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In the framework of a preliminary investigation on the plasma profile of cloxacillin after oral administration, a simple and rapid LC
as developed for the direct determination of this compound in human plasma. The on-line sample clean-up was carried out us
nion exchanger (diethylaminoethyl groups) as restricted access material (RAM). The effects of the washing liquid pH, the ioni
nd the addition of organic modifier to the washing liquid were studied in order to obtain an efficient sample clean-up and a high
f cloxacillin. The separation was achieved on octadecylsilica stationary phase using a mobile phase consisting in a mixture of
uffer (pH 4.0; 25 mM) and acetonitrile (72:28, v/v). The UV detection was performed at 215 nm. The most appropriate regression
he response function as well as the limit of quantitation (LOQ) were first selected during the pre-validation step. These criteria
ssessed during the formal validation step. The LOQ was 50 ng/ml. The method was also validated with respect to analyte recover

rueness, accuracy and linearity. Finally, it was successfully applied for the analysis of the first plasma samples obtained from pati
aken an oral dose of 500 mg cloxacillin.

2004 Elsevier B.V. All rights reserved.
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. Introduction

Cloxacillin [1] is a�-lactam antibiotic of broad spectrum
gainst gram positive and negative bacteria. It is widely used

or treatment of several bacterial infections in human and
nimal diseases.

Recently, several chromatographic methods have been re-
orted for the determination of cloxacillin with other�-
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lactam antibiotics, especially in food and agricultural fie
as residuals[2,3]. However, few LC methods were also d
scribed for the determination of cloxacillin in human plas
In these methods, sample clean-up procedure was carri
using liquid–liquid extraction employing high percenta
of organic modifiers[4], protein precipitation by acids or o
ganic solvents followed by back extraction[5] or solid phas
extraction (SPE) employing conventional ion-exchange
tridges[6,7] or small C18 pre-packed columns[8]. Moreover
UV detection was performed at around 220 nm. There
an efficient sample clean-up enhancing method selectiv
this wavelength range is required.

731-7085/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2004.09.017
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The automation of the extraction procedure avoiding man-
ual sample handling allows to decrease analysis run time
and increase method precision. Such an automation can be
achieved by coupling of a pre-column packed with restricted
access material (RAM) to a LC column via the column
switching technique. This approach has been widely applied
successfully in different analytical fields[9–12]and is of par-
ticular interest when the stability of the analyte is poor, as it
is the case for cloxacillin.

Due to the use of a RAM sorbent, macromolecules, such
as proteins, which are restricted to enter into the pores during
the sample clean-up, are flushed out, while the analyte of the
interest is retained and consequently transferred to the ana-
lytical column. A type of RAM supports, namely RP-4, RP-8
and RP-18 alkyl diol silica (ADS), belonging to the family of
the internal surface reversed phase (ISRP) sorbents, has been
commonly used for the extraction of different drugs from
biological fluids[13–16]. The outer surface of these RAM
particles contains hydrophilic and electroneutral diol groups,
which prevents the adsorption and denaturation of proteins.
Recently, we have tested two new RAM sorbents with inter-
nal ion-exchange functionalities for the extraction of basic
and acidic compounds from plasma[17–19] prior to their
LC determination. A selective and complete extraction of the
analytes of interest has been achieved. One of the two sup-
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2. Experimental

2.1. Chemical and reagents

Cloxacillin sodium was purchased from Sigma (St. Louis,
MO, USA); potassium dihydrogen phosphate, acetic acid and
phosphoric acid (85%) were obtained from Merck (Darm-
stadt, Germany). Methanol and acetonitrile were LiChro-
solv LC gradient grade solvents purchased from Merck.
The water used in all experiments was purified by means
of a Milli-Q system (Millipore Corporation, Bedford, MA,
USA).

2.2. Equipment

The LC-integrated sample clean-up system was com-
posed of a model 422 LC pump from Kontron Instruments
(Schlieren, Switzerland) (pump 1) and the following units
from Merck-Hitachi: a model L-6200 A pump (pump 2), a
model AS-2000 A autosampler equipped with a 100�l in-
jection loop and a model L-4250 UV–vis detector which was
monitored at 215 nm.

The LiChroCART (25× 4 mm, i.d.) pre-column was pre-
packed with LiChrospher 60 XDS (DEAE/diol) (particle size:
25�m) supplied as research sample by Merck and was fitted
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orts, namely exchange diol silica-diethylaminoethyl (XD
EAE) sorbent, presents the properties of a weak anio
hanger towards acidic compounds, since diethylamino
roups are bonded to the inner surface of the silica p
les. The access restriction is obtained due to the mean
iameter (about 6 nm) and the external surface is bio
atible.

