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Abstract

A fully automated method is described for the determination of amoxicillin and cefadroxil in bovine serum and
muscle tissue. The method is based on the on-line combination of dialysis and solid-phase extraction for sample
preparation, and column liquid chromatography with ultraviolet detection. In order to enhance the UV
detectability of the analytes, post-column addition of 0.1 M sodium hydroxide is performed. The method shows
good linearity and repeatability for both analytes in serum as well as in muscle tissue; the limits of detection in
these samples are 0.05 pg/ml and 0.2 pg/g, respectively. The method has a sample throughput of 30 samples per

24 h.

1. Introduction

Amoxicillin, an e-aminopenicillin, is a broad-
spectrum antibiotic which is widely used in
human and veterinary medicine, while cefadrox-
il, a cephalosporin, is only used in human medi-
cine for patients which are over-sensitive to
penicillin derivatives. Since some of these anti-
biotics are also used as supplements in veterinary
food [1], residual levels may well be present in
edible animal tissues. These may cause the
development of resistance in human pathogens
[2] or lead to reactions in people allergic to
penicillins [3]. Consequently, establishing res-
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idue profiles after drug administration to an
animal, both in edible tissues — to define with-
drawal times — and in plasma or serum - to ob-
tain pharmacokinetic data — is an important item
for the registration of these compounds by vet-
erinary pharmaceutical companies. Today, by far
most of the analytical methods used for the
determination of both penicillins and cephalo-
sporins are based on immunological or mi-
crobiological techniques [1]. However, as these
techniques can not discriminate between differ-
ent penicillins or different cephalosporins, the
use of chromatographic techniques, which can, is
receiving increasing attention.

In the chromatographic analysis of biological
samples, sample preparation generally is the
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bottleneck: it often involves several manual steps
and can easily become a time-consuming pro-
cess. Many chromatographic methods used for
amoxicillin [4-11] and cefadroxil [12-15] also
require extensive manual sample preparation.
Since pharmacokinetic studies normally generate
a large number of samples, the application of an
automated sample-preparation method will be
advantageous, because of an increased sample
throughput. One of the most important goals of
sample preparation is the removal of macro-
molecules, which makes the application of on-
line dialysis an interesting approach. This tech-
nique allows the automated removal of proteins
from a variety of complex samples in a simple
and flexible way [16]: only low-molecular-mass
compounds can diffuse through the pores of a
dialysis membrane and are introduced into the
chromatographic system, whereas macromolecu-
lar material is effectively retained.

There are two factors, however, which limit
the applicability of dialysis. Firstly, dialysis usu-
ally causes dilution of the sample and subsequent
reconcentration of the analytes on a solid-phase
extraction column (precolumn) is therefore
necessary. Obviously, in the case of highly polar
analytes, such as amoxicillin and cefadroxil, the
application of on-line dialysis and solid-phase
extraction will not be really straightforward,
because of the lack of retention of the analytes
on most types of precolumns, and the optimi-
zation of the sample preparation will need con-
siderable attention. A second complicating factor
is the low selectivity of dialysis, because the
separation is only based on differences in molec-
ular size. The trace-level determination in com-
plex biological samples will, therefore, be rela-
tively difficult for compounds without selective
detection characteristics such as, again, the pres-
ent analytes.

In this paper an automated method for the
determination of amoxicillin and cefadroxil in
bovine serum and muscle tissue is described,
based on the on-line combination of dialysis,
solid-phase extraction and column liquid chro-
matography (LC) with UV detection. Special
attention will be paid to the optimization of the
crucial steps mentioned above: the (re)conce-
ntration and detection of the analytes.

