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ABSTRACT

A liquid chromatographic method using flucrescence detection for the determination of S-cycledextrin (fCD) and its derivatives is
presented. The chromatographic system is based on size-cxclusion chromatography with the addition of the fluoropheric compound
1-naphthol to the mobile phase. Detection is based on fluorescence enhancement caused by the formation of inclusion complexes. By
incorporating 10™* A 1-naphthol in the mobile phase, detection limits of 90, 27, 370 and 37 pmol were obtained for FCD, hydroxypro-
pyl-BCD, trimethyl-fCD and dimethyl-BCD, respectively. The method was applied to the determination of dimethyl-8CD in urine: the
minimum detectable concentration was 0.2 yg/ml after preconcentration of 10 ml of urine.

INTRODUCTION

Methylated f-cyclodextrins (fCDs, Fig. 1)
consist of seven glucopyranose units, in which
two of the three OH groups of every unit, at the
2- and 6-positions, are methylated to an OCH3
group. The formation of inclusion complexes
with fCDs changes a variety of physicochemical
propertics of the guest molecule, ¢.g. its solubil-
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ity, chemical reactivity or dissociation constant.
BCDs and their derivatives are therefore used in
pharmaceutical research to improve drug stabil-
ity, dissolution rate and bioavailability [1]. Since
unmodified fCDs arc only rarely soluble in wa-
ter, cyclodextrins modified by methylation, for
example, are used for pharmaceutical applica-
tions [2].

Some BCDs and derivatives, such as dimethyl-
BCD (DMBCD), have been applied as solubiliz-
ers and enhancers of drug absorption in nasal
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Fig. |. Structures of S-cyclodextrin and its derivatives.

drug delivery [3.4]. From animal experiments it is
known that DMSCD after oral administration is
not metabolized and is absorbed only in traces
[5]. After intraveneous administration DMBCD
is cleared by glomerular filtration [6]. In order to
perform pharmacokinetic studies, sensitive bio-
analytical methods arc required for the determi-
nation of #CD derivatives in, for example, plas-
ma or urine. A major obstacle to the develop-
ment of such methods is the total absence of
chromophoric, electroactive or chemically reac-
tive functional groups. Although unmodified cy-
clodextrins can be detected rather sensitively by
pulsed-amperometric detection [7,8], modilica-
tion of the hydroxyl groups by methylation leads
lo a drastic decrease in sensitivity using this de-
tection principle. Analytical methods for methy-
lated cyclodextrins described so far are based ei-
ther on indirect detection [9,10] or on inclusion
complex formation [11-13]. In the latter case the
decrease of colour intensity of alkaline phenol-
phthalein upon inclusion complexation with
ACDs has been exploited in the post-column re-
action mode.

The most elegant feature of this detection prin-
ciple 1s its inherent sclectivity, considering the
limited number of compounds capable of reduc-
ing the colour intensity of alkaline phenolphtha-
lein. Since detection is based on the reduction of
the detector signal against a high background,
the detection limits obtained are still rather high,
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This paper describes the use of fluorescence en-
hancement as a detection method for modified
cyclodextrins. Detection 1s based on the increase
of fluorescence intensity of fluorophores upon
formation of inclusion complexes. A thorough
discussion of the factors that influence this in-
crease has been presented by Frankewich ef al
[14]. This technique 1s widely used for the deter-
mination of fluorophoric compounds where fluo-
rescence 1s quenched by water molecules or sol-
vent-borne quenchers [15,16]. Since the forma-
tion of luorescent inclusion complexes 1s an equi-
librium reaction, the use of fluorophores for the
determination of cyclodextrins should equally be
possible.

The present method has been applied to the
determination of DMPCD in urine. In a volun-
teer pilot study, DMBCD levels were measured in
six urine samples from a femaie taking Estranasal
(estradiol-DMpBCD 2% nasal spray) and four
urine samples from a male taking a DMACD 5%
nasal spray.