The objective of the present paper is to develop and
date a fully automated method for the determination
loxacillin in human plasma using this kind of sorbent
n-line sample clean-up coupled to a LC–UV system in
er to obtain a simple and fast alternative to the previo
eported procedures. The method was fully validated ac
ng to the new strategy proposed by the Commission o
ocíet́e Franc¸aise des Sciences et Techniques Pharma

iques (SFSTP) for the validation of quantitative analyt
rocedures[20,21]. The validation strategy consists in t
teps. The first step, the so called prevalidation step
ainly permitted the selection of the most appropriate
ression model using the accuracy profile as decision

20–23]. The second step, representing the validation it
onsists in testing the method selectivity towards endoge
omponents and the assessment of method precision
ess and accuracy[20,21,23,24]at different concentratio

evels over the range investigated as well as the confirm
f the limit of quantitation (LOQ) and the method linea

20–22]. Finally the method reported was successfully u
o perform the quantitative determination of cloxacillin in r
uman plasma samples and was found to be applicab

he quantification of this compound in future bioequivale
tudies.
-

o a Valco model VICI AG six-port switching valve (Valc
urope, Schenkon, Switzerland). Separation was ach
n a Nova Pack C18 column (150 mm× 3.9 mm, i.d.; particle
ize: 4�m) from Waters (Milford, MA, USA), which wa
hermostated at 30± 0.1◦C in a model L-5025 programmab
olumn oven (Merck).

The different modules were connected through an
erface (D-6000, Merck-Hitachi) with an IBM compatib
omputer (PC-AT; CPU type Pentium) on which the
000 HPLC manager software was loaded for the co
f the analytical system and data collection. The m
22 pump from Kontron (pump 1) was controlled ma
lly.

The e.noval® software (Arlenda, Belgium) was used
etermine the accuracy profiles as well as all the valida
esults.

.3. Conditions for sample clean-up and
hromatographic separation

The clean-up step of sample matrix was carried out u
washing liquid consisting in a mixture of 0.005% ac

cid (pH 5.0)/methanol (97:3, v/v).
Isocratic separation was performed at 30◦C using a con

tant flow-rate of 1.2 ml/min. The mobile phase was a m
ure of phosphate buffer (pH 4.0; 25 mM) and acet
rile (72:28, v/v). Before use, the washing liquid and
C mobile phase were passed through a membrane
0.45�m) and then degassed for 15 min in an ultras
ath.
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2.4. Standard solutions

2.4.1. Stock solutions
Stock solutions of cloxacillin were prepared at 1 mg/ml in

water and stored at−20 C◦ until use.

2.4.2. Solutions used for method development
The working solution was made up daily by diluting 1.0 ml

of a stock solution with water to obtain a concentration of
50�g/ml.

2.4.3. Solutions used in the pre-validation step
The stock solution was diluted in order to obtain three so-

lutions at 100, 10 and 1�g/ml. These intermediate solutions
were used to spike free drug plasma samples at five concen-
tration levels covering a range from 50 to 5000 ng/ml. The
first concentration level was close to the expected limit of
quantitation. Two other series were then prepared from inde-
pendent stock solutions according to the same protocol. One
non-biological calibration curve was also performed for the
determination of absolute recovery.

2.4.4. Solutions used in the validation step
Two types of plasma samples were prepared: calibration

standards covering the same concentration range as used in
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−20 C◦ until analysis. The concentration of cloxacillin was
determined by injecting 100�l of each sample.

2.7. On-line sample clean-up and chromatographic
separation

The time events of the column-switching valve for on-line
sample clean-up and chromatographic separation are indi-
cated inTable 1.

2.7.1. Loading and washing of sample matrix
One hundred microliters of plasma sample were directly

injected by the autosampler into the pre-column. The biologi-
cal matrix was washed out with the washing liquid consisting
in a mixture of 0.005% acetic acid (pH 5.0)/methanol (97:3,
v/v). The washing liquid was delivered by pump 1 at a flow-
rate of 1.0 ml/min for 8 min. During this step, the analytical
column was re-equilibrated with the LC mobile phase deliv-
ered by pump 2 at a flow-rate of 1.2 ml/min.