2. Experimental
2.1. Chemicals

Amoxicillin and cefadroxil were obtained from
Sigma (St. Louis, MO, USA). Acetonitrile,
potassium phosphate (mono- and dibasic), and
sodium hydroxide were obtained from J.T.
Baker (Deventer, Netherlands). Methanol was
obtained from Rathburn (Walkerburn, UK) and
hexadecyltrimethylammonium chloride (HTACI)
from Kodak (Rochester, NY, USA). Triton X-
100 was purchased from Merck (Darmstadt,
Germany) and water was purified using a Milli-Q
system (Millipore, Milford, MA, USA). Stan-
dard stock solutions contained 400 ug/ml of
amoxicillin and cefadroxil in 10 mM phosphate
buffer (pH 4.7). Aliquots of 2 ml could be stored
at —20°C for up to one month and working
solutions were freshly prepared every day by
diluting the stock solution with the same buffer.

2.2. Instrumentation

A Gilson (Villiers-le-Bel, France) ASTED
system for sample preparation was on-line com-
bined with an LC system and UV detection (Fig.
1). The ASTED consisted of a Model 231
autosampling injector and a Model 401 dilutor
equipped with a 1-ml syringe. The Model 30
sample rack, with a capacity for 60 sample vials,
was kept at 4°C by means of a Savant Instru-
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Fig. 1. Schematic representation of the on-line dialysis LC-
UV system. The dialyser consists of two blocks coupled in
series. Four solvents are connected to the solvent selection
valve: (1) methanol; (2) water; (3) 100 mM phosphate buffer
(pH 8.5) containing 0.5 mM HTACI; (4) 100 mM phosphate
buffer (pH 8.5). TEC = trace-enrichment column.
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ments (Hicksville, NY, USA) cryostat. Two flat-
bed dialysis blocks with donor volumes of 110 ul
and 125 pl, respectively, and fitted with Cup-
rophan membranes with a molecular weight cut-
off value of 15 kDa, were coupled in series.
Dialysis was performed at ambient temperature.
For preconcentration of the dialysate two auto-
matic six-port switching valves (Nos. 1 and 2 in
Fig. 1) and a solvent selection valve were used,
mounted on either a Must (Spark Holland,
Emmen, Netherlands) or a Prospekt (Spark
Holland) system. The stainless-steel precolumn
(20X 4.6 mm 1.D.), inserted in a home-made
holder, was slurry-packed with 10 pum C,;-
bonded silica (J.T. Baker) and fitted with stain-
less-steel screens (pore size: 8 wm). The pre-
column was repacked every 3-5 days. A Model
300 LC pump (No. 1; Separations, Hendrik Ido
Ambacht, Netherlands) was used to pump the
acceptor phase or the washing solutions to the
precolumn. The LC system consisted of an LC
pump Model SF-400 (No. 2; Kratos, Ramsey,
NJ, USA) and a 150X 4.6 mm I[.D. analytical
column (Type ABZ, Supelco, Leusden, Nether-
lands). The eluent was acetonitrile—phosphate
buffer (10 mM, pH 7.0) (13:87, v/v) containing
0.5 mM HTACI and was delivered at a flow-rate
of 1.0 ml/min at ambient temperature. Post-
column reagent addition was performed by a
Model 2150 LC pump (No. 3; Pharmacia LKB,
Uppsala, Sweden) with titanium pumpheads. A
UV detector (Applied Biosystems, Foster City,
CA, USA) set at 260 nm was used for detection
and the signals were recorded with a Model 101
recorder (Pharmacia LKB).

2.3. Set-up and mode of dialysis

The ASTED system was slightly modified:
normally a dilutor is used to transport the
dialysate from the dialysis block to the pre-
column. This configuration, however, only oper-
ates reliably at relatively low back pressures
(<ca. 2 bar). In order to optimize the con-
centration step and to be able to use e.g. longer
precolumns, smaller particles and/or higher
flow-rates, a conventional LC pump, which can
handle much higher back pressures, was used
instead. Prior to the actual dialysis, the pre-

