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A RP-HPLC method with rapid sample processing was developed for quantitation of flucloxacillin in
human plasma using dicloxacillin as the internal standard. The plasma sample (100 mL) was acidified
with glacial acetic acid, and deproteinized by precipitation with acetonitrile. The supernatant was di-
rectly injected into the HPLC system. Separation was achieved on an AlltimaTM C18 column
(250 mm�4.6 mm I.D., 5 mm), with a mixture of 10 mmol � L�1 KH2PO4-acetonitrile (64.5 : 35.5, v/v) as
mobile phase. The assay was successfully applied to a randomized, two-period cross-over bioequiva-
lence study in 20 healthy Chinese volunteers following a single oral dose of 250 mg flucloxacillin cap-
sules. A non-compartmental method was used for pharmacokinetic analysis. Compared with data in
the literature, flucloxacillin was eliminated more slowly in Chinese than in Caucasians. Cmax, AUC(0 � t)

and AUC(0 �1) were tested for bioequivalence after log-transformation of data. No significant differ-
ence was found. Tmax was analyzed by Wilcoxon’s test and no significant difference was obtained
(P > 0.05). Based on these statistical inferences, the two formulations were judged to be bioequivalent
and, thus, can be prescribed interchangeably.

1. Introduction

Flucloxacillin is a beta-lactamase stable isoxazolyl-penicil-
lin. It is indicated for the treatment of infections due to
staphylococci resistant to benzylpenicillin and mixed
streptococcal infections (Bodey et al. 1972; Bal and Gould
2005). It is acid-stable and can be administered orally. Its
assay methods in the literature include microbiological as-
says (Roder et al. 1995; Frank et al. 1988) and HPLC
involving liquid-liquid or solid-phase extraction (Charles
et al. 1994; Hung et al. 1988). These methods are limited
by complex requirements for sample preparation and a
relatively long time for analysis. Furthermore, bioequiva-
lence studies of oral flucloxacillin have not been reported
in the literature and its pharmacokinetics in Chinese have
not yet been described.
The objective of the present investigation is to establish a
fully validated HPLC method with a sufficiently low
quantitation limit and shorter time for sample preparation
to support pharmacokinetic and bioequivalence studies of
flucloxacillin.

2. Investigations and results

2.1. Assay validation

Fig. 1 shows representative chromatograms of blank plasma,
a plasma sample spiked with flucloxacillin (5 mg � L�1)
and a plasma sample obtained at 0.5 h after a single 250 mg

oral dose of flucloxacillin in a healthy volunteer. Typical
retention times for flucloxacillin and the IS were 6.5 and
7.9 min, respectively. The total run time was 10 min. The
peak shapes were sharp and symmetrical. Flucloxacillin and
IS were well separated from endogenous compounds under
the chromatographic conditions described. Compared with
its parent drug, 5-hydroxymethylflucloxacillin, the major
metabolite of flucloxacillin, has less lipid solubility and
hence a shorter retention time. Under the HPLC condi-
tions specified, it did not interfere with flucloxacillin.
The assay was specific and linear from 0.2 to 40.0 mg � L�1.
The mean linear regression equation of the calibration curve
for flucloxacillin was Y ¼ 0.1081 (� 0.0094) X ––0.00219
(� 0.00281) (n ¼ 5, r ¼ 0.9999), where Y is the peak area
ratio of flucloxacillin to the IS and X is the flucloxacillin
concentration. LLOQwas established as 0.2 mg � L�1.
Precision and accuracy of flucloxacillin in quality control
(QC) samples (Table 1) fell well within the limits of ac-
ceptability. All values were <11%. The mean absolute re-
covery was 87.2% for flucloxacillin.
The stock solutions of flucloxacillin and IS were stable
for at least 60 d when stored at �20 �C. Stability results
for flucloxacillin in plasma are shown in Table 2, indicat-
ing that flucloxacillin was stable in plasma samples under
different storage conditions: immediately, after 3 h at am-
bient temperature, after sample processing and being on
the autosampler at 5 �C for 18 h, after three freeze/thaw
cycles and after 1 mo stored at �20 �C.
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2.2. Bioequivalence

