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A liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was developed for the
simultaneous determination of eight (-lactam antibiotics, including ampicillin, cefazolin, cefepime,
cefmetazole, cefotaxime, doripenem, meropenem, and piperacillin, in human serum. Sample specimens
were subjected to solid phase extraction (SPE) using Waters Oasis® HLB cartridges (30 mg). Chromato-
graphic separation was performed with a high-resolution octadecyl silica column compatible with
hydrophilic compounds, using a gradient of 10 mM aqueous ammonium formate containing 0.1% formic
acid-methanol. Antibiotics were detected by a triple quadrupole mass spectrometer (MS/MS) with elec-
trospray ionization and quantified by the multiple reaction monitoring mode. A total run time of 13 min
was applied. Linearity in the calibration was obtained over a range of 0.1-50 pg/mL of the B-lactam antibi-
otics, except for doripenem. The lower limit of quantification was 0.005-0.5 p.g/mL, using 50 L serum.
The recovery rate exceeded 80.2% for these analytes, except for doripenem (49.1%) and meropenem
(62.3%). The present method is applicable to routine therapeutic monitoring of 3-lactam antibiotics in
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clinical practice.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

3-Lactam antibiotics are the most frequently prescribed antimi-
crobial agents for the treatment of bacterial infections. The time
above the minimum inhibitory concentration (T>MIC) is one of
the most important parameters that correlates with the therapeu-
tic efficacy of B-lactam antibiotics. It is generally accepted that a
bacteriostatic effect is observed when T>MIC is maintained for
30% of the dosing interval for penicillins, 40% for cephalosporins
and 20% for carbapenems, whereas the maximum bactericidal
effect is reached when T>MIC exceeds for 50% of the interval for
penicillins, 60-70% for cephalosporins and 40% for carbapenems
[1-4]. These findings led to the optimization of dosage regi-
mens to increase clinical efficacy and to reduce the generation of
resistant mutants [5-8]. Therefore, monitoring of serum concentra-
tions of antibiotics in reference to the MIC of the micro-organism
causinginfectionisimportant inindividualizing antimicrobial ther-
apy.

Numerous HPLC-UV methods have been reported for the anal-
ysis B-lactam antibiotics in several biological fluids, including
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human plasma [8-10]. Because of the inherent low sensitivity, UV
methods required a large sample volume.

LC-MS/MS has led to a major breakthrough in the field of
quantitative bioanalysis due to its inherent specificity, sensitiv-
ity, and speed. Thus, LC-MS/MS is regarded as the preferred
technique of quantification small molecule drugs and their metabo-
lites in biological matrices such as plasma, blood, serum, urine,
and tissues [11]. For example, LC-MS/MS for the quantification
of B-lactam antibiotics has been reported to include clavulanic
acid in porcine tissues [12], multiple (3-lactam antibiotics in the
bovine kidney [13,14], five B-lactam antibiotics in raw milk [15],
cefepime in mouse plasma [16] and amoxicillin in human plasma
[17]. LC-MS/MS has long been used in food safety to measure
antibiotics, and the LC and MS conditions can be translated for
clinical use, even if the matrix is different. However, there have
been few articles on the simultaneous determination of peni-
cillin, cephem and carbapenem [-lactam compounds in human
specimens.

In the present study, an accurate and sensitive LC-MS/MS
method was established to simultaneously determine (3-lactam
antibiotics in human serum. In patients admitted to the inten-
sive care unit (ICU), particularly those with sepsis, serum drug
concentrations tend to be reduced due to the increased volume
of distribution (Vd) and cardiac output [4,18,19]. Therefore, the
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Table 1
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Parameters of the LC-MS/MS method for 8 B-lactam antibiotics and its internal standard.

Compounds MRM transition (m/z) Ionization mode Cone voltage (V) Collision energy (eV)
Cefepime 480.9>85.9 ESP+ 24 14
Doripenem 420.9>273.9 ESP+ 24 18
Meropenem 384.0>141.0 ESP+ 26 18
Cefmetazole 471.8>355.7 ESP+ 24 10
Cefotaxime 455.8>395.7 ESP+ 24 10
Ampicillin 349.9>105.9 ESP+ 22 14
Cefazolin 454.8>322.9 ESP+ 20 10
Piperacillin 517.9>143.1 ESP+ 28 22
Ethylparaben (IS) 165.0>91.8 ESP— 32 24

present method was applied to therapeutic drug monitoring in
patients admitted to the ICU.