column was conditioned with 5 ml of methanol, 5
ml of water and 5 ml of a 100 mM phosphate
buffer (pH 8.5) containing 0.5 mM HTACIL
Dialysis was performed in the pulsed mode [17]:
750-u1 samples were dialysed in three 250-ul
pulses, of which only 235 ul had direct contact
with the membrane. Each aliquot was held static
for 6.67 min while the acceptor phase (100 mM
phosphate buffer, pH 8.5) was continuously
pumped through the acceptor compartment at a
flow-rate of 0.2 ml/min. After 20 min the dialysis
was stopped by switching valve 1. In order to
remove possibly interfering compounds the pre-
column was washed with 2 ml of 100 mM
phosphate buffer (pH 8.5) containing 0.5 mM
HTACI. By switching valve 2, the analytes were
backflushed to the analytical column. Finally, the
donor channel was washed with a 100-u1 plug of
0.01% Triton X-100 and flushed with 5 ml of
water. Simultaneously, the acceptor channel was
flushed with 5 ml of 100 mM phosphate buffer
(pH 8.5). During the LC separation of the
sample, the next sample was injected and
dialysed. Details of the total ‘procedure are
summarized in Table 1.

2.4. Sample preparation of blood

Whole blood samples (9 ml) were buffered at
pH 4.7 by adding 1 ml of a 1 M phosphate buffer
(pH 2.6). After centrifugation (4000 g, 20 min)
70 w1 of the internal standard (cefadroxil in the
case of amoxicillin determinations and vice
versa) were added to 1330-ul aliquots, which
were stored at —20°C for up to one week or at
~70°C for up to one year.

2.5. Sample preparation of meat

To 25 g of sliced muscle tissue, 25 g of
phosphate buffer (100 mM, pH 4.7) were added,
followed by homogenization using a blender; 50
pg of the internal standard solution were added
to aliquots of 10 g homogenate, which were
centrifuged (4000 g, 20 min). The supernatant
(final pH 5.5) was stored at —20°C for up to one
week. For longer periods, up to one year, the
samples were stored at —70°C [18].
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Table 1
Typical cycle used for the determination of amoxicillin and cefadroxil in serum and muscle tissue
Time Event Valve® Total
(min) acceptor
volume (ml)
1 2 SSv
0.00 Conditioning of precolumn - 1 0
(with methanol)”
5.00 Idem (with water) 2
10.00 Idem (with buffer plus HTACI) 3
15.00 Dialysis of first 250-p1 pulse® - - 4 1.33
21.67 Dialysis of second 250-u1 pulse 2.67
28.33 Dialysis of third 250-u1 pulse 4.00
35.00 End of dialysis
37.00 Washing of precolumn® - 3 6.00
Removal of sample from
donor channel
39.00 Start of analysis
41.00 Flushing of donor and - 4
acceptor channels®
46.00 End of run; start of new run

* Valve positions are those shown in Fig. 1; SSV = solvent selection valve,
® Conditioning and washing of precolumn and flushing of dialysis block performed at 1.0 ml/min.

¢ Acceptor phase flow-rate during dialysis, 0.2 ml/min.

3. Results and discussion
3.1. Trace enrichment

When using on-line dialysis in combination
with a solid-phase extraction precolumn, it is
essential to have a sufficiently large break-
through volume of the analytes on this column
(preferably at least ca. 5 ml), in order to be able
to optimize the dialysis step and maximize the
analyte recovery. In the present study, several
packing materials were tested, first of all without
the addition of an ion-pairing reagent. Reversed-
phase sorbents such as C,g-bonded silica as well
as the more hydrophobic styrene—divinylbenzene
copolymer PLRP-S, however, provided insuffi-
cient retention for the two analytes of interest,
even when the particle size was reduced from 40
pm to 10 um and the precolumn dimensions
were increased from 10 X 2 mm to 20 X 4.6 mm
I.D. Very small breakthrough volumes of less
than 1 ml were found for both analytes in all