FXPERIMENTAL

Chemicals

BCD and DMBCD were obtained from Avebe
{Vecndam, Netherlands), hydroxypropyl-pCD
(HPBCD) from Janssen (Tilburg, Netherlands)
and trimethyl-fCD (TMBCD) from Janssen Bio-
tech (Geel, Belgium). 1-Naphthol and 2-naphthol
(both from Merck, Darmstadt, Germany), Rho-
daminc 6G and l-anilino-8-naphthalenesulpho-
nate (ANS) (both from Sigma, St. Louis, MO,
USA) were usced as obtained.

The buffers used were prepared from sodium
hydroxide and phosphoric acid 85%, both of
analytical grade (Merck). Sodium chloride was of
high purity and obtained from Merck. Ethanol
and methanol were obtained from Baker (Deven-
ter, Netherlands). Acetonitrile was purchased
from Rathburn (Walkerburn, UK). Demineral-
ized water was filtercd over a 0.2-um filter.

Apparatus
The liquid chromatographic system consisted
of a Jasco Model Familic-3008 isocratic pump
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(Japan Spectroscopic, Tokyo, Japan) and a
Promis autosampler (Spark Holland, Emmen,
Netherlands) equipped with a 20-ul loop. Fluo-
rescence detection was performed with a Shimad-
zu (Kyoto, Japan) fluorescence spectromonitor,
Model RF 530, operated at an excitation wave-
length of 290 nm and an emission wavelength of
360 nm. The detector signal was monitored by an
Axxi-Chrom 727 chromatography data station
(Axxiom Chromatography, Calabasas, CA,
USA). All experiments with regard to the choice
of fluorophore and the influence of organic mod-
ifier were carried out in batch on a Perkin-Elmer
(Beaconsfield, UK) fluorescence spectrophotom-
eter, Model MPF 4.

Chromalographic system

Chromatography was performed on different
stutionary phases: a CarboPac PA1 column (2350
mm * 4.6 mm 1.D.) (Dionex, Sunnyvalc, CA,
USA), a laboratory-packed LiChrosorb RP-2,
S-pm column (100 mm * 3 mm 1.D.) (Merck), a
TSK gel 3000 SW column, 10 pm (300 mm x 7.5
mm 0.D.) (Hewlett Packard, Amstelveen, Neth-
erlands) and a TSK guard column SWXL (40
mm X 6 mm 1.D.). The eluent on the TSK guard
column was 10~* M 1-naphthol in methanol-wa-
ter (1:99, v/v). Chromatography was performed
at ambient temperature at a flow-rate of 0.25 mi/
min,

Sample pretreatinent

The extraction cartridges consisted of plass
Pasteur pipettes (100 mm X 5.0 mm 1.D.) con-

TABLE I
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taining a plug of cotton-woal, The pipettes were
dry-packed with 100 mg of Polygosil C,5 40-63
um (Machcrey & Nagel, Diiren, Germany), con-
ditioned before analysis with 5 ml of methanol
and 7 ml of water.

The urine samples (10 ml) were loaded onto
the C, 5 extraction cartridges, which were washed
afterwards with 2 ml of water and 8 ml of metha-
nol-water (50:50, v/v). The residual on-column
liquid phase was discarded by vacuum, and the
column was cluted with 2 ml of methanol. This
residue was evaporated in a vortex evaporator
(Haake Buichler Instruments, Lenexa, KS, USA)
at 35°C. The residue was dissolved in 0.25 ml of
mobile phase, and 20 ul were injected into the
chromatographic system. Calibration curves
were obtained by adding known amounts of the
analyte to blank urine of a healthy volunteer.