2.7.2. Desorption and transfer
After rotation of the switching valve, the pre-column was

coupled to the analytical column and the analyte was then
desorbed in the back-flush mode and transferred to the top of
the analytical column by the LC mobile phase delivered by
p
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he pre-validation step and validation standards[19,20]. Four
oncentration levels were selected, the lowest one bein
imit of quantitation. Each validation sample was analy
our times for three different days.

.5. Plasma samples

Human plasma samples were obtained from the B
ransfusion Centre of Liège (Lìege, Belgium) and we
tored under−20◦C. Before use, the plasma samples w
hawed at room temperature and centrifuged at 4500× g
or 10 min. Aliquots were spiked with the diluted sta
ard solutions and these plasma samples were pre
aily.

.6. Human study

A single dose of 500 mg cloxacillin was given orally
ealthy volunteers after overnight fast. Venous blood sam
ere collected in heparinised vacutainer tubes after 0
ose), 1, 2, 3, 4, 5, 6 and 7 h. The tubes were centrifug
000× g for 15 min, the plasma was collected and store

able 1
ime events of the column-switching valve for on-line sample clean-u

tep Process Switchin

Sample clean-up 0–8
Elution and transfer 8–10
Equilibration of the pre-column and LC separation 10–17
ump 2 at a flow-rate of 1.2 ml/min.

.7.3. Conditioning of the pre-column and
hromatographic separation

After 2 min, the switching valve was turned back to its
ial position allowing the re-equilibration of the pre-colu
ith the washing liquid before the next injection. Simu
eously, the analyte transferred to the analytical column
eparated and quantified.

. Results and discussion

.1. Method development for sample clean-up

The determination of polar compounds monitored ph
etrically at low wavelengths is usually difficult in plasm
owever, when an efficient sample handling procedu
pplied prior to LC analysis, a fraction free from interf
nce can be obtained and a rather good detectability c
chieved. In this work, the use of restricted access ma
ith anion-exchange properties should improve metho

ectivity, since only negatively ionized compounds can

hromatographic separation

(min) Switching valve coupling

Pre-column–waste LC column–UV det
Pre-column–LC column–UV detector

Pre-column–waste LC column–UV d
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retained through electrostatic interactions with the DEAE
groups bonded to the inner surface of the support.

Moreover, cloxacillin, as a�-lactam antibiotic, has a lim-
ited stability at room temperature and in organic solvents,
such as acetonitrile and methanol[25]. Consequently, the
coupling of on-line sample clean-up with LC by means of
the column switching technique is of particular interest to
overcome this drawback.

3.1.1. Effect of the washing liquid pH on the retention of
cloxacillin

Since the XDS (DEAE/diol) sorbent presents the proper-
ties of a weak anion exchanger towards low molecular mass
compounds, the retention of anionic analytes is mainly due
to electrostatic interactions. Therefore, the ionization of the
DEAE groups and the acidic analytes is mandatory to ob-
tain a complete and selective extraction. In a previous work
[18], the sorbent capability for retaining acidic compounds
was evaluated and was found to be optimal in a pH range
from 4.0 to 6.5, which is also suitable for the ionization of
cloxacillin (pKa: 2.7). By using a washing liquid contain-
ing 0.005% acetic acid (pH 5.0), cloxacillin was retained
sufficiently. Indeed, the breakthrough volume observed was
25 ml, which allowed to clean-up the sample matrix during a
washing time of 8 min without eluting the analyte of interest.
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the breakthrough volumes of cloxacillin. However, small
changes were observed when the methanol content was lower
than 5% (v/v). Consequently, a washing liquid consisting of
0.005% acetic acid and methanol (97:3, v/v) was finally se-
lected.

3.1.3. Efficiency of the washing liquid composition to
clean-up the sample matrix

The efficiency of the selected washing liquid to wash out
the sample matrix was tested by injecting 100�l of plasma
into the XDS (DEAE/diol) pre-column directly connected to
the UV detector monitored at 280 nm. The elimination of the
biological matrix could be considered as complete when the
detector signal reached the baseline. Under these conditions,
a washing time of 8 min was sufficient for sample clean-up
and gave rise to no loss of analyte, since its breakthrough
time was higher (25 min).

3.1.4. Transfer of cloxacillin from the pre-column to the
LC column

The determination of the transfer time of cloxacillin from
the pre-column to the LC column was performed by connect-
ing directly the UV detector with the switching valve. Due to
the high ionic strength of the LC mobile phase, a time period
of 2 min was sufficient to elute cloxacillin in the back-flush
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.1.2. Influence of the addition of organic modifier on
he retention of cloxacillin

In the column-switching systems coupling restricted
ess material to LC, the addition of a limited amount of
anic modifier, such as methanol, acetonitrile or 2-propra

o the washing liquid is very useful to enhance the extrac
electivity, to release the analyte from the binding site
he plasma proteins and to obtain high recoveries[17–19].
onsequently, the influence of the addition of methan

he washing liquid composed of 0.005% acetic acid wa
estigated.

