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Abstract

High performance liquid chromatography (HPLC) is the reference method for measuring concentrations of
antimicrobials in blood. This technique requires careful sample preparation. Protocols using organic solvents and/or
solid extraction phases are time consuming and entail several manipulations, which can lead to partial loss of the
determined compound and increased analytical variability. Moreover, to obtain sufficient material for analysis, at
least 1 ml of plasma is required. This constraint makes it difficult to determine drug levels when blood sample
volumes are limited. However, drugs with low plasma-protein binding can be reliably extracted from plasma by
ultra-filtration with a minimal loss due to the protein-bound fraction. This study validated a single-step ultra-filtration
method for extracting fluconazole (FLC), a first-line antifungal agent with a weak plasma-protein binding, from
plasma to determine its concentration by HPLC. Spiked FLC standards and unknowns were prepared in human and
rat plasma. Samples (240 �l) were transferred into disposable microtube filtration units containing cellulose or
polysulfone filters with a 5 kDa cut-off. After centrifugation for 60 min at 15000g, FLC concentrations were
measured by direct injection of the filtrate into the HPLC. Using cellulose filters, low molecular weight proteins were
eluted early in the chromatogram and well separated from FLC that eluted at 8.40 min as a sharp single peak. In
contrast, with polysulfone filters several additional peaks interfering with the FLC peak were observed. Moreover, the
FLC recovery using cellulose filters compared to polysulfone filters was higher and had a better reproducibility.
Cellulose filters were therefore used for the subsequent validation procedure. The quantification limit was 0.195
mg l−1. Standard curves with a quadratic regression coefficient�0.9999 were obtained in the concentration range of
0.195–100 mg l−1. The inter and intra-run accuracies and precisions over the clinically relevant concentration range,
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1.875–60 mg l−1, fell well within the �15% variation recommended by the current guidelines for the validation of
analytical methods. Furthermore, no analytical interference was observed with commonly used antibiotics, antifun-
gals, antivirals and immunosuppressive agents. Ultra-filtration of plasma with cellulose filters permits the extraction
of FLC from small volumes (240 �l). The determination of FLC concentrations by HPLC after this single-step
procedure is selective, precise and accurate. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Fluconazole (FLC) is a first-line antifungal
drug. Measuring its concentrations in the plasma
of patients is of clinical relevance when pharma-
cokinetics are unpredictable (e.g. in patients with
rapidly declining renal function or on continuous
veno-venous haemofiltration, in outpatients with
questionable adherence, in patients treated with
drugs interacting with the metabolism of FLC) or
when treating infections due to fungi with de-
creased susceptibility. Moreover, monitoring FLC
levels is an essential tool in experimental models,
in particular for investigating the correlation be-
tween the minimum inhibitory concentration of
FLC and the drug level needed for therapeutic
success.

FLC concentrations in plasma can be measured
either by HPLC or by bioassay. However, because
of its robustness, HPLC remains the reference
method and is required to validate the develop-
ment of any bioassay [1–5]. Prior to the HPLC
analysis, careful sample preparation to extract
FLC from plasma needs labour intensive proce-
dures using organic solvents and/or solid-phase
extraction [1–4,6,7]. This entails several manipu-
lations that can lead to an increased analytical
variability due to an unpredictable partial loss of
the measured compound. Furthermore, these
methods require at least 1 ml of plasma making it
difficult to determine drug levels when amounts of
plasma are limited, for example, in children or in
experiments with small animals.

HPLC sample preparation by ultra-filtration of
plasma is a simple and reliable extraction method
of the free circulating drug fraction of different
antimicrobial and antiretroviral agents [8–10].
FLC is weakly bound to plasma proteins (approx-
imately 10%) and circulates mainly as free drug

[11]. Therefore, measuring its free level in plasma
allows a good estimate of the circulating amount
of FLC available for penetration in infected tis-
sues. This study aimed to develop and validate a
single-step ultra-filtration method for extracting
FLC from small amounts of plasma to determine
its concentration by HPLC in the clinically rele-
vant concentration range of 1.875–60 mg l−1.

2. Experimental

2.1. Sample preparation and storage

Spiked samples were prepared by serial dilution
of FLC (kindly provided by Pfizer, Sandwich,
United Kingdom) in both, pooled human and rat
plasma containing 100 IU ml−1 sodium-heparin
(5% vol/vol). FLC standards ranged between
0.195 and 100 mg l−1. Quality controls contained
1.875, 3.75, 15 and 60 mg l−1 FLC. Samples were
aliquoted (250 �l) and stored at −80 °C. FLC in
plasma was stable after 24 h at room temperature
and after 1, 2 or 3 freeze-thaw cycles.

