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Abstract

A sensitive and selective liquid chromatographic–tandem mass spectrometric (LC–MS–MS) method was developed to determine ce-
fixime ((6R,7R)-7-[(Z)-2-(2-amino-4-thiazolyl)-2-(carboxymethoxyimino)acetamido]-8-oxo- 3-vinyl-5-thia-1-azabicyclo-[4,2,0]-oct-2-ene-
2-carboxylic acid) in human plasma. After a simple protein precipitation using acetonitrile, the post-treatment samples were analyzed on a
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8 column interfaced with a triple quadrupole tandem mass spectrometer. Positive electrospray ionization was employed as the
ource. The mobile phase consisted of acetonitrile–water–formic acid (40:60:0.5, v/v/v). The analyte and internal standard cefetam
etected by use of selected reaction monitoring mode. The method was linear in the concentration range of 0.05–8.0�g/ml. The lower limit
f quantification was 0.05�g/ml. The intra- and inter-day relative standard deviation across three validation runs over the entire conc
ange was less than 12.7%. The accuracy determined at three concentrations (0.05, 0.80 and 7.2�g/ml for cefixime) was within±2.0% in
erms of relative error. Each plasma sample was chromatographed within 3.5 min. The method herein described was successfully
he evaluation of pharmacokinetic profiles of cefixime capsule in 24 healthy volunteers.

2005 Elsevier B.V. All rights reserved.
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. Introduction

Cefixime ((6R,7R)-7-[(Z)-2-(2-amino-4-thiazolyl)-2-(ca-
boxymethoxyimino)acetamido]-8-oxo- 3-vinyl-5-thia-1-
zabicyclo-[4,2,0]-oct-2-ene-2-carboxylic acid), is an orally
bsorbed third generation cephalosporin antibiotic. It has a
road antibacterial spectrum against various gram-positive
acteria and gram-negative bacteria, includingHaemophilus
nfluenzae, Neisseria gonorrhoeae, Escherichia coli, and
lebsiella pneumoniaeresistant to ampicillin, cephalexin,
efaclor, and trimethoprim-sulfamethoxazole[1,2]. It was
ot hydrolyzed by the common plasmid or by chromoso-
al �-lactamases that inactivate the oral penicillins and

ephalosporins[3]. These in vitro advantages may provide

∗ Corresponding author. Tel.: +86 24 23902539; fax: +86 24 23902539.
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cefixime feasibility to treat some of the more diffic
respiratory and urinary tract infections[4].

Up to now, the determinations of cefixime in plas
have mainly been focused on microbiological[5] and high-
performance liquid chromatographic (HPLC) techniq
[6–12]. Due to poor selectivity, microbiological methods
only used for pharmacodynamic study now. Tokuma et a[6]
and Liu et al.[7] developed a sensitive HPLC–UV method
determine plasma and urine concentration of cefixime w
lower limit of quantification (LLOQ) of 0.05�g/ml by using
a double column and double pump HPLC switching sys
whereas the chromatographic run time of one sample
more than 15 min. Nowadays liquid chromatography–tan
mass spectrometry (LC–MS–MS), due to its higher
sitivity and selectivity, has been applied to the quan
cation of cephalosporin antibiotic in biological samp
[13].

570-0232/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Structures of cefixime (I) and cefetamet (II, internal standard).

The present study was undertaken to develop a sensitive
and rapid LC–MS–MS method for the determination of ce-
fixime in human plasma using cefetamet as the internal stan-
dard (Fig. 1). The sample preparation procedure was simple
and rapid, requiring only precipitation of proteins with 0.8 ml
of acetonitrile and the run time of each sample was 3.5 min,
which were suitable for the analysis of large batches of sam-
ples. The method was successfully applied to a pharmacoki-
netic study of cefixime after an oral administration of 200 mg
cefixime to 24 healthy volunteers.

