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Abstract: This study was aimed to develop a more

rapid, simple and sensitive method to determine

ceftiofur in bovine serum using LC/MS with electrospray interface. Separation was achieved on the Nova-
Pak Cis reverse phase column. The mobile phase consisted of 0.1% acetic acid in water (A) and acetonitrile
(B) and gradiently flowed at the rate of 0.4 ml/min. As a result of analysis of blank muscle samples, matrix
interference was not shown. Limit of detection and limit of quantitaion was 5 ng/g and 20 ng/g,
respectively. The values of precision and recovery satisfied the guideline of NVRQS. The precision and
recovery developed in this method are suitable and sensitive to determine the concentration of ceftiofur in
the bovine serum. These results could be applied for the confirmation and quantification in the biofluid.
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Introduction

Cephalosporins are an important class of antibacterial
agents in use today for both humans and animals [1].
Ceftiofur, a third-generation cephalosporin, has been developed
exclusively for veterinary use and has worldwide approvals
for respiratory disease in swine, cattle, sheep, goats and
horses [1, 2].

Ceftiofur is a rather unstable compound for pH, temperature
and stability in aqueous solution, in comparison with other
soluble antibiotics [19]. Therefore, rapid determination of
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ceftiofur is in need. Cephalosporins can readily be detected
by microbiclogical methods and receptor tests which are
commonly wsed for screening purposes [6, 16, 20]. However,
these methods generally lack selectivity, hence producing only
qualitative or semi-quantitative results. HPLC has been by far the
most useful tool for the quantitaton of ceftiofur. Chromatographic
procedures have been described for determination of single
cephalosporin  or simultaneous determination of several
cephalosporins in biological materials [2, 3, 12, 14, 17].

More recently, liquid chromatograpy-mass spectrometry
(LC/MS) has been proposed for the analysis of ceftiofur in
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milk, as well as for the simultaneous analysis /- lactam
antibiotics [4, 7, 10, 18]. However, most of studies using
LC/MS have been described for determination of ceftiofur
or simultaneous determination of cephalosporins in milk. It
is seldom reported to determine ceftiofur in biomatrices,
such as tissue samples like serum or plasma. We aim to
develop the more rapid, simple and sensitive method for
the purpose of determining ceftiofur in bovine serum by
LC/MS with electrospray interface

Materials and methods

Chemicals

Ceftiofur for standard was given by Deahan Newpharm
(Hwasung, Korea). HPLC grade water, methanol, acetonitrile,
acetic acid and hexane were purchased from TEDIA (Ohio,
USA).

Instrumentation and chromatographic conditions
Samples were analyzed on a Hewlett-Packard 1100
series LC/MSD system. Separation was achieved on the
Nova-Pak Cjs reverse phase column (4 ym 3.9 mmXx 150
mm 1.D., Waters, USA). Flow rate was operated at 0.4
ml/min. The mobile phase consisted of 0.1% acetic acid in
water (A) and acetonitrile (B). Gradient runs were programmed
as follows: 30% A for 4 min, increase from 70% to 100%
B in 8 min, 100% B for 2 min, re-equilibration with 30%
A for 5 min, until the next sample injection. The nebulizing
gas was flowed at 45 p.s.i. and 3507C. The quadrupole was
heated to 100°C. The mass spectrometer was run in the
positive mode and selective ion monitoring mode.

Sample preparation

Each 1 ml bovine serum sample was added to 5 ml of
0.1% acetic acid in methanol for deprotenization and then
shaken for 10 min. The samples were centrifuged at 1,300
g for 10 min and the supematants were transferred into
other tubes. They were evaporated to dryness at 30T
under a stream of nitrogen. The residue was reconstituted
with 1 mL of methanol and an aliquot of 10 s f was
injected after filtration with syringe filter.

Treatment of data

Concentrations of ceftiofur in bovine serum were calculated
from the standard curves constructed by plotting the area of

ceftiofur against the working standard concentrations of
ceftiofur (0.01, 0.1, 0.5, 1.0, and 5.0 pg/ml). Results are
presented as mean * standard deviation. The recovery of
ceftiofur was assessed in triplicate determinations at spiked
muscles. The responses from the spiked sample were
compared with those from the blank serum sample and the
precision was expressed as coefficient of variation (C.V.).
Recovery and precision met certain criteria for the
guideline of residual analysis of veterinary drugs in
National Vetrinary Research and Quarantine Service (NVRQS).
Limit of detection and limit of quantitation were based on
the signal-to-noise ratio based on their areas. The signal-
to-noise ratio of 3 was accepted for the limit of detection
and that of 10 for the limit of quantiation.