The average concentration-time curves are shown in Fig. 2.
Major pharmacokinetic parameters derived from the two
formulations are listed in Table 3. Flucloxacillin had a rapid
absorption profile in Chinese volunteers. The residual area
(differences between AUC(0 � t) and AUC(0 �1)) of fluclox-
acillin (reference: 3%; test: 4%) accounted for <20% of the
AUC(0 � t). Therefore, the stated criterion (AUC(0 � t) /
AUC(0 �1) � 100% > 80%) was fulfilled and the residual
area had no significant impact on the calculation of
AUC(0 �1) and, consequently, on bioavailability.
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Fig. 1:
Chromatograms
A-blank plasma; B-5 mg � L�1 standard sample
of flucloxacillin; C-plasma sample at 0.5 h
after a single oral dose of flucloxacillin cap-
sule (250 mg) for one volunteer
a flucloxacillin, b internal standard

Table 1: Precision and accuracy of flucloxacillin in quality control samples

Added conc.
(mg � L�1)

Between-batch conc.
measured (mg � L�1, n ¼ 18)

RSD
(%)

RE
(%)

Within-batch conc.
measured (mg � L�1, n¼ 6)

RSD
(%)

RE
(%)

0.4 0.42 10.5 5.0 0.39 10.4 �2.5
4.0 4.01 6.0 0.3 3.94 6.8 �1:5
30.0 30.2 5.1 0.7 28.5 3.8 �5.0

Table 2: Stability of flucloxacillin in human plasma (n¼ 3)

Stability study Added conc.
(mg � L�1)

Found conc.
(mg � L�1)

RSD
(%)

RE
(%)

Short-term 0.4 0.42 10.4 �4.6
stability for 3 h in 4.0 3.92 2.1 1.5
plasma 30.0 31.64 1.3 4.2
Three freeze-thaw 0.4 0.42 10.0 4.6
cycles 4.0 3.88 2.6 �2.8

30.0 29.36 0.7 �4.4
Autosampler 0.4 0.41 7.6 �6.8
stability for 18 h 4.0 3.81 8.0 �5.3

30.0 28.54 2.6 �4.9
30 days’ stability 0.4 0.39 8.0 �2.5
at �20 �C 4.0 3.88 1.8 �3.7

30.0 30.46 1.6 0.3

Fig. 2: Mean concentration-time curve of flucloxacillin after a single oral
dose of 250 mg flucloxacillin capsules in 20 healthy volunteers

Table 3: Pharmacokinetic parameters obtained from 20 Chi-
nese volunteers after administration of 250 mg flu-
cloxacillin sodium capsules

Parameters Test Reference

AUC(0� t) (mg � h � L�1)
Geom. mean 28.7 27.9
S.D. 1.3 1.4
AUC(0� 1) (mg � h � L�1)
Geom. mean 29.8 28.8
S.D. 1.3 1.3
AUC(0� t) /AUC(0� 1) (%)
Mean 96.3 96.8
S.D. 2.5 2.8
AUC(t� 1) /AUC(0� 1) (%)
Mean 4 3
S.D. 2 3
Cmax (mg � L�1)
Geom. mean 14.5 13.9
S.D. 1.5 1.6
T1/2 (h)
Mean 1.9 1.7
S.D. 0.6 0.4
Tmax (h)
Mean 0.7 0.8
S.D. 0.1 0.4



Table 4 lists data for assessment of product, subject and
period effects; point estimate as well as 90% CIs of the
ratios (test/reference) for the log-transformed values; and
the power of the test. No statistically significant formula-
tion or period effect was encountered (P > 0.05). Inter-sub-
ject differences were the main source of variability in log-
transformed Cmax, AUC(0 � t) and AUC(0 � 1). The 90% CI
for the ratio of Cmax (87.1%–124.0%), AUC(0 � t) (92.6%–
114.2%), and AUC(0 � 1) (93.8%–114.1%) values for the
test and reference products were also entirely within the
FDA acceptable range of 80%–125%. In addition, no sig-
nificant difference was obtained for Tmax (P > 0.05).