cases. Next, an ion-pairing reagent was added to
the acceptor phase and this option was tested in
combination with a 20 X 4.6 mm I.D. precolumn
containing 10 um C, 4-bonded silica. As both
analytes are zwitter-ionic, with pK, values of ca.
2.5 for the carboxylic acid and ca. 7.5 for the
amine group, the alternatives are the addition of
an anionic counter-ion at a low pH or a cationic
counter-ion at a high(er) pH. Since peniciilins
and cephalosporins are known to be rather
unstable at low pH values, the use of cationic
ion-pair reagents was preferred. When using
tetrabutylammonium salts in concentrations of
up to 50 mM, the breakthrough volumes of both
analytes were acceptable (ca. 5 ml). However,
the addition of up to 50 mM of these reagents to
the LC eluent did not result in sufficient re-
tention on the analytical column. Only the more
hydrophobic hexadecyltrimethylammonium ion
(in a concentration of 0.5 mM) gave a break-
through volume larger than 5 ml for both ana-
lytes on the precolumn as well as satisfactory
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retention on the analytical column. Due to its
low UV absorbance, the chloride salt (HTACI)
was selected for further experiments. :

It is obvious that a proper choice of the pH
value is essential when working with zwitter-
ionic analytes. Fig. 2 shows the breakthrough
volume of the more polar analyte (cefadroxil)
versus the pH of the acceptor phase (10 mM
phosphate) in the presence of HTACIL. Although
the carboxylic acid group is completely ionized at
pH>ca. 4, increasing breakthrough volumes
were observed when the pH was increased from
5.0 to 8.0. Apparently, not only the presence of
a negative charge is a prerequisite for ion-pair
formation with the cationic counter-ion, but also
the absence of a positive charge on the amino
group of the analyte. The largest breakthrough
volumes will, therefore, be found for analytes
with a full negative charge, i.e. at pH>ca. 9.5.
However, because both the analytes and the
precolumn material are known to be unstable
under alkaline conditions, no experiments were
performed at pH > 8.5. Surprisingly, an increase
in breakthrough volume was also encountered
for pH < 5. This can not be attributed to ion-pair
formation with HTACI; presumably some form
of ion-exchange interaction of the positively
charged analytes with the packing material is
responsible for this effect.

breakthrough
volume (ml)

0 " . T . r . )
2 3 4 5 6 7 8 9

pH
Fig. 2. Plot of breakthrough volume vs. pH of the acceptor
phase (10 mM phosphate, containing 0.5 mM HTACI) for
cefadroxil. Precolumn dimensions, 20 x 4.6 mm I.D. Accep-
tor phase flow-rate, 0.2 ml/min.

Using an acceptor phase of pH 8.0 (10 mM
phosphate buffer) and 0.5 mM HTACI as the
counter-ion, dialysis of aqueous standards and
spiked serum samples (pH 7.4) could be per-
formed without any problems by pumping 4 ml
of dialysate over the precolumn. However, a
complication arose when serum samples buffered
at pH 4.7 (100 mM phosphate) were analysed. In
this case, the breakthrough volumes of both
amoxicillin and cefadroxil decreased sharply.
When this phenomenon was studied in more
detail, it appeared that, apart from the pH, the
ionic strength and also the flow-rate of the
acceptor phase had a distinct influence on the
analyte breakthrough volumes. From the data
presented in Table 2, several interesting conclu-
sions can be drawn.

First of all, the lower pH of the buffered
serum samples caused the dialysate pH to de-
crease as well. As has been outlined above, this
directly influences the breakthrough volumes of
the analytes. By increasing the molarity of the
acceptor phase buffer from 10 to 200 mM (keep-
ing its pH at 8.0), this problem could be circum-
vented. However, only the breakthrough volume
of amoxicillin was found to improve in this case.
Apparently, next to the pH there is another
factor that influences the behaviour of cefadrox-
il. Most probably, its low breakthrough volume
can be ascribed to the increased ionic strength of
the acceptor phase, for when the molarity of the
acceptor phase buffer was reduced from 200 to
100 mM, and the pH was increased to 8.5 to
keep the pH of the dialysate at 7.5, the break-
through volume of cefadroxil markedly im-
proved. Possibly, the relatively large amounts of
inorganic anions in the acceptor phase compete
with the analytes for the counter-ion [19]. This
would also explain why cefadroxil, the more
polar analyte, was more strongly affected by an
increase of the ionic strength than amoxicillin. In
addition, it was found that the breakthrough
volume of cefadroxil could be increased by
reducing the flow-rate of the acceptor phase
from 1.5 to 0.2 ml/min. Obviously, the binding
of cefadroxil and HTACI takes place relatively
slowly. This means that, due to a kinetic limita-
tion, a smaller percentage of the analytes will
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Table 2