2. Experimental
2.1. Chemicals and materials

Antibiotics were obtained from the following pharmaceutical
companies: cefazolin from Astellas Pharma Inc. (Tokyo, Japan),
cefepime from Bristol-Myers Squibb (Tokyo), cefmetazole from
Daiichi Sankyo Co. (Tokyo), meropenem from Dainippon Sumit-
omo Parma Co. (Osaka, Japan), ampicillin from Meiji Seika Kaisha
(Tokyo), cefotaxime from Nichi-Iko Pharmaceutical Co. (Toyama,
Japan), doripenem from Shionogi & Co. (Osaka), and piperacillin
from Taisho Toyama Pharmaceutical Co. (Tokyo). Formic acid
was purchased from Wako Pure Chemical Industries (Osaka).
Ethylparaben (internal standard, IS) and ammonium formate
were obtained from Nacalai Tesuque (Kyoto, Japan). HPLC grade
methanol was obtained from Kishida Chemical (Osaka). Water was
purified using a Milli-Q system (Millipore, Bedford, MA, USA). All
reagents were analytical reagent grade.

2.2. Stock solutions

Stock solutions of antibiotics (5mg/mL) and IS solution
(1 g/mL) were prepared by dissolving powdered antibiotics in
water and IS in methanol. They were stored at —70°C until use.
For the experiment they were dissolved in drug-free human serum
to obtain concentrations of 0.05, 0.1, 0.5, 1, 5, 10, 25, and 50 pg/mL.
Quality control (QC) samples at 0.1, 1, 10 and 50 pg/mL were
prepared by adding appropriate volumes of the respective stock
solutions to drug-free human serum. The prepared serum stan-
dards and quality control standards were transferred into 15 mL
polypropylene tubes and stored at —70 °C until analysis.

2.3. Sample preparation

The solid phase extraction (SPE) method was used. Briefly 50 L
aliquots of serum were spiked with 20 L IS solution (10 pg/mL
in methanol) and 280 p.L of 10 mM ammonium formate, and vor-
tex mixed for 20s. Samples were then loaded onto an Oasis® HLB
SPE cartridge (30 mg; Waters Co., Milford, USA), which was pre-
conditioned with methanol (1 mL), followed by water (1 mL). The
cartridge was rinsed with 10 mM ammonium formate (1 mL) and
then eluted with methanol (1 mL). The eluate was evaporated under
nitrogen at 50°C. The residue was reconstituted in a mixture of
200 pL of 10 mM ammonium formate and methanol (95:5), and it
was transferred to a low volume sampling vial. Blood samples were
collected into test tubes and centrifuged at 5000 rpm for 10 min at
4°C. The serum was frozen at —70°C in micro tubes until analysis.

2.4. LC-MS/MS method

LC-MS/MS analyses were performed using a Waters 2695
HPLC system (Milford, MA, USA) coupled with a Micromass
Quattromicro™ API triple quadrupole mass spectrometer (Manch-
ester, UK), which was operated using electrospray ionization in
positive and negative ion mode (ESI+ and ESI-) with multiple reac-
tion monitoring (MRM).

Separation was performed on a Unison UK-C18 (3 um
reversed-phase porous ODS, 50 mm x 2 mm LD., Imtakt, Kyoto).
Chromatographic separations were carried out under gradient con-
ditions, in which the mobile phase consisted of solvent A (10 mM
aqueous ammonium formate containing 0.1% formic acid) and sol-
vent B (methanol containing 0.1% formic acid). The gradient was as
follows: the ratio of A to B was initially 95:5 at time O to 0.5 min,
then the ratio was increased by a linear gradient from A:B 95:5 to
A:B 30:70 at time 0.5 to 4.5 min, and finally the ratio was 30:70 at
time 4.5 to 8.0 min. The flow rate was set at 0.3 mL/min. The column
and auto sampler tray temperature were 30 and 5 °C, respectively.
A 20 pLaliquot of each sample was injected and the LC effluent was
directed to the ESI source without splitting.