2. Experimental

2.1. Materials

Cefixime (99.0% purity) and cefetamet (internal standard,
98.0% purity) were obtained from the National Institute for
the Control of Pharmaceutical and Biological Products (Bei-
jing, China). Methanol and acetonitrile (HPLC-grade) were
purchased from Kangkede Chemical (Tianjin, China). Formic
acid (analytical grade) was from Shenyang Chemical Co.
(Shenyang, China). Heparinized blank (drug free) human
plasma was obtained from Shenyang Blood Donor Service
(China). Distilled water, prepared from demineralized water
w
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tyGuard C18 (5�m) guard column (Phenomenex, Torrance,
CA, USA), using a mobile phase of acetonitrile–water–
formic acid (40:60:0.5, v/v/v), which was degassed by su-
personic procession before use. The liquid flow-rate was set
at 0.5 ml/min. The column temperature was maintained at
20◦C.

Mass spectrometer was operated in the positive mode.
Quantification was performed using selected reaction mon-
itoring (SRM) of the transitions ofm/z 454→m/z 285 for
cefixime andm/z398→m/z241 for cefetamet (I.S.), respec-
tively, with a scan time of 0.3 s per transition.Fig. 2shows the
product ion spectra of [M + H]+ of cefixime and cefetamet.

In order to optimize all the MS parameters, a standard
solution (1�g/ml) of the analyte and I.S. was infused into
the mass spectrometer. For both cefixime and cefetamet, the
following optimized parameters were obtained. The spray
voltage was set at 4.5 kV. Nitrogen was used as the sheath

F -
tamet (B).
as used throughout the study.

.2. Instrumentation

A Thermo Finnigan TSQ API II tandem mass spectr
ter equipped with an electrospray ionization (ESI) so
San Jose, CA, USA), a Shimadzu LC-10AD pump (Ky
apan) and Agilent 1100 Autosampler (Agilent, Wilmingt
E, USA) were used for LC–MS–MS analysis. Data ac
ition was performed with Xcalibur 1.1 software (Ther
innigan). Peak integration and calibration were carried
sing Finnigan LCQuan software.

.3. LC–MS–MS conditions

The chromatographic separation was achieved on a
ax SB C8 column (150 mm× 4.6 mm i.d., 5�m, Agilent,
ilmington, DE, USA) with a 4 mm× 3.0 mm i.d. Secur
ig. 2. Full-scan product ion spectra of [M + H]+ of cefixime (A) and cefe
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gas (80 psi) and auxiliary gas (3 l/min). The heated capillary
temperature was set to 280◦C. For collision-induced dissoci-
ation (CID), argon was used as the collision gas at a pressure
of approximately 1.9 mTorr. The optimized collision energy
of 18 eV was chosen for both cefixime and I.S.

2.4. Sample preparation

To a 0.5 ml aliquot of plasma sample, 100�l of internal
standard (20�g/ml cefetamet) and 100�l of methanol were
added. The sample mixture was deproteinized with 0.8 ml
of acetonitrile and vortex-mixed for approximate 1 min, al-
lowed to stand for 5 min, and the precipitate was removed
by centrifugation at 2000×g for 5 min. Then 200�l of su-
pernatant was transferred and evaporated to dryness at 40◦C
under a gentle stream of nitrogen. The dry residue was recon-
stituted in 150�l of the mobile phase, and then vortex-mixed.
A 20�l aliquot of the resulting solution was injected onto the
LC–MS–MS system for analysis.

2.5. Preparation of standard and quality control samples

Stock solution of cefixime was prepared in methanol at
the concentration of 400�g/ml. Stock solution of I.S. was
prepared in methanol at the concentration of 400�g/ml and
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According to the literatures reported by Knoller[8] and
Falkowski[9], cefixime in plasma was found to be stable at
37◦C for at least 24 h and at−18◦C for at least 6 months.
Stability of processing (three freeze–thaw cycles) and that
processed plasma samples subjected to 24 h at ambient tem-
perature was assessed by analyzing replicates (n= 3) of QC
samples. The results were compared with those QC samples
freshly prepared, and the percentage concentration deviation
was calculated.

