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Abstract

A selective method for the determination of sulphobutylether-b-cyclodextrin (SBECD) in human plasma has been
developed and validated over the range 4–200 mg ml−1. SBECD is extracted from plasma using end-capped
cyclohexyl solid phase extraction cartridges. This is followed by high performance size exclusion chromatography with
a mobile phase consisting of 1-naphthol (0.1 mM) in methanol-potassium nitrate (0.2 M) (1:9 v/v), 1 ml min−1. The
high aqueous content of the mobile phase quenches the fluorescence of 1-naphthol. However, the naphthol forms an
inclusion complex with SBECD. The non-polar ‘bucket’ environment of the inclusion region restores the fluorescence,
which is measured at excitation and emission wavelengths of 290 and 360 nm, respectively, when SBECD elutes from
the column. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cyclodextrins are cyclic oligosaccharides com-
posed of a-1,4-linked glucopyranose units which
form a truncated cone with a hydrophilic outer
surface and a hydrophobic cavity. Although,

larger rings have been produced, the three most
common cyclodextrins contain 6, 7 or 8 glucopy-
ranose units, denominated a-, b-, and g-cyclodex-
trin, respectively. Each glucopyranose unit
contributes one primary hydroxyl group to the
narrow edge of the cavity and two secondary
hydroxyl groups to the wide edge. These groups
can be substituted with a wide variety of other
groups to modify the cyclodextrin properties.

Because of their structure, cyclodextrins are
able to form inclusion complexes with lipophilic
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guest molecules. This has lead to their use as
additives in pharmaceutical, food and cosmetic
products [1]. A number of reviews describe their
use in the pharmaceutical industry where they
have been used as excipients to improve the solu-
bility, bioavailability, tolerability, and stability of
drugs [2–5].

A novel excipient for use with drugs of limited
aqueous solubility, sulphobutylether-b-cyclodex-
trin sodium (SBECD, Fig. 1) is a mixture of very
polar, structurally related compounds in which
butylsulphonic acid groups replace up to 10 of the
hydroxyl hydrogens in b-cyclodextrin. SBECD
has been used in a formulation designed to facili-
tate intramuscular administration of the anti-psy-
chotic agent ziprasidone to patients whose
symptoms preclude oral administration of this
drug [6]. Pfizer is also currently investigating its
use to enable an intravenous formulation of the
novel antifungal agent voriconazole.

Although they have been extensively used as
tools in the chromatographic separation of enan-
tiomers [7,8], the cyclodextrins themselves are ex-
tremely difficult to analyse in biological media
using standard techniques because, with only a
few exceptions, they contain no chromophore and
exist as a mixture of structurally related
compounds.

The few methods that have been published over
the last two decades use pulsed amperometric
[9,10], refractive index [11], ultraviolet (following
derivatisation) [11] and mass spectrometer [12]
detectors. A particularly interesting property of
the cyclodextrins is their ability to restore the
quenched fluorescence of certain guest molecules
in aqueous solutions [13]. This property has been
used for the spectrophotometric determination of
methyl-b-cyclodextrin in plasma and urine [14,15].

To our knowledge, there is no method for the
determination of native SBECD in plasma or
urine; the only method we are aware of for the
determination of SBECD in plasma detects 14C
radiolabelled SBECD [16]. The present paper de-
scribes a relatively simple, rapid and reproducible
method for measuring SBECD in human plasma
with a calibration range 4–200 mg ml−1. The
method utilises solid phase extraction as the only
sample preparation prior to size exclusion chro-
matography and fluorescence determination of an
inclusion complex. No internal standard was
required.