2.2. Comparison of polysulfone and cellulose
filters

Two types of filters with a 5 kDa cut-off,
containing either polysulfone or cellulose mem-
branes (Ultrafree MC centrifugal filter units, Mil-
lipore Co., Bedford, MA) were compared. 240 �l
aliquots of quality control samples were trans-
ferred into disposable microtube filtration units
pre-wetted with phosphate-buffered saline. After
centrifugation at 15000g for 60 min at 15 °C, 160
�l of filtrate was collected and directly analysed in
duplicate to measure the FLC concentration by
HPLC. The HPLC system (Hitachi Instruments,
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Ichige, Hitachinaka, Japan) consisted of the L-
7200 autosampler, the L-7100 gradient pump,
with low pressure mixing, and the L-7450A diode
array detector. Column temperature was main-
tained at 30 °C using a peltier column oven (Lab-
Source, Reinach, Switzerland). Samples were run
in duplicate. The results were analysed using the
D-7000 HPLC System Manager program (Hi-
tachi). A 60 �l sample was injected into a reverse-
phase C18 column (250 mm×4 mm ID, 5 �m
bead size; SuperPac Sephasil, Pharmacia Biotech,
Uppsala, Sweden) and eluted isocratically with 0.1
M sodium acetate, pH 5.0, containing 30%
methanol, at 30 °C with a flow rate of 1
ml min−1. FLC was detected by measuring UV
absorbance at 210 nm and quantified by the exter-
nal standard method using the FLC peak area.
The chromatogram was compared to that of ul-
tra-filtered FLC-free plasma. Moreover, the FLC
peak area obtained for each quality control
plasma sample after ultra-filtration with both
types of filter were compared to those measured
after direct injection of water containing the same
concentrations of FLC. For both filters, the re-
covery rate of each quality control concentration
was calculated according to the formula: FLC
peak area in the plasma ultra-filtrate/FLC peak
area in unfiltered water×100. For each tested
FLC concentration (1.875, 3.75, 15 and 60
mg l−1), recovery rates of triplicate experiments
were expressed as mean�standard deviation. Re-
covery results obtained for each tested concentra-
tion were pooled to calculate the average recovery
and its coefficient of variation (standard devia-
tion/mean recovery×100). The recovery rates
with the two types of filters were compared by a
two-sided t-test. The significance level was set at a
P�0.05.

2.3. Validation of the ultra-filtration method
using cellulose filters

Validation was performed according to the cur-
rent recommendations for analytical method vali-
dation, that require a standard curve with five to
eight points with reproducible linear or non-linear
responses and statistical fits [12]. The present
work used standard curves composed of eight

points and calculated by quadratic regression.
Each analytical run comprised eight standards
and four quality controls, all in duplicate. Intra
and inter-run accuracy (expressed by percent devi-
ation calculated according to the formula: mea-
sured value/nominal value×100) and precision
(expressed by the coefficient of variation calcu-
lated according to the formula: standard deviation
of measured values/mean measured values×100)
were determined for each quality control sample
(1.875, 3.75, 15 and 60 mg l−1). For both valida-
tion steps five analytical runs were performed.
Finally, in order to test the selectivity of the
method, the retention times of commonly used
antibiotics, antifungals, antiviral and immunosup-
pressive drugs were compared to that of FLC.
For this purpose, all drugs were diluted in water
and directly injected in the HPLC. The experi-
mental conditions were identical to those used to
measure FLC concentrations in ultra-filtered
plasma. The following compounds were tested:
antibiotics—penicillin, amoxicillin, ampicillin,
piperacillin, clavulanic acid, tazobactam, ceftriax-
one, ceftazidime, cefepime, imipenem/cilastatin,
meropenem, amikacin, gentamicin, vancomycin,
teicoplanin, metronidazole, sulfamethoxazole,
trimethoprim, erythromycin, clarithromycin, clin-
damycin, rifampicin, tetracycline, ciprofloxacin,
levofloxacin; antifungals—FLC, itraconazole, 5-
fluorocytosine, amphotericin B; antivirals—acy-
clovir, gancylovir, foscavir, ritonavir, nelfinavir,
indinavir, amprenavir, lopinavir, saquinavir, nevi-
rapine, efavirenz; immunosuppressants—cy-
closporin A and tacrolimus.

Moreover, in order to provide a practical exam-
ple, the plasma of a patient treated with FLC was
analysed to determine its trough concentration.

