption that these
CD’s primarily interact with the outer parts of the
molecule. In contrast the complexes formed with y-CD
and the fusidates show a general tendency towards
stronger complexes in agreement with the notion that
y-CD fully encircles the central part of fusidate (ring C
and D) as shown by Jover et al. [17].

NMR

The complex between y-CD and fusidate was studied
by 2D-ROESY NMR (Fig. 5). It was only possible to
fully distinguish the interaction between fusidate
protons and C-5 protons from the cavity of y-CD.
Signals from C-3 and C-6 protons overlapped and
could not be separated. No interaction with protons
on the surface of the CD was detected. The interac-
tion pattern obtained reveals that fusidate is embed-
ded in the cavity of y-CD with strong signals between
the C-3/C-6 and C-5 protons to several protons
distributed all over the molecule, with the strongest
signals found on the B, C, and D-rings (Table 2). This
shows that several complex geometries including
different orientations of fusidate in the cavity are
present simultaneously. This is partly consistent with
the results presented by Jover et al. [17], who also
find a strong interaction between the cavity protons of
y-CD and the C and D-ring of fusidate. In contrast to
our results they did not find any signals to either the
A of B-ring of the molecule. The differences observed
between the NMR data of Jover et al. [17] and our
own data can to a large extent be ascribed to the
different concentrations used. We operated at higher
sample concentrations and therefore a higher amount
of complex in the sample tube, allowing us to also
detect weaker interactions (stemming from less
populated conformations). Most of the interactions
that we observe in contrast to Jover et al. [17], are
weak, whereas those interactions observed by both of
us, tend to be strong interactions.
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Fig. 5 Area of 2D-ROSEY spectrum of y-cyclodextrin and
fusidic acid

Table 2 Relative intensity of ROSEY intermolecular cross-
peaks observed between protons of fusidate and y-cyclodextrin

Location C-atom H-3/6 H-5
A ring 1o ++ +
18 ++ +
20 - -
2p ++
38 - -
4p (+)
A/B-ring 5p
19 +++ +++
B-ring 60 ++ +
6p + +
To + +
78 + +
B/C-ring 9 - -
32 +++ +++
C-ring 118 +++ +++
124 + +
124 ++ +
C/D-ring 130 ++ ++
18 ++ ++
D-ring 150 ++ +
158 + +
160 +++ ++
Side chain 22 +
23
24 ++ +
26
27
Ester 34

Weak, +; m, ++; strong, +++; could not be resolved, —

Conclusion

Affinity capillary electrophoretic studied suggest that
o- and -CD form 1:1 complexes with all fusidanes

studies. y-CD was found to form 1:2 complexes,
consisting of one relatively strong complex 1:1 complex
and a very weak 1:2 complex. The stabilities of the
inclusion complexes found for the fusidanes studied
were, especially in the case of y-CD, affected by
exchange of polar substituents to less polar ones.
2D-NMR revealed that fusidate can be fully included
into the cavity of y-CD.
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