2. Experimental

2.1. Chemicals

Methanol (super purity solvent grade) was pur-
chased from Romil Chemicals (Cambridge, UK).
Phosphoric acid (85%), potassium nitrate and dis-
odium hydrogen orthophosphate 12-hydrate
(Analar grade) were purchased from Merck
(BDH) (Lutterworth, UK). Aspirin, paracetamol,
ampicillin, 3%-azido-3%-deoxythymidine (AZT),
oxytetracycline, prednisolone, theophylline and 1-
naphthol were purchased from Sigma (Poole,
UK). Ziprasidone and voriconazole were obtained
from Pfizer (Sandwich, UK). SBECD with an
average degree of substitution of four was pur-
chased from Higuchi Biosciences Centre (Kansas
University, USA). All other batches of SBECD
were supplied by Pfizer (Connecticut, USA).
SBECD with an average degree of substitution of
6.5 was used for all experiments except where
otherwise stated. Lithium-heparinised control hu-
man plasma was purchased from CharterhouseFig. 1. Structure of SBECD.
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Clinical Research Unit (Royal Masonic Hospital,
UK). Ultra-pure water was provided by a Milli-
Q-Plus water purification unit (Millipore, Wat-
ford, UK). IST end-capped cyclohexyl isolute
solid phase extraction cartridges (100 mg, 3 ml)
were purchased from Jones Chromatography
(Mid-Glamorgan, UK).

2.2. Instrumentation

The high performance size exclusion system was
constructed from the following components.
Valco EHC6WP fast switching valve (Thames
Chromatography, Maidenhead, UK), Shimadzu
SIL-6B autoinjector, SCL-6B controller and two
LC-6A pumps (Dyson Instruments, Hetton, UK),
Merck-Hitachi L7480 fluorescence detector
(Merck, Lutterworth, UK). Data collection and
processing was carried out by an Ezchrom Elite
V2.1 chromatography data system (Aston Scien-
tific, Stoke Mandeville, UK).

The autoinjector was equipped with a 200 ml
stainless steel loop and methanol–water (1:4 v/v)
wash (1.25 ml per sample). The detector was
equipped with a 12 ml flow cell, xenon lamp and
15 nm slit and was set at 290 nm excitation, 360
nm emission, 8 s time constant and low PMT
voltage.

The analytical column was a 300×7.8 mm
BioSep-SEC-S3000 (5 mm diol-silica, 290 A, ) size
exclusion column with a 35×7.8 mm guard
packed with the same material (Phenomenex,
Macclesfield, UK). The mobile phase was 1-naph-
thol (0.1 mM) in methanol-potassium nitrate
buffer (0.2 M) (1:9 v/v), 1 ml min−1. The mobile
phase was degassed by filtration through a 0.2 mm
nylon filter under vacuum before the naphthol
was added. The vessel containing the mobile
phase was wrapped with aluminium foil to protect
the naphthol from light. All chromatography was
performed at ambient temperature (�21°C).

To prevent 1-naphthol from building up on the
detector flow cell, a post-column switching valve
directs a methanol–water (7:3 v/v) wash to the
detector for 5 min at 2 ml min−1 immediately
following the injection of each sample.

2.3. Sample preparation

A stock solution of SBECD was prepared in
water (�10 mg ml−1). This was diluted with
water to give a 100 mg ml−1 working solution.
Calibration standards were prepared by adding
the stock and working SBECD solutions (1–42
ml) to 2 ml aliquots of control human plasma to
give concentrations of 4, 6, 10, 20, 30, 50, 100 and
200 mg ml−1 and total volumes within 1% of 2 ml
(1.95 ml plasma was used for the 200 mg ml−1

standard).
An aliquot of each sample (0.16 ml) was

pipetted into a 12 ml tapered polypropylene tube
(Sarstedt, Leicester, UK) and sodium phosphate
buffer (1.5 ml) (pH 7.0; 0.2 M) added. The mix-
ture was vortex mixed briefly. End-capped cyclo-
hexyl cartridges (100 mg, 3 ml) were conditioned
with methanol (1 ml) followed by sodium phos-
phate buffer (1 ml) (pH 7.0; 0.2 M). 1 ml of the
diluted sample was loaded onto the cartridge and
allowed to elute under gravity. The cartridge was
washed with sodium phosphate buffer (1 ml) (pH
7.0; 0.2 M) and excess buffer was removed by
brief suction, taking care not to dry the cartridge.
The cartridge was transferred to a 12 ml tapered
polypropylene tube and methanol–water (0.5 ml)
(15:85 v/v) added. Two drops were gently pushed
through with a teat and the rest allowed to elute
under gravity. Excess solvent was pushed through
and the sample blown to dryness under a stream
of nitrogen in a TurboVap LV evaporator (Zy-
mark, Warrington, UK) set at 40°C. The dried
sample extract was reconstituted in methanol–wa-
ter (0.15 ml) (10:90 v/v), transferred to a 0.3 ml
polypropylene autosampler vial (Phase Separa-
tions, Queensferry, UK) and 0.12 ml injected into
the chromatography system.