3. Results and discussion

3.1. Comparison of polysulfone and cellulose
filters

The chromatograms obtained after ultra-filtra-
tion of plasma alone (top panel) and of plasma
containing 50 mg l−1 FLC (bottom panel) using
polysulfone (left figures) or cellulose filters (right
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figures) are shown in Fig. 1. Filtration with cellu-
lose filters removed most of the plasma proteins,
and the remaining low molecular weight proteins
eluted over the first 7 min. No further plasma
protein peaks were observed. FLC was well sepa-
rated and eluted as a sharp single peak at 8.40
min. In contrast, polysulfone filters gave several

additional peaks partially overlapping with the
FLC peak. These ghost peaks were observed also
after ultra-filtration of water with polysulfone
filters suggesting the release of filter components
into the filtrate (data not shown). The recovery
rates of FLC in ultra-filtered plasma using both
types of filters are shown in Fig. 2. These ranged

Fig. 1. Chromatograms obtained following injection of human plasma alone (upper panel) and human plasma containing 50 mg l−1

FLC (lower panel) after ultra-filtration using polysulfone (left figures) and cellulose filters (right figures). FLC peaks are marked with
an arrow.
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Fig. 2. Recovery of FLC after ultra-filtration using polysulfone (left panel) or cellulose filters (right panel) of human plasma
containing the following FLC concentrations: 1.87, 3.75, 15 and 60 mg l−1. The recovery rates for each tested concentration were
calculated according to the formula: FLC peak area in the plasma ultra-filtrate/FLC peak area in unfiltered water×100. Mean
values and standard deviations of triplicate experiments are shown.

between 42.7�6% for 1.875 mg l−1 and 58.3�
7.6% for 60 mg l−1 (49.5�6.7%; CV=13.5%)
using polysulfone filters and between 73.7�6.1%
for 1.875 mg l−1 and 81�4.6% for 60 mg l−1

(76.4�3.2%, P�0.001 when compared to poly-
sulfone filters; CV=4.2%) using cellulose filters,
respectively. As the protein bound fraction con-
tributes approximately to 10% loss, the remaining
loss during ultra-filtration might be due to a
filter-dependent retention of free circulating FLC
in the filtration unit.

Cellulose filters were chosen for further valida-
tion studies due to both, the lack of peaks inter-
fering with that of FLC and the significantly
higher and better reproducible recovery rates,
when compared to those observed with polysul-
fone filters.

3.2. Validation of the method using cellulose
filters

The quantification limit was 0.195 mg l−1 cor-
responding to 0.024 �g FLC for a 60 �l injection
volume. Standard curves over the 0.195–100

mg l−1 range had a quadratic regression coeffi-
cient�0.9999 and the following parameters
(mean�standard error): b0=0.3817�0.0205,
b1=3.0371e−5�0.0747e−5, b2= −8.2258e−13

�0.6193e−13. These results were comparable
with those obtained with previously published
methods, that needed more complex sample
preparation [1–3,6,7]. For example, Rex et al.
reported that over 4 h were required to prepare 40
samples [1]. Using this simplified single-step
method, this time was reduced to 75 min (60 min
for ultra-filtration and 15 min for the different
manipulations before and after ultra-filtration) for
an analytical run comprising 50 samples (eight
standards, four quality controls and 38 samples)
[5]. Table 1 summarizes the results of the intra-
and inter-run validation procedure over the clini-
cally relevant concentration range of 1.875–60
mg l−1. All deviations and coefficients of varia-
tion lay well within the recommended �15%
limits [12]. An identical validation procedure
was run in rat plasma and gave similar re-
sults (data not shown). Finally, the retention
times of commonly used antibiotics, antifungals,
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Fig. 3. Chromatogram of the ultra-filtered plasma of a patient
treated with FLC and piperacillin/tazobactam. Blood was
drawn for the determination of the FLC 24 h-trough level in
the setting of rapid declining renal function. The FLC concen-
tration was 14.5 mg l−1. The piperacillin peak is marked with
an arrow. Tazobactam was not detected.

4. Conclusions

In conclusion, ultra-filtration with cellulose
filters with a 5 kDa cut-off allows the extraction
of FLC from volumes of plasma as low as 240 �l.
The determination of the FLC concentrations by
HPLC after this simplified single-step procedure is
simple, selective, precise and accurate.
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antivirals and immunosuppressive drugs and of
FLC, all diluted in water and directly injected in
the HPLC, were measured. None of the tested
compounds co-eluted with FLC. The results of
this screening show the selectivity of this sim-
plified HPLC method for measuring FLC concen-
trations. An example of the chromatogram of the
ultra-filtrated plasma drawn to determine the
FLC 24-h trough level in a patient treated with
FLC is shown in Fig. 3. The patient had multiple
myeloma, chemotherapy-induced neutropenia and
chronically impaired renal function. FLC 200 mg
was given once daily i.v. for Candida albicans
bloodstream infection and piperacillin/tazobac-
tam 4.5 g twice daily i.v. for Escherichia coli
sepsis. FLC 24-h trough level was measured after
a 7-day treatment in the setting of a rapid decline
in renal function attributed to infection. FLC
eluted as a sharp single peak and no overlap
occurred with the co-administered piperacillin/
tazobactam. The FLC 24-h trough level was 14.5
mg l−1.
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