2.7. Pharmacokinetic study

To demonstrate the reliability of this method for the study
of pharmacokinetics of cefixime, it was used to determine
cefixime concentrations in plasma samples 0–24 h after ad-
ministration of 200 mg cefixime to 24 healthy volunteers in
a pharmacokinetic study approved by the Ethics Committee.
The mean age of 24 male healthy volunteers was 21.1± 0.8
years, and the mean weight was 59.5± 5.9 kg. All volunteers
gave written informed consent to participate in the study ac-
cording to the principles of the Declaration of Helsinki. Serial
blood samples (4 ml) from a suitable antecubital vein were
collected into sodium heparin-containing tubes before and
0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 13.0 and 24.0 h
after the administration of cefixime. Plasma was separated
by centrifugation at 2000×g for 10 min and stored frozen at
−
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iluted to 20�g/ml with methanol. Calibration curves we
repared by spiking 100�l of the appropriate standard s

ution to 0.5 ml of blank plasma. Effective concentrati
n plasma samples were 0.05, 0.10, 0.20, 0.80, 2.0, 4.0
.0�g/ml for cefixime. The quality control (QC) samp
ere separately prepared in blank plasma at the conce

ions of 0.05, 0.80 and 7.2�g/ml, respectively. The spike
lasma samples (standards and quality controls) were

reated following the protein precipitation procedure on e
nalytical batch along with the unknown samples.

.6. Method validation

Plasma samples were quantified using the ratio of the
rea of cefixime to that of I.S. as the assay parameter.
rea ratios were plotted against cefixime concentration
tandard curves in the form ofy=A+Bxwere calculated us
ng weighted (1/x2) least squares linear regression.

To evaluate linearity, plasma calibration curves were
ared and assayed in duplicate on three separate day
ccuracy and precision were also assessed by determini
amples at three concentration levels on three different
ation days. The accuracy was expressed by (mean obs
oncentration)/(spiked concentration)× 100% and the prec
ion by relative standard deviation (RSD).

Absolute recoveries of cefixime at three QC levels w
etermined by assaying the samples as described abo
omparing the peak areas of both cefixime and IS with t
btained from direct injection of the compounds dissolve

he supernatant of the processed blank plasma.
e

d

20◦C until analysis.
Pharmacokinetic parameters were determined from

lasma concentration–time data. The elimination half
t1/2) was calculated with non-compartmental model of T
it program (Version 2.0, Gustav Fischer Verlag, Stuttg
ermany) on a personal computer. The area unde
lasma concentration–time curve from zero to the last m
urable plasma concentration point (AUC0− t) was cal-
ulated by the linear trapezoidal method. Extrapola
o time infinity (AUC0− ∞) was calculated as follow
UC0− ∞ =AUC0− t +Ct/ke, whereCt is the last measurab
lasma concentration andke is the elimination rate consta

. Results and discussion

.1. Mass spectrometry

Because cefixime has both amino and carboxylic gr
n its structure, it has mass spectrometric response eith
he positive ionization or in the negative ionization, whe
he signal intensity obtained in the positive mode was m
igher than that in the negative mode. Then the possibili
sing electrospray ionization (ESI) or atmospheric pres
hemical ionization (APCI) sources under positive ion
ection mode was evaluated during the early stage of me
evelopment. ESI spectra revealed higher signals for the

onated molecule of cefixime atm/z 454 compared to APC
ource. Further assay development was therefore limit
he ESI source. The Q1 full scan spectra of cefixime and
ere dominated by protonated molecules [M + H]+ and no
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significant solvent adduct ions and fragments ions were ob-
served. In the product spectra of [M + H]+ ions for cefixime
and I.S., along with the raising of the CID energy more frag-
ment ions were observed, at the same time, the response of
[M + H] + lowered significantly. When the CID energy was
set at 18 eV, the main fragment ion atm/z285 from cefixime
showed a highest MS response. Meanwhile, the most abun-
dant product ion from the I.S. wasm/z241. Additional tuning
of the ESI source such as capillary temperature, flow of sheath
and auxiliary gas (N2) and spray voltage onto the transition
m/z454→m/z285 (cefixime) andm/z398→m/z241 (cefe-
tamet) further improved the sensitivity. The fragmentations
of cefixime and I.S. were showed inFig. 1.