As shown inFig. 1, the increase of the proportion
ethanol in the washing liquid gives rise to a decreas

ig. 1. Effect of the addition of methanol to the washing liquid on the br
hrough volume of cloxacillin. Washing liquid: 0.005% acetic acid/metha
ow-rate: 1.0 ml/min; injection volume: 100�l; detection: UV at 220 nm
emperature: 25◦C. Other conditions: see Section2.
ode and to transfer it to the analytical column. The poss
ty of a carry-over effect was also investigated at this stag
he method development by coupling of the pre-column
he LC column. No carry-over effect was observed unde
perating conditions. Ten minutes after sample applica

he switching valve returned to its initial position, allow
he sorbent to be re-equilibrated with the washing liquid

.2. Pre-validation step

.2.1. Analysis of the response function, estimation of
he range and the LOQ

Before the formal validation phase, an important step
ists in the assessment of the relationship between res
nd concentration in order to avoid serious difficulties in
stimation of other validation criteria[22]. In order to selec

he most appropriate response function, the SFSTP app
ased on the accuracy profile (�-expectation tolerance inte
als for total measurement error) of calibration samples
een used[20,21]. The response function is considered
dequate when the accuracy profile is within the accep

imits – fixed a priori – on all the dosing range of interest. S
n approach reflects more directly the performance of
idual assays and will result in fewer rejected in-study
han the current procedure that compares point estima
bserved bias and precision with the target acceptance
ia, i.e. 20% according to the Washington conference[26] or
DA document[27].

As illustrated inFig. 2, once the pre-validation expe
ents have been performed, the response function can

ermined by applying different regression models and, f
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Fig. 2. Accuracy profiles of cloxacillin (concentration ng/ml) using (A) weighted quadratic regression, (B) weighted linear regression model with aweight
equal to 1/X2, (C) linear regression model after logarithm transformation, (D) linear regression model after square root transformation, (E) quadratic regression,
(F) linear regression.
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both analytical responses and regression line obtained, se-
lecting the most suitable accuracy profile for the intended
use of the analytical method. According to the accuracy pro-
files obtained (Fig. 2), regression analysis could be performed
in the present study using four different regression models:
weighted quadratic regression (Fig. 2A), weighted linear re-
gression (Fig. 2B), linear regression after logarithm transfor-
mation (Fig. 2C) and linear regression after square root trans-
formation (Fig. 2D). Among these four possibilities, the well-
known weighted least-squares model with a weight equal to
1/X2 (whereX is the theoretical concentration) was selected
since it represents the simplest model adequately describing
the concentration-response relationship. In addition, by use
of the weighted linear regression model, the procedure was
able to quantify over the whole range under investigation.
Consequently, the concentration range was defined and the
LOQ, corresponding to the first concentration level, was es-
timated.

3.2.2. Absolute recovery
The absolute recovery of cloxacillin at four concentra-

tion levels was determined by comparing the peak areas
measured after analysis of spiked plasma samples according
to the whole procedure with those found after direct injec-
tion into the chromatographic system of non-biological sam-
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Fig. 3. Typical chromatograms obtained after on-line coupling of the XDS
(DEAE/diol) pre-column to LC for the analysis of real plasma samples. (A)
Chromatogram of a control sample (before oral administration of 500 mg
cloxacillin). (B) Chromatograms of dosed samples (from 1 to 7 h after oral
administration of 500 mg cloxacillin; hour: 1: 9.6�g/ml; 3: 6.4�g/ml; 4:
4.2�g/ml; 6: 1.5�g/ml; 7: 0.3�g/ml). Operating conditions given in Section
2.

3.3.2. Selectivity
The selectivity was studied by analyzing six different

sources of plasma[26,27]. No endogenous source of interfer-
ence was observed at the retention time of the analyte. Typi-
cal chromatograms obtained after analysis of a blank plasma
and plasma samples containing different concentrations of
cloxacillin are illustrated inFig. 3.