RESULTS AND DISCUSSION

Optimization of the detection system

Choice of fluorophore. The detection of SCDs
by mcans of fluorescence enhancement requires
cither the incorporation of the fluorophore into
the eluent or its post-column addition. In hoth
cases a suitable fluorophore should provide high
enhancement factors but produce only low back-
ground fluorescence. Table [ shows the enhance-
ment factors obtained in batch cxperiments [or
I-naphthol, 2-naphthol, Rhodamine 6G and
ANS in the presence of different cyclodextrins.
Obviously, only BCD derivatives can form inclu-
sion complexes strong enough to yield an enhan-

FLUORESCENCE ENHANCEMENT FACTORS OF DI'FERENT CYCLODEXTRINS

Lnhancement factor

Label o Concentration
(nm) (M)
xCD
1-Nuphthol 290/360 10°+ 1.5
2-Naphthol 310/360 10 % il
ANS 390/510 103 1.3
525/550 1077 1.0

Rhoduamine 6G

HP{CD

pCD yCD DMJCD  TMPCD

211 1.9 311 13.0 251
1.5 11 2.0 1.3 1.8
3l 43 9.8 3.2 211

1.1 1.0 2.0 2.1 16
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cement effect, whereas a- and yCDs form only
weak complexes with the fluorephore investigat-
ed. The enhancement effect is most pronounced
for 1-naphthol, which is in agreement with the
resilts of Frankewich e: «f. [14]. 1-Naphthol is
the most suitable candidate with respect to back-
ground fluorescence. 1-Naphthol, 2-naphthol
and ANS are weakly fluorescent, producing only
low background fluorescence, but Rhodamine
6G 1s a strong fluorophore and could be used
only at very low concentrations (10 7 M). All
further experiments were carried out with 1-
naphthol.

The stability constants for different fCDs with
I-naphthol were determined by measuring the
fluorescence at fixed SCD concentrations and
varying l-naphthol concentrations. Data analy-
sis was performed using non-linear least-squares
fitting. The stability constants for the 1-naphthol
complexes of SCD, DMBCD. TMBCD and
HPSCD (assuming 1:1 stoichiometry) are 2310,
1820. 3530 and 1780, respectively.

Influence of organic modifier content on fluo-
rescence enhancement. Since the formation of in-
clusion complexes is disturbed by organic sol-
vents, e.g. mobile phase modifiers such as metha-

enhancement factor
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nol or acetonitrile [12,14], the influence of com-
mon chromatographic solvents on {luorescence
enhancement was investigated. Fig. 2 shows the
dependence of the fluorescence enhancement fac-
tor of DMPCD on the contents of methanol, ace-
tonitrile and ethanol. Tt demonstrates that at a
methanol content higher than 10% a consider-
able decrease in fluorescence enhancement oc-
curs. The effect is even more pronounced (or ace-
tonitrile and cthanol. A maximum content of
10% methanol in the eluent, however, strongly
limits the choice ol stationary phase unless a
post-columnn dilution step 1s intended. The influ-
ence of these results on the design of the chro-
matographic system is discussed below.

Chromatographic system

Fluorescent inclusion c¢omplexes can  be
formed by the addition of the fluorophore to the
mobile phase, thereby avoiding a post-column re-
action detection system, which would require an
additional pump and result in extra-column
bandbroadening. Using in situ complex forma-
tion, the choice of the chromatographic system is
strongly determined by the physicochemical con-
ditions at which the inclusion complex is stable.

% modifier
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Fig. 2. Dependence of the flucrescence ecnhancement factor of DM ACD on the organic modifier content. A. acetonitrile; B. ethanol: C,

methanol.
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Fig. 3. Chromatogram of (1) HPCD, (2) fCD, (3 DMACD and

(4) TMSCD on a TSK guard column using the fluorescence en-
hancement detection system. Conditions as in Experimental.

Since organic modifier concentrations of higher
than 10% rcsult in a drastic decrease of fluores-
cence enhancement (see Fig. 2), reversed-phase
stationary phases (C,s, Cs and C, bonded silica)
would provide retention times that were too long
to be useful. On ion-exchange stationary phases,
such as CarboPac PAl, on the other hand,
DMACD was not retained at all. Size-exclusion
supports, such as TSK gel 3000 SW, werc the
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most suitable support for fast analysis of
DMBCD. Both the analytical column (300 mm
x 7.5 mm 1.D., 10-um particles) and the guard
column (40 mm x 6 mm L.D., 10-um particles)
were packed with TSK 3000 SW. Owing to the
high seleclivity of the detection principle, the
guard column provided sufficient separation effi-
ciency to allow the determination of DMACD in
urine.