3.2. Chromatography

Although in the aspect of chromatographic separation the
determination of the analyte was not interfered with by en-
dogenous substances in the plasma, yet the ionization of
the analyte, especially of low concentration, was easily sup-
pressed, which resulted in the linearity of narrow concentra-
tion range. In order to avoid the ion suppression induced by
endogenous substances, the influence of the mobile phase that
composed of different percentage of organic phase to the ion
suppression was evaluated during the experiment. As is well
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plasma samples containing cefixime were prepared by protein
precipitation procedure. Three kinds of precipitation reagents
(methanol, acetonitrile and trichloroacetic acid) were investi-
gated during the experiment. It was found that the supernatant
was very difficult to be evaporated to dryness when using
trichloroacetic acid, on the other hand, if the supernatant was
directly injected onto the LC–MS–MS system for analysis,
the peak shape was not good. In the case of methanol, the re-
sulting supernatant was not so clear that it increased column
pressure and gradually deteriorated chromatograms and the
recovery was only about 80%. Using of acetonitrile could
provide sharp peak shape and higher recovery (more than
90% at three concentrations).

The difference between percentages of the organic phase
in the upper organic layer obtained after centrifugation (70%)
and that in the mobile phase (40%) was very large, so in order
to obtain symmetric chromatogram, 200�l of supernatant
were removed and evaporated to dryness at 40◦C under a
gentle stream of nitrogen. The dry residue was reconstituted
in 150�l of the mobile phase.

3.4. Method validation

3.4.1. Selectivity
Selectivity was assessed by comparing the chromatograms
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nown, if the percentage of the organic phase was raise
etention time of the analyte can be shortened, whereas s
cant ion suppression was observed. In the three compos
f mobile phase acetonitrile–water–formic acid (30:70:
0:60:0.5 and 50:50:0.5, v/v/v), it was found that only w

he mobile phase consists of acetonitrile–water–formic
40:60:0.5), the plasma assay demonstrated good lin
etween 0.05 and 8.0�g/ml for cefixime. In positive io
ode, the presence of a low amount of formic acid in
obile phase can improve the detection response of the

ytes. Meanwhile under the present chromatographic co
ions, the run time of each sample was 3.5 min. The rete
imes were 3.2 min and 3.1 min for cefixime and cefeta
espectively, and most of the endogenous substances
een eluted within 2 min.

.3. Preparation of plasma samples

Sample preparation is a critical step for accurate
eliable LC–MS–MS assays. The most widely emplo
iological sample preparation methodologies currently

iquid–liquid extraction (LLE), protein precipitation (PPT
nd solid-phase extraction (SPE). The polar, water-so
nd amphoteric character of cefixime makes it diffi

o extract from plasma by techniques such as con
ional liquid–liquid extraction which works with cefazol
ephalothin, cefamandole, cefoxitin, cefuroxime, cefotax
nd cefoperazone, or by ion-pair extraction with quater
mmonium salts which works with cephalothin.

PPT often provides higher recovery compared with L
specially for compounds which have high polarity. Thus
f six different batches of blank human plasma with the
esponding spiked plasma.Fig. 3 shows the typical chro
atograms of a blank, a spiked plasma sample with cefi

0.05�g/ml) and I.S., and a plasma sample from a hea
olunteer 2 h after an oral administration. There was no
ificant interference or ion suppression from endoge
ubstances observed at the retention times of the ana
ypical retention times for cefixime and cefetamet were
nd 3.1 min, respectively.

.4.2. Linearity of calibration curves and lower limits of
uantification

Visual inspection of the plotted duplicate calibrat
urves and correlation coefficients >0.99 confirmed tha
alibration curves were linear over the concentration ra
.05–8.0�g/ml for the analyte. Typical standard curve w
= 2.342× 10−3 + 0.247x. Wherey represents the ratios
efixime peak area to that of I.S. andx represents the plasm
oncentrations of cefixime.

The lower limit of quantification was defined as the lo
st concentration on the calibration curve for which an
eptable accuracy of±15% and a precision below 15
ere obtained. The present LC–MS–MS method offere
LOQ of 0.05�g/ml in 0.5 ml plasma sample. Under pres
LOQ of 0.05�g/ml, the cefixime concentration can be

ermined in plasma samples until 24 h after a single oral
f 200 mg cefixime, which is sensitive enough to inve
ate the pharmacokinetic behaviors of cefixime, to esta

he relationship between dose and pharmacological effe
uman.
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Fig. 3. Representative SRM chromatograms of cefixime (I) and I.S. (ce-
fetamet, II) in human plasma samples. (A) A blank plasma sample; (B) a
blank plasma sample spiked with cefixime at the LLOQ of 0.05�g/ml and
I.S. (4�g/ml); (C) plasma sample from a volunteer 2.0 h after administration
of 200 mg of cefixime.