3. Discussion

The chemical structure of dicloxacillin is very similar to
that of flucloxacillin, so we tried using dicloxacillin as the
IS. The working solution of IS was found to be unstable
and its content decreased by 30% after storage at 4 �C for
48 h. However, it was stable for at least 48 h if stored at
�20 �C.

Flucloxacillin and IS are acid-stable semisynthetic penicil-
lins. Plasma protein binding of both flucloxacillin and IS
was high (94.7 � 97.2%) (Roder et al. 1995). It was pre-
sumed that acidification could facilitate freeing these two
weakly acidic drugs from plasma albumin. Thus, we tried
sample preparation based on acidifying plasma and direct
protein precipitation. Both analyte and IS had a very weak
peak signal if the sample was processed without acidifica-
tion, whereas their peak signal improved markedly if the
sample was processed with glacial acetic acid (Fig. 3). It
showed that acidification improved the absolute recovery
of both the analyte and the IS in the plasma sample.
Sufficient recovery could be achieved using the sample
preparation method established, whereas increasing the vo-
lume of protein-precipitator (i.e., acetonitrile) brought
about not higher recovery but lower assay sensitivity. Col-
umn pressure was basically stable during the analysis of
800 plasma samples.
The IS was found to be more sensitive to acetonitrile con-
tent was than flucloxacillin and a mixture of 10 mmol � L––1

KH2PO4-acetonitrile (64.5 : 35.5, v/v) achieved good reso-
lution and symmetrical peak shapes of the analytes as well
as a short run time.
Flucloxacillin has strong antimicrobial activities against
Streptococcus pyogenes, Streptococcus pneumoniae and
Staphylococcus aureus. MIC90 values have been quoted as
0.1 � 0.5 mg � L�1 (Sutherland et al. 1970; Steer et al.

1997). In our study, the mean plasma concentrations of
flucloxacillin in the elimination phase (i.e., 5, 6, 7 and 8 h
after oral dose) were 1.2, 0.7, 0.5 and 0.35 mg � L�1, res-
pectively. It is well known that the clinical efficacy of b-
lactams is highly related to the amount of time for which
the serum concentration exceeds the MIC90 (T >MIC90)
(Turnidge 1998; Nicolau 2001). The results of our study
provided evidence for the prescribing information that oral
250 mg flucloxacillin should be administered four times
daily. A pronounced inter-subject variability in Cmax

was observed, with the values ranging from 3.2 �
26.0 mg � L�1. However, plasma concentration of flucloxa-
cillin at 6 h after oral dose in each subject was well above
0.5 mg � L�1. Thus, clinical efficacy was still warranted in
treatment of infections caused by susceptible bacteria.
Mean Tmax and Cmax in Chinese volunteers were 0.7 � 0.8 h
and 15 mg � L�1, respectively, very similar to the pharma-
cokinetic properties described for 250 mg flucloxacillin
capsules (Athlone Laboratories, Ireland). Mean T1/2

(1.7 � 1.9 h) in this study was longer than the half-life in
Caucasians, e.g., 1.31 � 1.39 h (Paton et al. 1982),
0.75 � 1 h specified in the 50th edition of the British Na-
tional Formulary and 0.75 � 0.83 h described for flucloxa-
cillin capsules (Athlone Laboratories, Ireland). It indicated
that flucloxacillin is eliminated more slowly in Chinese than
in Caucasians.
Two drug products are considered to be bioequivalent and
thus therapeutically equivalent if they are pharmaceutically
equivalent and if their rates (Cmax) and extents of absorp-
tion (AUC) do not show a significant difference when ad-
ministered at the same molar dose of the therapeutic moi-
ety under similar experimental conditions (Chow and Liu
1992). Based on the above mentioned statistical infer-
ences, the two formulations were judged to be bioequiva-
lent and, thus, can be prescribed interchangeably.
In summary, an RP-HPLC method with rapid sample pro-
cessing to determine flucloxacillin levels in human plasma
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Table 4: ANOVA for assessment of the product, subject and period effects, point estimate and 90% CI for the test/reference ratio
of Cmax, AUC(0�t) and AUC(0 �1), using logarithmic transformed data, after administration of 250 mg flucloxacillin
sodium capsules to 20 Chinese volunteers (a ¼ 0.05)