Addition of l-naphthol to the mobile phase
did not change the chromatographic behaviour
of DMSCD. Fig. 3 shows a chromatogram of
HPBCD, CD, DMBCD and TMBCD on the
TSK guard column; HPSCD has the same reten-
tion as JCD. The rather broad peak obtained for
DMBCD can be explained by the heterogeneous
character of the analyte. The DMSCD formula-
tion used in these experiments consisted of a mix-
ture of DMpBCDs containing methyl groups at
positions 14, 15 and 16 [17]. With the present
chromatographic system and using in sifu inclu-
sion complexation (10~* M [-naphthol), detec--
tion limits (signal-to-noise ratio 3:1) of 90, 27,
370 and 37 pmol were obtained for pCD,
HPBCD, TMBCD and DMpCD, respectively.
The detector response was linear over two orders
of magnitude.

Determination of DMBCD in urine

Solid-phase extraction on C;s bonded silica
was used to perform off-line preconcentration.
Because of the high retention of DMBCD it was
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Fig. 4. Chromategrams of (a) blank urine, (b) urine spiked with 0.5 ug/ml DMJCD and (¢) urine from a female volunteer receiving a

nasal dose of 4 mg of DMJCD. Conditions as in Experimental.
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TABLE 11
VALIDATION OF THE METHOD
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Concenlration Frecision (%) Accuracy
(pg/ml) - : (%)
Day-to-day (n = 3) Within-day (7 = 3)
0.5 27 38 97.2
1.0 72 8.7 4.4
2.0 6.1 2.5 98.4
30 52 . 92.5
5.0 6.2 7.6 93.9

possible to wash the column with 10 ml of metha-
nol-water {50:50, v/v) without breakthrough of
the analyte. In this way an enrichment factor of
40 was obtained for DMACD while the majority
of low-molccular-mass urine componcnts were
removed. A chromatogram representing the de-
termination of 0.5 ug/ml DMFCD in urine is
shown in Fig. 4b.

The method was validated by a three-fold as-
say on Lhree consecutive days of blank urine sam-
ples to which different amounts of the compound
had been added. Six urine samples of 10 ml were
spiked with concentrations ranging from 0.2 to 5
png/ml, covering the relevant concentration range.
A typical regression line with the standard devia-
tion of slope and intercept is y = (23948 +
408)x — (6283 & 1143), where y represents the
peak area of DMBCD and x the concentration in
1g/ml; the correlation coefficient is 0.999. The re-
sults of the validation are summarized in Table
I1. In the relevant concentration range the meth-
od 1s linear, and the mean recovery over this
range s 93%. The determination limit, based on
a signal-to-noise ratio of 10, was 150 ng; the cor-
responding minimum detectable concentration in
urine was 0.2 pg/ml.

In a volunicer study, DMpBCD levels were
measured in six urine samples from a female tak-
ing Estranasal (estradiol-DMpCD 2% nasal
spray) and four urine samples from a male taking
a DMBCD 5% nasal spray. The levels of
DMACD that were found were 4.2 = 2.1 and 2.5
+ 1.7%, respectively, of the concentration ad-

ministered. This corresponds to a concentration
of 0.2-2.3 ug/ml DMACD in urine, indicating
that DMBCD is hardly adsorbed in men after
nasal application. An example for the determina-
tion of DMPCD in female urine (W2} 1s shown in
Fig. 4c.

CONCLUSION

p-Cyclodextrin and its derivatives can be deter-
mined by the formation of fluorescent inclusion
complexes with a suitable Huorophore. When
size-exclusion chromatography is used, free and
complexed CDs show no significant difference
in retention. Addition of the fluorophore to the
mobile phase results in in siru complexation,
making the use of a post-column reaction detec-
tion system unnecessary. The high selectivity of
this detection principle is demonstrated by the
determination of DMBCD in urine. After pre-
concentration of 10 ml of urine, virtually no in-
terfering matrix components were deteeted.
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