2.4. Data processing

The difference in the buffer content of the
reconstituted sample and the mobile phase results
in a baseline drop at the tail of the SBECD peak
which complicates automatic baseline fitting (Fig.
2). We tried washing the Isolute cartridge with
water and 1% solutions of trifluoroacetic acid,
ammonia and triethylamine to remove the sodium
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Fig. 2. Chromatograms of extracts of human plasma containing (A) no SBECD, (B) SBECD, 4.00 mg ml−1 and (C) SBECD, 200
mg ml−1.



R. Gage et al. / J. Pharm. Biomed. Anal. 22 (2000) 773–780 777

phosphate. While these washes reduced the base-
line disturbance, they also resulted in significant
loss of SBECD and hence could not be incorpo-
rated into the extraction procedure.

The baseline problem was therefore resolved by
using Ezchrom integration parameters which
force a horizontal baseline across the base of the
SBECD peak (Fig. 2B). At high concentrations
this horizontal fitting was considered inappropri-
ate and the baseline was manually fitted (Fig. 2C).

Calibration curves were constructed by plotting
the peak height of SBECD against concentration
using a weighted (1/Y) least squares regression in
the Ezchrom data system.

2.5. Accuracy and precision

Accuracy and precision were assessed on three
separate occasions by performing six replicate
analyses of control human plasma fortified with
SBECD to 4, 50 and 200 mg ml−1. Accuracy was
calculated as the percentage difference between
the expected and measured concentrations. Preci-
sion was calculated as the relative standard devia-
tion (RSD).

2.6. Selecti6ity and reco6ery

Six different batches of control human plasma
were analysed to check for chromatographic inter-
ference from co-eluting endogenous compounds.
One of these batches was visibly lipaemic and
another contained haemolysed erythrocytes, pre-
pared by mixing control human plasma (9.5 ml)
with human blood (0.5 ml) which had been frozen
and thawed three times. The same six batches of
plasma were fortified with SBECD to 4 and 200
mg ml−1 and analysed in triplicate to check for
interference by endogenous plasma components
on the extraction procedure.

Ziprasidone, voriconazole and seven other com-
monly used drugs were added to separate aliquots
of plasma containing 20 mg ml−1 SBECD to give
5 mg ml−1 of each compound. The plasma sam-
ples were then analysed in triplicate for SBECD.
The potential co-administered drugs tested were
aspirin, paracetamol, ampicillin, AZT, oxytetracy-
cline, prednisolone and theophylline.

The extraction recovery of SBECD was deter-
mined by fortifying control human plasma with
100 mg ml−1 SBECD, extracting six replicates,
and comparing the mean peak height of SBECD
with that obtained by directly injecting, in tripli-
cate, a solution of 100 mg ml−1 SBECD in water.

It has been reported [17] that the degree of
substitution of SBECD (and other cyclodextrins)
can affect the host-guest binding constant and
thereby change the amount of inclusion complex
formed per mole of cyclodextrin. Therefore, to
check the affect of the degree of substitution on
response, solutions of seven different batches of
SBECD (0.1 mg ml−1) with average degrees of
substitution ranging from 4 to 6.9 were prepared
in mobile phase and 90 ml injected, in duplicate, to
the chromatography system. For the SBECD
batch with an average degree of substitution of
6.9, the number of injections was increased to six
in order to determine the variation.

2.7. Stability

Control human plasma was fortified with
SBECD to 100 mg ml−1 and analysed in triplicate
fresh and after three freeze–thaw cycles. Plasma
was also fortified with SBECD to 50 mg ml−1 and
analysed in triplicate fresh and after storage at
either fridge temperature (�4°C) or room tem-
perature (�20°C) for 24 h.

2.8. Determination of SBECD in plasma samples
from human 6olunteers

SBECD was assayed in plasma samples col-
lected from two healthy male human volunteers
following administration of 1600 mg SBECD as a
single 15 min iv infusion. The batch of SBECD
used to prepare the calibration standards (and
quality controls) was the same as that adminis-
tered to the volunteers.