Parameters ANOVA (P-value) Variation source Point estimate 90% CI Power

Product Subject Period

Cmax 0.7084 0.0135 0.1736 105.5% 87.1%–124.1% 0.8150
AUC(0 � t) 0.6483 0.0058 0.2715 101.4% 92.6%–114.2% 0.9748
AUC(0 �1) 0.5610 0.0046 0.2867 101.0% 93.8%–114.1% 0.9717

Fig. 3: Chromatograms of 10 mg � L�1 standard sample of flucloxacillin
A- without adding glacial acetic acid; B- adding glacial acetic acid
a- flucloxacillin; b- internal standard



was established, validated and successfully applied to a
bioequivalence study. The assay developed showed accep-
table precision, accuracy, linearity, stability and specificity.
A pharmacokinetic and bioequivalence study in Chinese is
firstly reported for the first time.

4. Experimental

4.1. Drugs and reagents

Flucloxacillin (91.6% purity) and dicloxacillin (90.6% purity) were pur-
chased from the National Institute for the Control of Pharmaceutical and
Biological Products (Beijing, China). Dicloxacillin was used as the IS.
HPLC-grade acetonitrile and methanol were purchased from Caledon
(Georgetown, Canada). Ultrapure water from a Milli-Q system (Millipore,
Bedford, MA, USA) was used. All other chemicals were of analytical
grade. Test formulation was flucloxacillin sodium capsules (lot 060110)
from Shandong Pharmaceutical Factory (Shandong, China). Reference for-
mulation was flucloxacillin sodium capsules (lot 050737) from Bright Fu-
ture Pharmaceutical Laboratories Ltd. (Hong Kong, China). Each capsule
contained 250 mg of flucloxacillin sodium.

4.2. Standard solutions

A standard stock solution of flucloxacillin was prepared by dissolving
10.9 mg flucloxacillin in 10 mL methanol to give a nominal concentration
of 1 mg � mL�1 and the solution was kept at 4 �C before use. The IS stock
solution was prepared by dissolving 11.0 mg dicloxacillin in 10 mL meth-
anol to give a nominal concentration of 1 mg � mL�1. The IS working solu-
tion (20 mg � L�1) was prepared by diluting the stock solution of IS with
acetonitrile. Both IS stock solution and IS working solution were kept at
�20 �C before use.

4.3. Chromatography

The HPLC system consisted of a System Gold 125 solvent module, a
model 508 autosampler, a 166 UV detector and 32 Karat� Software ver-
sion 5.0 (Beckman Coulter, Inc., Fullerton, USA) and an AT-330 column
oven (Autoscience Co., Tianjin, China). The separation of compounds was
made on an Alltima1 (Alltech Associates, Inc., USA) ODS C18 column
(5 mm, 250 mm�4.6 mm i.d.), protected by a security guard cartridge
ODS C18 4 mm�3.0 mm ID (Phenomenex. Inc., USA). The mobile phase
was a mixture of 10 mmol � L�1 KH2O4-acetonitrile (64.5 : 35.5, v/v)
pumped at a flow-rate of 1.0 mL � min�1. The column oven was kept at
35 �C. The autosampler was set at 5 �C. The UV detector was set at 220 nm.

4.4. Sample preparation

A 100 mL volume of plasma was transferred to a microcentrifuge tube
(Eppendorf, 1.0 mL), and then 50 mL of IS working solution was spiked
and vortex-mixed for 5 s. A 50 mL aliquot of glacial acetic acid and
250 mL of acetonitrile were sequentially added. The sample was vortex-
mixed again for 10 s. After centrifugation at 36670 g for 10 min at 15 �C,
the supernatant was transferred to vials on the rack of the autosampler and
a 50 mL aliquot was injected into the chromatographic system.