3.3.3. Response function
The response function of an analytical procedure is, within

the range selected, the existing relationship between the re-
sponse (signal) and the concentration (quantity) of the analyte
in the sample system[20–22,26,27]. The validation results
of the response function are presented inTable 3. As previ-
ously mentioned, the weighted linear regression (1/X2) with
five concentration levels was used (m= 5). During routine
analysis, the calibration equation was computed and the con-
centration of each calibration sample was calculated. If the
back-calculated concentration of a calibration sample did not
fall within ±15% of the nominal value, the sample was dis-
carded and the equation was recalculated. However, in order
that the calibration and the run are valid, no more than two
calibration samples were discarded and at least five accepted
calibration samples had to be kept.

3
een a

c l one
[
n l) or
les at the same concentration levels. As shown inTable 2,
he analyte recoveries were close to 100% and the ex
ion efficiency was relatively constant over the consid
ange according to the relative standard deviation va
btained.

.3. Validation step

.3.1. Stability[22]
The stability of cloxacillin in plasma samples placed on

uto-sampler was first determined. After injection of sp
amples at two concentration levels (500 and 5000 ng/m
riplicate, no significant degradation of cloxacillin was
erved. However, to guarantee the stability of cloxac
he samples were directly injected after thawing at r
emperature. The stability was also assessed after stor
20◦ C for 1 month of plasma samples spiked at 2500 ng
loxacillin was determined each week (n= 3). The result
btained were comprised between 95 and 105% of the

ial value. No significant degradation of cloxacillin w
bserved.

able 2
etermination of absolute recovery

oncentration (ng/ml) Absolute recovery (n= 9)

Mean (%) R.S.D. (%)

50 92.8 4.8
250 96.3 3.5
500 98.5 2.8
000 97.4 1.1
.3.4. Trueness
Trueness refers to the closeness of agreement betw

onventionally accepted value and a mean experimenta
20,21,24]. As can be seen from the results inTable 3, true-
ess was expressed in terms of absolute bias (in ng/m
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Table 3
Validation results

Response function (k= 3,m= 5,n= 2)
(50–5000 ng/ml)

Day 1 Day 2 Day 3

Slope 29.61 28.30 33.53
Intercept 1.312 −33.62 −17.89
r2 1.000 0.9997 0.9994

Trueness (k= 3; n= 4)
Absolute bias: ng/ml
(relative bias: %)

50 ng/ml −0.02 (−0.05)
250 ng/ml −1.27 (−0.51)
2500 ng/ml 0.93 (0.03)
5000 ng/ml −6.96 (−0.13)

Precision (k= 3; n= 4)

Repeatability (R.S.D., %) Intermediate precision
(R.S.D., %)

50 ng/ml 1.5 1.8
250 ng/ml 0.4 0.7
2500 ng/ml 0.5 1.9
5000 ng/ml 0.3 3.4

Accuracy (k= 3; n= 4)
�-Expectation
tolerance limit in
ng/ml (%)

50 ng/ml 47.7–52.3 (−4.5 to 4.5)
250 ng/ml 243.5–254.0 (−2.6 to 1.6)
2500 ng/ml 2283–2720 (−8.7 to 8.7)
5000 ng/ml 4433–5555 (−11.4 to 11.1)

Linearity (k= 3; m= 4; n= 4) (N= 48)
Range (ng/ml) 50–5000
Slope 0.9988
Intercept 0.4194
r2 0.999

Detection and quantification limits
LOD 15 ng/ml
LOQ 50 ng/ml

Dilution effect (n= 3)
Factor Recovery± S.D. (%)

2 (10000�g/ml) 101.6± 2.1
3 (15000�g/ml) 102.0± 3.3

relative bias (%) and was assessed by means of validation
standards in the matrix at four concentration levels ranging
from 50 to 5000 ng/ml (k= 3,n= 4). Compared to the regula-
tory requirements fixed[26,27], the trueness of the proposed
method was quite acceptable since the bias did not exceed
the value of 15% irrespective of the concentration level.

3.3.5. Precision
The precision of the bioanalytical method was estimated

by measuring repeatability and intermediate precision at the
same concentration levels as those mentioned above. The
variance of repeatability and time-dependent intermediate
precision as well as the corresponding relative standard devi-

ation (R.S.D.) were calculated from the estimated concentra-
tions[20–22]. The R.S.D. values for repeatability and inter-
mediate precision presented inTable 3were relatively low,
between 0.3 and 3.4%, illustrating the very good precision of
the proposed method.