3. Results and discussion

3.1. Accuracy and precision

Calibration curves were linear over the range
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Table 1
Accuracy and precision (n=6) on three separate occasions for SBECD added to control human plasma

Occasion Accuracy (%)SBECD concentration (mg ml−1) Precision (RSD %)

Found (mean)Prepared

1 4.00 3.91 97.7 4.67
50.0 50.9 102 4.44

197 98.5200 7.45
4.002 4.36 109 16.3

52.8 106 9.1850.0
196 98.0200 3.04

4.003 4.10 103 4.52
51.0 102 5.5650.0

192 96.2200 5.83

4–200 mg ml−1 with mean values (n=5) for slope
of 4102 (S.D. 702), intercept −1096.68 (S.D.
3354) and correlation coefficient, 0.9985 (S.D.
0.0012). On three separate occasions, the accuracy
and precision were within 9 and 17%, respectively,
at the lowest concentration tested (4 mg ml−1) and
within 6 and 10%, respectively, at the higher
concentrations (Table 1).

The limit of quantification (LOQ) in
bioanalytical methods is generally accepted
[18–20] as a concentration at which accuracy is
within 920% of nominal value with an
RSD520%. Since the accuracy and precision
were within these limits at the lowest SBECD
concentration examined, that concentration (4 mg
ml−1) was taken as the LOQ.

3.2. Chromatography, selecti6ity and reco6ery

Typical chromatograms obtained for blank hu-
man plasma and for plasma fortified with 4 and
200 mg ml−1 SBECD are shown in Fig. 2A–C,
respectively. The retention time of SBECD was
11.3 min. The assay was selective for SBECD as
no significant peaks due to endogenous com-
pounds were observed which would compromise
the determination of SBECD at 4 and 200 mg
ml−1 when six different batches of human plasma
were analysed (Table 2). The lipaemic plasma
gave the lowest recovery at both of these concen-
trations although the accuracy is still within the

generally accepted limits of 920% at the LOQ
and 915% at higher concentrations. In our expe-
rience of Phase I clinical trials, plasma samples of
such a lipaemic nature usually form only a very
small proportion of those collected in a study.
This observation was therefore considered to be a
minor issue to be considered on a per study basis.
The drugs, which may be co-administered with
SBECD did not affect the chromatography or
recovery of SBECD.

Table 2
SBECD extracted in triplicate from six different batches of
human plasmaa,b

Plasma SBECD concentration Accuracy
(mg ml−1) (%)

Prepared Found
(mean9S.D.)

4.00 106A 4.2590.170
4.00B 4.2590.289 106

C 4.00 4.3790.725 109
4.00D 4.2790.506 107
4.00E 3.3090.280 82.5

F 4.00 3.7790.285 94.1
A 200 94.3189915.1
B 200 183913.7 91.6
C 200 180914.4 90.0
D 200 19891.32 98.8

200E 17295.11 86.0
200F 92.6185913.8

a Plasma E was visibly lipaemic.
b Plasma F contained haemolysed erythrocytes.
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Fig. 3. Variation of the SBECD-naphthol peak area with the SBECD average degree of substitution. For the SBECD batch with
an average degree of substitution of 6.9, the precision (RSD, n=6) of the peak area was 1.27%.

The recovery of SBECD from plasma was 69%
for the solid phase extraction procedure. The
overall recovery is less than this due to the ex-
perimental design, which allows for the sacrifice
of 52% of the sample to maximise the accuracy
and precision of its handling in the absence of an
internal standard.

One would expect that, all other factors being
equal, as the average degree of substitution is
increased, the detector response per unit weight
of SBECD would decrease due to the reduced
number of ‘buckets’ available to form an inclu-
sion complex. However, it was observed that as
the substitution increased from 4 to 6.9, the peak
area of SBECD generally increased (Fig. 3). This
effect was even greater for the peak height due
to a sharpening of the SBECD peak as the de-
gree of substitution increased. Unfortunately,
there is an insufficiently reliable correlation to
allow for between-substitution correction. There-
fore, the batch of SBECD used to prepare the
calibration standards should have the same aver-
age degree of substitution as that used to pro-
duce the samples in which SBECD is to be
quantified.