The MS/MS instrument was operated with a capillary voltage of
3.5KkV, source block temperature of 120°C and desolvatation gas
(nitrogen) heated to 400°C and delivered at 600 L/h. Collision cell
pressure was 3.0 x 1073 Torr of the indicated argon pressure. The
dwell time for each transition was 50 ms and the interchannel delay
was 20 ms. Sensitivity of MRM was optimized by infusing a mixture
of antibiotics containing 1 pg/mL each in 10 mM ammonium for-
mate mixture and methanol (1:1) with QuanLynx™ (Micromass,
Manchester, UK). The optimized MRM, cone voltage and collision
energy of each analyte are summarized in Table 1. Peak areas for all
components were automatically integrated using Masslynx™ NT
4.0 software (Micromass).

2.5. Validation of the LC-MS/MS method

Validation samples were prepared and analyzed to evaluate the
intra-day and inter-day accuracy and precision of the analytical
method for human serum. Six replicates of each of the validation
concentration sera (0.1, 1, 10 and 50 p.g/mL) were analyzed along
with one set of standard samples every day for 6 days. The limit of
detection (LOD) was determined from a signal to noise ratio (S/N)
of 3 and the lower limit of quantification (LOQ) from S/N of 10.

2.6. Recovery and matrix effect

Recovery and the matrix effect were assessed by six replicates of
spiked human serum at 0.1, 1 and 10 pg/mL of the analytes, accord-
ing to Matuszewski et al. [20]. Relative recovery was expressed as
the ratio of the peak area of the analyte spiked before extraction to
the peak area of an equivalent concentration analyte in the same
matrix spiked after extraction. Absolute recovery was expressed as



1040 T. Ohmori et al. / J. Chromatogr. B 879 (2011) 1038-1042

Table 2 Table 3
LOD, LOQ and linear regression data from calibration curves. Relative recovery (RR), absolute recovery (AR) and matrix effect (ME) for the assay
of 8 B-lactam antibiotics in six different lots of human serum (n=6).

Compounds LOD (pug/mL) LOQ (mg/mL) Linearity range  Correlation

(pg/mL) coefficient (12) Compounds ~ Nominal concentrations (ug/mL)  RR (%) AR (%) ME (%)

Cefepime 0.05 0.01 0.1-50 0.99 Cefepime 0.1 98.6 100.4 1.8

Doripenem  0.10 0.50 0.5-50 0.99 1 87.6 88.5 1.0

Meropenem  0.05 0.10 0.1-50 0.99 10 86.7 89.0 2.6
Cefmetazole 0.01 0.05 0.1-50 0.99 Doripenem 0.1

Cefotaxime  0.05 0.10 0.1-50 1.00 1 51.7 53.0 2.5

Ampicillin 0.01 0.05 0.1-50 0.99 10 491 50.6 2.9

Cefazolin 0.05 0.10 0.1-50 1.00 Meropenem 0.1 723 73.0 1.1

Piperacillin ~ 0.001 0.005 0.1-50 1.00 1 62.3 63.7 23

10 75.7 76.6 1.3

Cefmetazole 0.1 93.8 100.1 6.7

1 90.1 93.0 33

10 93.5 91.7 -1.9

the ratio of the peak area of the analyte spiked before extraction Cefotaxime (1)~1 23; 13‘2“-79 1g~g

to the peak area of authentic solution at the same concentration.

. . 10 87.3 88.7 1.6
The matrlx' effect was asses§ed by comparing the peak area of the Ampicillin 01 943 1018 30
analyte spiked post-extraction to the peak area of an equivalent 1 87.8 91.8 45
concentration of authentic solution. 10 88.1 89.1 1.2
Cefazolin 0.1 84.2 91.4 8.6
1 80.2 83.7 43
10 85.0 85.5 0.5
2.7. Application Piperacillin 0.1 98.4 95.7 2.8
1 90.5 95.4 5.4
This method was used for the determination of 3-lactam antibi- 10 90.5 919 1>
otics in serum concentrations from patients. The present study was
carried out in accordance with the Declaration of Helsinki by the
Ethics Committee of Gifu Graduate School of Medicine (approval
No. 22-61 of the institutional review board).
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Fig. 1. MRM chromatograms obtained from blank human serum (A), human serum spiked with IS (B) and human serum spiked with 1 pg/mL 3-lactam antibiotics and IS (C).