Influence of the ionic strength, pH and flow-rate of the acceptor phase on the breakthrough volume of cefadroxil and amoxicillin

Sample Acceptor phase pH of Flow-rate Breakthrough
dialysate of dialysate volume (ml)
Phosphate buffer pH (m1/min)
concentration (mM) Cefadroxil Amoxicillin
Unbuffered 10 8.0 7.5 1.5 4 >6
serum, pH 7.4
Buffered 10 8.0 6.0 1.5 1 <1
serum®, pH 4.7
Buffered 200 8.0 7.5 1.5 1 >6
serum, pH 4.7
Buffered 100 8.5 7.5 15 4 >4
serum, pH 4.7
Buffered 100 8.5 7.5 0.2 6 >6
serum, pH 4.7

* Adjusted with 100 mM phosphate buffer.

bind to the counter-ion at a high flow-rate or, in
other words, breakthrough will occur earlier.
Using a 100-mM phosphate buffer of pH 8.5,
at a flow-rate of 0.2 ml/min, as the acceptor
phase, the breakthrough volumes for both ana-
lytes were at least 6 ml, both for serum samples
buffered at pH 4.7 with 100 mM phosphate and
for muscle tissue samples buffered at pH 5.5 with
50 mM phosphate. It should be noted that the
analytes have to be sufficiently stable in the
acceptor phase for the duration of the dialysis
step (30 min at pH 8.5 and ambient tempera-
ture). It was found that both amoxicillin and
cefadroxil showed negligible degradation
(<2%) under these conditions. In addition, it
has already been reported that the analytes can
be stored for more than 16 h at pH 4.7 and 4°C
[18], which is adequate for overnight analysis.

3.2. Dialysis

Initially, the ion-pairing reagent was added to
the acceptor phase and, as such, pumped
through the dialysis block. Unfortunately, it was
found to adsorb strongly to the membrane,
which resulted in severe memory effects and

highly irreproducible results. Any contact of the
ion-pairing reagent with the membrane had,
therefore, to be prevented. As an alternative,
the precolumn was loaded with HTACI prior to
dialysis. In this way, the analytes, which were
now collected in an acceptor phase without ion-
pairing reagent, could also be conveniently
trapped. It was, however, necessary to include
an additional switching valve in the system to
bypass the dialysis block.

In general, for the dialysis of samples larger
than the donor compartment volume—as was the
situation encountered—two different modes are
available: the sample is pumped through the
dialysis block either continuously or in pulses
[16]. Typical values for analyte recovery and
dialysis time are 10-20% and 10 min for continu-
ous dialysis, compared to 30-40% and 20 min
for pulsed dialysis [20]. For the present applica-
tion, where sensitivity is more important than
speed, the pulsed mode was the logical choice
and the 750-ul samples were divided into three
250-u1 pulses, which were consecutively
dialysed. As the acceptor phase flow-rate was set
at 0.2 ml/min (in order to create a sufficiently
large breakthrough volume of cefadroxil) and 4.0
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ml of acceptor phase had to be handled, dialysis
took 20 min. Although ca. 20% of amoxicillin is
bound to proteins, analyte recoveries in aqueous
standards and in serum and muscle tissue were
essentially equal [1]. Recoveries of 32% (£2%
R.S.D.) and 34% ( = 2% R.S.D.) were found for
amoxicillin and cefadroxil, respectively, which
agrees rather well with the typical data men-
tioned earlier.