3.3. Stability

SBECD in human plasma was stable to three
freeze–thaw cycles with changes of −3.7, −6.5

and −2.8% from the initial measured concentra-
tion of 108 mg ml−1 after 1, 2 and 3 cycles,
respectively. SBECD in human plasma was also
stable to storage for 24 h at 4 and 20°C with
changes of −2.2 and −1.8%, respectively, from
the initial measured concentration of 51.2 mg
ml−1.

3.4. SBECD in plasma samples from human
6olunteers

Fig. 4 shows the SBECD plasma concentra-
tion–time profiles in two healthy male human
volunteers who each received 1600 mg SBECD
as a single 15 min iv infusion. The concentration
of SBECD in plasma samples collected from 8 h
onwards were below the limit of quantification (4
mg ml−1).

4. Conclusion

A selective method for the assay of SBECD in
human plasma has been developed and validated
over the range 4–200 mg ml−1. It is simple,
requiring solid phase extraction as the only sam-
ple preparation prior to high performance size
exclusion chromatography and fluorescence de-
termination of an inclusion complex.
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Fig. 4. Plasma concentrations of SBECD in two healthy male human volunteers following administration of 1600 mg SBECD as
a single 15 min iv infusion.

References

[1] J. Szejtli, Chem. Rev. 98 (1998) 1743–1753.
[2] T. Loftsson, M. Brewster, J. Pharm. Sci. 85 (10) (1996)

1017–1025.
[3] R. Rajewski, V.J. Stella, J. Pharm. Sci. 85 (11) (1996)

1142–1169.
[4] K. Uekama, F. Hirayama, T. Irie, Chem. Rev. 98 (1998)

2045–2076.
[5] J. Szejtli, Med. Res. Rev. 14 (3) (1994) 353–386.
[6] S. Brook, R. Swift, E.P. Harrigan, T. Tensfeldt, Psy-

chopharmacol. Bull. 33 (3) (1997) 498.
[7] F. Bresolle, M. Audran, T. Pham, J. Vallon, J. Chro-

matogr. B 687 (1996) 303–336.
[8] S.M. Han, Biomed. Chromatogr. 11 (5) (1997) 259–271.
[9] Y. Kubota, M. Fukuda, K. Ohtsuji, K. Koizumi, Anal.

Biochem. 201 (1992) 99–102.
[10] J. Haginaka, Y. Nishimura, H. Yasuda, J. Pharm.

Biomed. Anal. 11 (10) (1993) 1023–1026.
[11] K. Koizumi, Y. Kubota, Y. Okada, T. Utamura, J.

Chromatogr. B 341 (1985) 31–41.

[12] W. Blum, R. Aichholz, P. Ramstein, A. Fetz, F.
Raschdorf, J. Chromatogr. B 720 (1998) 171–178.

[13] R.P. Frankewich, K.N. Thimmaiah, W.L. Hinze, Anal.
Chem. 63 (1991) 2924–2933.

[14] P.Y. Grosse, F. Pinguet, J.M. Joulia, C. Astre, F. Bres-
sole, J. Chromatogr. B 694 (1997) 219–226.

[15] H.J.E.M. Reeuwijk, H. Irth, U.R. Tjaden, F.W.H.M.
Merkus, J. van der Greef, J. Chromatogr. B 614 (1993)
95–101.

[16] S. Roffey, Department of Drug Metabolism, Pfizer Cen-
tral Research, Sandwich, Kent, Internal Report.

[17] V. Zia, R. Rajewski, E.R. Bornancini, E.A. Luna, V.J.
Stella, J. Pharm. Sci. 86 (2) (1997) 220–224.

[18] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, J.P.
Skelly, A. Yacobi, T. Layoff, C.T. Viswanathan, C.E.
Cook, R.D. McDowall, K.A. Pittman, S. Spector, J.
Pharm. Sci. 81 (1992) 309–312.

[19] D. Dadgar, P.E. Burnett, M.G. Choc, K. Gallicano, J.W.
Hooper, J. Pharm. Biomed. Anal. 13 (3) (1995) 89–97.

[20] F. Bressolle, M. Bromet-Petit, M. Audran, J. Chro-
matogr. B. 686 (1996) 3–10.

.