T. Ohmori et al. / J. Chromatogr. B 879 (2011) 1038-1042 1041

3. Results and discussion ~ —~
® 5
3.1. Ch t hy and t t g g
.1. Chromatography and mass spectrome ] ]
srapiy P Y 2«25 2 % ZloaN—mn o~
£|2g85328% 2185388838
[B-Lactam antibiotics reveal varied chromatographic behaviors
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otics reveal hydrophilic behavior, they have very limited retention i R & -
on conventional reversed-phase C;g columns. In order to separate g E
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Table 5

Trough concentration (Cpin ) of 3-lactam antibiotics from patients treated with intravenous infusion for 1 h.

Compounds Daily dose (g) Dosage interval Number of samples Median (range) concentrations
(p.g/mL)

Cefepime 6 2gper8h 6 29.7 (16.9-35.3)
Meropenem 2 1gper12h 7 9.8 (6.5-14.4)
3 1gper8h 4 6.3 (3.4-15.1)
Cefmetazole 2 lgper12h 1 1.9 (1.9-1.9)
Ampicillin 8 2gper6h 5 3.8 (1.4-26.9)
Cefazolin 6 2gper8h 8 10.9 (6.6-15.9)
Piperacillin 8 2gper6h 1 64.3 (64.3-64.3)
16 4gper6h 13 18.0 (3.8-62.4)

blank human serum with the corresponding spiked serum. There
were no significant interfering substances in human serum during
the course of analysis. Table 3 summarizes the data for relative
recovery, absolute recovery, and matrix effects. Relative recov-
eries ranged from 80.2 to 98.6%, while absolute recoveries from
83.7 to 104.9% for analytes, excluding doripenem and meropenem,
in which the absolute recoveries for doripenem and meropenem
were 50.6-53.0% and 63.7-76.6%, respectively. Since doripenem
and meropenem are highly hydrophilic compounds, the low reten-
tion of these antibiotics in the Oasis® HLB may reduce extraction
recovery. On the other hand, matrix effects ranged from —2.8 to
+10.0% for all analytes.

3.4. Accuracy and precision

The accuracy and precision of 8 (3-lactam antibiotics were cal-
culated from six replicates analyses of the quality control serum
samples at four concentrations. Table 4 summarizes the intra- and
inter-day precision for all B-lactam antibiotics. The intra-day preci-
sionranged from 1.1 to 14.3%, and the mean accuracy values ranged
from 86.4 to 106.3%. The inter-day precision and mean accuracy
ranged from 3.7 to 14.8% and from 90.0 to 112.3%, respectively.
Accuracies for all compounds were within the quantitative bioan-
alytical method validation guidelines set by the FDA, i.e. 85-115%,
and the precision was within 15% [29].

3.5. Application

Serum samples were taken from patients admitted to the ICU
to estimate trough concentration of antibiotics (Cyy;,). Table 5
summarizes the C;, of B-lactam antibiotics in patients treated
with intermittent administration. In the present study, the median
(range) piperacillin Cpi, was 18.0 (3.8-62.4) wg/mL, which was
comparable to the data reported by Conil et al. [30], in which the
median value (range) of the Cy,;, of piperacillin was 11.9 (<1-156.3)
weg/mL with wide variations among patients receiving intravenous
infusion of 4 g piperacillin three to four times a day.

Although the present method is used routinely, these findings
suggest that our method is a promising tool for the therapeutic
monitoring of B-lactam antibiotics, such as ampicillin, cefazolin,
cefepime, cefmetazole, meropenem, and piperacillin, in the clinical
setting.

4. Conclusion

We developed a rapid and sensitive LC-MS/MS method for
the simultaneous determination of 3-lactam antibiotics in human

serum. This method was highly sensitive and required as low as
50 L sample, and was successfully applied to the measurement of
B-lactam antibiotics in patients admitted to the ICU.
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