3.4.3. Precision and accuracy
Table 1summarizes the intra- and inter-day precision and

accuracy for cefixime evaluated by assaying the QC samples.
The precision was calculated by using one-way ANOVA. In

Table 1
Accuracy and precision for the analysis of cefixime in human plasma (in
prestudy validation,n= 3 days, six replicates per day)

AddedC
(�g/ml)

FoundC
(�g/ml)

Intra-run
RSD (%)

Inter-run
RSD (%)

Relative
error (%)

0.050 0.049 7.0 10.5 −2.0
0.80 0.81 7.2 12.7 1.4
7.20 7.11 6.2 3.2 −1.2

Table 2
Stability data of cefixime in human plasma under various storage conditions
(n= 3)

Storage conditions AddedC
(�g/ml)

FoundC
(�g/ml)

Inter-run
RSD (%)

Relative
error (%)

Three freeze/thaw
cycles

0.050 0.047 13.7 −5.2

7.20 6.38 2.1 −11.4

24 h at room
temperature

0.050 0.047 9.6 −6.4

7.20 6.32 1.7 −12.2

this assay, the intra-run precision was 7.2% or less, and the
inter-run precision was 12.7% or less for each QC level of
cefixime. The accuracy was within±2.0%. The results above
demonstrated that the values were within the acceptable range
and the method was accurate and precise.

3.4.4. Recovery and stability
The recovery of cefixime, determined at three concentra-

tions (0.05, 0.80, 7.2�g/ml), were 95.4± 5.4%, 93.9± 6.6%
and 91.1± 5.8% (n= 6), respectively. The recovery of cefe-
tamet was investigated as 93.1± 4.7% (n= 6).

The results of stability experiments showed that no signif-
icant degradation occurred at ambient temperature for 24 h
and during the three freeze-thaw cycles for cefixime plasma
samples. Stability data of cefixime in human plasma were
shown inTable 2. Standard solutions of cefixime and cefe-
tamet were shown to remain stable for at least 20 days at 4◦C.
The results were obtained by comparing with those solutions
freshly prepared, and the percentage concentration deviation
were within±5%.

3.5. Application of the method to a pharmacokinetic
study in healthy volunteers

The method was applied to determine the plasma con-
c mg
c tion–
t

F oral
a t rep-
r

entration of cefixime after an oral administration of 200
efixime to 24 volunteers. The mean plasma concentra
ime curve of cefixime was shown inFig. 4. The main

ig. 4. Mean plasma concentration–time profile of cefixime after an
dministration of 200 mg cefixime to 24 healthy volunteers. Each poin
esents the mean± SD (n= 24).
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pharmacokinetic parameters of cefixime in 24 volunteers
were calculated. After oral administration of 200 mg ce-
fixime, the median ofTmax andCmax were found to be 4 h
(range 3–6 h) and 4.33�g/ml (range 1.52 to 8.81�g/ml),
respectively. Plasma concentrations declined witht1/2 of
4.19± 0.67 h. The AUC0− t and AUC0− ∞ values obtained
were 36.74± 15.98�g h/ml and 37.75± 16.27�g h/ml, re-
spectively.

Because of the relatively short chromatographic run time
and straightforward sample preparation procedure, a sample
throughput of 120 per day was routinely achieved. This sim-
ple and selective method for the determination of cefixime in
human plasma was readily applicable to the clinical pharma-
cokinetic study for cefixime.

4. Conclusions

A sensitive LC–MS–MS method for the quantification of
cefixime in human plasma was developed and validated. It
was then successfully applied for the evaluation of pharma-
cokinetic profiles of cefixime capsule in 24 healthy volun-
teers. The method is rapid, sensitive and highly selective with
a LLOQ of 0.05�g/ml using 0.5 ml human plasma. The de-
termination of one plasma sample needs 3.5 min. These re-

sults indicated that it is suitable for routine analysis of large
batches of biological samples.
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