3.3.6. Accuracy
The accuracy takes into account the total error, i.e. system-

atic and random errors, related to the test result[20–22,24].
The upper and lower�-expectation tolerance limits expressed
in ng/ml are presented inTable 3as a function of the intro-
duced concentrations. As can be seen from the results, the
proposed method was accurate, since the different tolerance
limits of the bias did not exceed the acceptance limits (±15%)
[26,27] for all the concentration levels tested including the
lowest one (50 ng/ml).

3.3.7. Linearity
The linearity of an analytical method is its ability within

a definite range to obtain results directly proportional to
the concentrations (quantities) of the analyte in the sample
[20–22]. Consequently, with all the series, a regression line
was fitted on the back-calculated concentrations as a func-
tion of the introduced concentrations by applying the linear
regression model based on the least-squares method. The re-
g
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ression equation is presented inTable 3.

.3.8. Limit of quantitation
The limit of quantitation (LOQ) of an analytical proc

ure is the lowest amount of the targeted substance i
ample which can be quantitatively determined unde
xperimental conditions prescribed with a well defined
uracy, i.e. taking into account the systematic and ran
rrors[20–22]. As the accuracy profile is comprised with

he acceptance limits, the LOQ was fixed to 50 ng/ml, i.e
mallest concentration level investigated. Indeed, prec
nd trueness were demonstrated at this concentration
Table 3).

.3.9. Effect of dilution
Since the amount of cloxacillin in the present prelimin

tudy was not known a priori, the influence of the dilut
rocedure, which is intended to be used in routine for sam
ith a concentration higher than the upper limit of the ra
as to be checked[22]. In the present study, two dilutio

actors (2 and 3) were studied before routine analysis an
ignificant effect was observed (Table 3).

.4. Application to real samples

The developed procedure was used to determine
lasma profile of cloxacillin after a single oral dose of an
ediate release formulation containing 500 mg of cloxac
n the basis of the preliminary results, the plot of the pla

oncentration of cloxacillin (ng/ml) versus post-dose s
ling time (h) is presented inFig. 4.
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Fig. 4. Plasma concentration–time profile of cloxacillin following the ad-
ministration of a single oral dose of 500 mg.

4. Conclusions

A simple and selective LC method based on the column
switching technique has been developed for the on-line deter-
mination of cloxacillin in human plasma by means of a pre-
column packed with anion exchange restricted access ma-
terial for sample clean-up. The column switching technique
was of particular interest since the stability of cloxacillin is
poor. Moreover, due to the use of a new type of restricted
access material with diethylaminoethyl groups bonded to the
inner surface of the porous sorbent (XDS-DEAE support), a
selective sample clean-up was obtained allowing to achieve
a rather good detectability of cloxacillin at a low wavelength
in UV detection (50 ng/ml).

The procedure was then fully validated and success-
fully applied to a preliminary study for the determination
of cloxacillin plasma levels after a single oral dose of an im-
mediate release formulation containing 500 mg of this com-
pound. In conclusion, the proposed method could be used
for routine analysis and bioequivalence studies of different
cloxacillin dosage forms.
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[5] B. Pérez, C. Prats, E. Castells, M. Arboix, J. Chromatogr. B 698
(1997) 155–160.

[6] S. Lihl, A. Rehorek, M. Petz, J. Chromatogr. A 729 (1996) 229–
235.

[7] F. Jehl, Ph. Birckel, H. Monteil, J. Chromatogr. 413 (1987) 109–115.
[8] C.T. Hung, J.K. Lim, A.R. Zoest, J. Chromatogr. 425 (1988)

331–341.
[9] T.C. Pinkerton, J. Chromatogr. 544 (1991) 13–23.

[10] M. Beth, K.K. Unger, M.P. Tsyurupa, A.V. Davankov, Chro-
matographia 36 (1998) 351–358.

[11] Z. Yu, D. Westerlund, K.-S. Boss, J. Chromatogr. B 704 (1997)
53–62.

[12] J. Haginaka, Trends Anal. Chem. 10 (1991) 17–22.
[13] K.-S. Boos, A. Rudolphi, S. Vielhauer, A. Walfort, D. Lubda, F.

Eisenbeiß, Fresenius J. Anal. Chem. 352 (1995) 684–690.
[14] K.-S. Boos, C.-H. Grimm, Trends Anal. Chem. 18 (1999) 175–180.
[15] S. Vielhauer, A. Rudolphi, K.-S. Boos, D. Seidel, J. Chromatogr. B

666 (1995) 315–322.
[16] A. Rudolphi, S. Vielhauer, K.-S. Boos, D. Seidel, I.M. Bäthge, H.
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