4.5. Assay validation

Standard plasma samples of flucloxacillin at concentrations of 0.2, 0.5, 1,
5, 10, 20 and 40 mg � L�1 were obtained by diluting the stock solution of
flucloxacillin with drug-free human plasma. The QC samples were pre-
pared in bulk with an independent weighing of standard drug at concentra-
tions of 0.4 (low), 4 (medium) and 30 mg � L�1 (high) for flucloxacillin.
The calibration and QC samples were divided into aliquots in microcentri-
fuge tubes and stored in the freezer at below �20 �C until analysis.
A calibration curve was constructed from a blank sample (a plasma sample
processed without an IS) and seven standard plasma samples covering the
total range (0.2 � 40 mg � L�1 for flucloxacillin). Peak areas were recorded
and the analyte/IS peak area ratios obtained were plotted against the corre-
sponding concentration of the analyte. The calibration curves were con-
structed by linear regression analysis on five consecutive days. The accep-
tance criterion for a calibration curve was a correlation coefficient of 0.99
or better, and that each back-calculated standard concentration must be
within a 15% deviation from the nominal value except for the LLOQ, for
which the maximum acceptable deviation was set at 20%. LLOQ was de-
termined from the peak signal and the noise level, S/N, as 10.
Six randomly selected blank human plasma samples were carried through
the assay procedure to determine the extent to which endogenous plasma
components may contribute to interference with the analyte or IS. The
results were compared with the LLOQ for flucloxacillin.
Absolute recovery of flucloxacillin was evaluated by comparing the analyte
to IS peak area ratios of six processed low-, medium- and high-QC samples
to the ratios obtained from standard solutions fortified with glacial acetic
acid at the same theoretical concentrations of flucloxacillin.

Within-batch accuracy and precision evaluations were performed by repeated
analysis of flucloxacillin in human plasma. The run consisted of a calibration
curve plus six replicates of each of the low-, medium- and high-QC samples.
Between-batch accuracy and precision were assessed by analysis of samples
consisting of a calibration curve and six replicates of low-, medium- and
high-QC samples for flucloxacillin on three separate occasions.
The stability of flucloxacillin in plasma was evaluated in four studies: a
short-term stability study, a long-term stability study, a freeze-thaw study
and stability in the processed sample. The low-, medium- and high-QC
samples for flucloxacillin were assayed in triplicate. The concentration of
flucloxacillin after each storage period was related to the initial concentra-
tion as determined for samples that were freshly prepared and processed
immediately. The stability of standard stock solutions was also tested after
storage at �20 �C and under refrigeration (4 �C).

4.6. Bioequivalence study

After approval by the Ethics Committee of the 2nd Affiliated Hospital
(School of Medicine, Zhejiang University), 20 healthy male Chinese volun-
teers gave written informed consent to participate in a randomized, two-
period cross-over bioequivalence study. After a 12-hour overnight fast, the
volunteers received a single oral dose (equivalent to 250 mg of flucloxacil-
lin) of the test or reference products with 200 mL water. No food was
allowed until 4 h after dose administration. Blood samples (1 mL) were
drawn into VacutainerTM tubes containing K2EDTA from a forearm vein
using an indwelling catheter before drug intake and at 0.17, 0.33, 0.50,
0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 h after dosing. Blood samples
were centrifuged at 3000 g for 10 min and plasma was separated and
stored at �80 �C until HPLC determination.
Pharmacokinetic parameters were calculated using of a non-compartmental
method. Bioequivalence evaluation was performed using BAPP2.0 soft-
ware (Center of Drug Metabolism & Pharmacokinetics, China Pharmaceu-
tical University, Nanjing, China). Cmax and Tmax were determined by in-
spection of the plasma concentration-time profile. The terminal elimination
rate constant (lz) was determined by linear regression of the terminal por-
tion of the log concentration-time profile. T1/2 was calculated as 0.693/lz.
AUC was determined by the trapezoidal rule and extrapolated to infinity
by calculation of Ct/lz. Log transformed Cmax, AUC(0 � t) and AUC(0 �1)

were tested for bioequivalence using ANOVA and Schuirmann’s two-one
sided t-test (Schuirmann 1987). Tmax was analyzed by Wilcoxon’s test. A P
value of less than 0.05 was considered to be statistically significant. If the
two formulations were bioequivalent, 90% CI values for test/reference
ratios of Cmax, AUC(0�t) and AUC(0�1) should fall within the range of
80% � 125% (Chow and Liu 1992; Food and Drug Administration 1993).
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