3.3. Selectivity

As mentioned above, dialysis is a powerful
tool for preparing complex samples for chro-
matographic analysis, as far as removal of
macromolecules is concerned. Selectivity, how-
ever, can only be obtained in the chromato-
graphic and/or detection part of the system. At
pH 7, amoxicillin and cefadroxil both have their
UV absorbance maximum at 230 nm and in the
chromatograms of bovine serum recorded at this
relatively non-selective wavelength a large num-
ber of interfering matrix components was ob-
served, which obscured the analyte peaks. Intro-
ducing a washing step of the precolumn (2 ml of
a buffer containing HTACI) improved the situa-
tion only slightly; it was, therefore, attempted to
apply a more selective detection mode. As
amoxicillin and cefadroxil both contain a phenol
group (pK, value ca. 9.5), under alkaline con-
ditions (pH > 11) their UV absorbance maximum
will shift to ca. 260 nm due to the abstraction of
the phenolic proton [21]. Although the pH shift
caused a moderate decrease of the sensitivity,
viz. of 25% and 10% for amoxicillin and cefad-
roxil, respectively, the contemplated increase in
selectivity was achieved. By simple post-column
addition of 0.1 M sodium hydroxide (flow-rate,
0.1 ml/min) and subsequent detection at 260 nm
a considerable reduction of the matrix back-
ground was observed. A limit of detection of
0.05 pg/ml was obtained for both analytes in
serum, which is sufficient for pharmacokinetic
studies after the administration of commonly
used drug doses. A typical chromatogram of
bovine serum, spiked with cefadroxil and amoxi-
cillin at the 2 ug/ml level, is shown in Fig. 3A.

Next, other, more complex sample types were

A CEF B
1.0 mAU 1.0 mAU
CEF
AMO
AMO
. )
5 10 1S 20 [ 10 15 20
time {min} time (min)
C D
—
N 1.0 mAU ’— 1.0 mAU
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AMO
CEF
J N
[ 10 15 20 [] 10 15 20
time (min) time (min)

Fig. 3. On-line dialysis LC-UV (260 nm) chromatograms of
bovine (A) serum, (B) muscle tissue, (C) kidney and (D)
liver. The samples were spiked with amoxicillin (amo) and
cefadroxil (cef), at (A) 2 ug/ml, (B) 2 png/g, and (C and D)
1 pg/g. As samples (B)—(D) were two-fold diluted prior to
dialysis, the analyte concentrations during analysis were (B)
1 ug/g and (C and D) 0.5 ug/g.

studied, viz. bovine muscle tissue, kidney and
liver. As can be seen in Fig. 3, the number of
interferences strongly varies with the type of
sample. Although muscle tissue contains much
more interfering endogenous compounds than
serum (Fig. 3B), an acceptable limit of detection
was found with the present method (0.2 ng/g).
The presence of interfering sample components
is even more striking in the chromatograms
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obtained for kidney (Fig. 3C) and liver (Fig. 3D)
homogenates. In fact, for these sample types the
method is not sufficiently selective to be of
practical value and future work will have to be
aimed at introducing more selectivity into the
system.

In the case of serum or plasma samples,
published methods typically yield detection limits
of 0.5-1.0 ug/ml both for amoxicillin [4,6] and
cefadroxil {12,13,15] when direct UV detection
at ca. 230 nm is used. This can be improved to
0.1 png/ml when a more complicated sample
clean-up is performed [9]. In order to improve
the detectability of the analytes in kidney and
liver samples, derivatization in combination with
fluorescence detection is a rather logical option.
If one wishes to perform the analyses on-line and
introduce full automation—as we do-the utiliza-
tion of post-column derivatization (with fluores-
camine [10,14,18]) is more attractive than that of
pre-column derivatization (which involves a
laborious procedure using mercury(Il) chloride
[5,71). However, the low detection limits of
0.01-0.1 mg/ml reported in the quoted litera-
ture, are for serum and plasma samples only. So,
in view of the results shown in Fig. 3, it is to be
expected that much work will have to be per-
formed to optimize the experimental conditions
for kidney and liver samples.

3.4. Performance of the total on-line system

Based on the above results, a method for the
determination of amoxicillin and cefadroxil was
set up for bovine serum and muscle tissue.
Samples (750-ul) were dialysed in three 250-u1
pulses. An acceptor phase of 100 mM phosphate
(pH 8.5) was pumped at 0.2 ml/min through a
C;-bonded silica packed precolumn, which had
been loaded with the counter-ion HTACI. After
preconcentration of the analytes, the precolumn
was washed with 2 ml of the same phosphate
buffer, containing 0.5 mM HTACIL. After valve
switching, the analytes were desorbed and sepa-
rated by LC, using post-column addition of 0.1
M sodium hydroxide prior to UV detection at
260 nm. The dialysis time was 20 min; the total
time for sample preparation, including the steps

for conditioning of the precolumn and flushing of
the dialysis block, was 46 min. Since a chromato-
graphic run took ca. 30 min and sample prepara-
tion and separation were performed in parallel,
about 30 samples can be processed per 24 h.
Relevant data on the analysis are summarized in
Table 3. Calibration curves were constructed for
both analytes in serum in two concentration
ranges: 0.05-1.0 ug/ml and 1.0-10 pg/ml, re-
spectively. In muscle tissue only one calibration
curve was made, ranging from 0.2-10 ug/g. The
limit of detection was 0.05 wg/ml for both
analytes in serum and, because of the presence
of more matrix interferences, 0.2 ug/g in muscle
tissue (cf. above). Inter-assay precision was de-
termined at two levels in both serum and muscle
tissue. The R.S.D. values ranged from ca. 2-5%
at a concentration of 2 ug/ml to ca. 4-10% at
twice the detection limit, which is fully satisfac-

tory.

4. Conclusions

The routine determination of amoxicillin and
cefadroxil in serum and muscle-tissue samples
can be carried out using an automated system,
which is based on the on-line combination of
dialysis, solid-phase extraction and liquid chro-
matography with UV detection. As the analytes
are highly polar and lack selective detection
characteristics, optimization of the preconcen-
tration and detection system is of utmost impor-
tance. By using an ion-pairing reagent and prop-
erly choosing the acceptor phase pH, ionic
strength and flow-rate, a (sufficiently large)
breakthrough volume of 6 ml for both analytes
can be obtained. Post-column addition of 0.1 M
sodium hydroxide to the column effluent and
detection at 260 nm instead of 230 nm increase
the selectivity of the method. The method allows
complete automation of the sample-preparation
procedure and, compared with literature studies
using UV detection, a 10-fold increase in sen-
sitivity is obtained for serum samples. In addi-
tion, the method can be used for the determi-
nation of the analytes in muscle-tissue samples,
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Table 3

Analytical data on the automated determination of amoxicillin and cefadroxil in bovine serum and muscle tissue using on-line

dialysis LC-UV

Parameter Serum Muscle

Amoxicillin Cefadroxil Amoxicillin Cefadroxil
LOD (ug/ml) 0.05 0.05 0.20 0.20
Linearity*
Range (ng/ml) 0.05-1.00 0.05-1.00 0.20-10.0 0.20-10.0
Slope ( *S.D.) 43(*1.8) 124 (£2.5) 44(=1.0) 99 (+2.0)
Intercept (£ S.D.) 0.7(£1.0) -14(x13) -13(£5) -21(%9)
R? 0.9707 0.9930 0.9897 0.9954
Range (pg/ml) 1.00-10.0 1.00-10.0
Slope ( =S.D.) 46 (£0.8) 108 (*1.6)
Intercept (= S.D.) —4.4(=x3.2) -2.0(*6.2)
R? 0.9925 0.9935
Precision (R.S.D.%)"
Level, 0.10 pg/ml 10 8.0 n.d° n.d
Level, 0.40 pg/lml n.d n.d 4.3 4.8
Level,2.00 uwg/ml 2.8 1.4 3.1 5.2
*Seven data points in triplicate.
"n=8.
“Not determined.
which is here reported for the first time. Since References

kidney and liver samples contain too many
interfering endogenous compounds to allow
proper analysis with the present procedure it is
recommended to improve selectivity by post-
column labelling with fluorescamine. With the
present fully automated set-up up to 30 samples
can be handled per day. The method has been
used for several months for pharmacokinetic
studies of amoxicillin in bovine serum samples
using cefadroxil as internal standard.
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