Results

Mass spectra of ceftiofur

The mass spectra of ceftiofur showed that [M+H]", m/z
524.0, was the predominant ion (Fig. 2). Each relative
abundance of adduct ions, [M+Na]’, myz 546.0, was less
than 5% of [M+H]".
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Fig. 1. Structure of ceftiofur.

=0

Limit of quantitation and limit of detection

As a result of analysis of blank muscle samples, matrix
interference was not shown (Fig. 3). The peak of ceftiofur
was shown at about 14.2 min and increased in proportion
to its concentrations. The linearity for ceftiofur showed
high correlation coefficients (r) of 0.999. Limit of detection
and limit of quantitaion was 5 ng/g and 20 ngfg, respectively.

Recovery and precision

The values of precision and recovery were satisfied with
the guideline of NVRQS. The C.V. at 0.1 pg/ml, 1 gg/ml
and 10 pg/ml ranged from 4.47% to 1.56% and the recovery
of ceftiofur in bovine serum showed 94.214.21% for 0.1
qgfml, 94.9+2.33% for 1 yg/mL and 96.6*1.51% for 10
ugfml (Table 1).
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Fig. 2. Representative mass spectrum of ceftiofur.
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ion of ceftiofur (mfz, 524.0) as a selected ion monitoring mode.

Table 1. Recovery of ceftiofur from spiked bovine serum the present study, the highest recovery was obtained when
extraction with methanol was performed at the acidic pH
level of bovine serum. The recovery of ceftiofur may be

Spiked Detected
concentration concentration Recovery (%) C.V. (%)

(g/ml) (ugfml) influenced by its pKa or stability. Sunkara er al [19]
0.1 0090+0004 9424421 447 reported that ceftiofur degradation accelerated greatly at
1 095:+0.023 94.9+233 2.46 neutral pH and alkaline pH as compared to acidic pH.
10 9.66£0.151 96.611.51 1.56 Alternation of pH has a dramatic effect on the solubility of

ionizable agents [19]. Generally, it is known the ionized
compounds exhibit much higher solubility in aqueous solution
than unionized compounds. Hong er @/ [8] reported that

The highly sensitive and specific method for the most agricultural penicillins exhibited the highest recovery
determination of ceftiofur in the bovine serum by LC-MS in serum (70-90%) following extraction with a phosphate
has been established. The extraction of ceftiofur in bovine ~ buffer (pH 7)-acetonitrile solution and centrifugation. Beconi-
serum in this study was carried out by the simple liquid- ~ Barker er al went through a lengthy extraction process
liquid extraction with methanol which was used for the (extraction solution, dithioerythritol in borate buffer, followed
precipitation of protein. The recovery of the ceftiofur from by clean-up on Cy, anion- and cation-exchange SPE
bovirie serum was slightly dependent on the sample pH. In cartridges) and obtained recoveries of 70 to 85% in swine

Discussion
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muscle, liver and kidney [2]. Ceftiofur undergoes rapid
metabolism and degradation to form desfuroylceftioufur and
furoic acid [2, 3, 14, 19]. Therefore, determination of
ceftiofur in biomatrices must be based on rapid and simple
procedures. In the present study, recovery of ceftiofur in
bovine serum (ranged from 96.6% to 94.2%) showed
relatively higher values than previous studies, but also
extraction procedure was simple rather than sophisticated.

The electric charge depends not only on the number of
carboxyl and amino groups of the component, but also on
the pH of the mobile phase because the dissociations of
these groups are controlled by pH {5]. In a wide range of
pH all investigated cephalosporin compounds have a negative
net charge [5, 11, 13]. With an increase in the pH the
solutes reach the end of column faster but the resolution
becomes poor. The resolution would be improved by
decreasing the pH, however the time of the retention will
be markedly lengthened. In this study, the retention times
of ceftiofur were 14.2 min. Taking into consideration the
flow rate, these values were very short retention times as
compared to other HPLC method [3, 12, 17].

Various analytical methods have been developed for the
qunatitation of ceftiofur or other cephalosporins. Microbial
methods [15,20], liquid chromatography [2, 3, 12, 14, 17},
capillary electroporesis [5, 11, 13} and mass spectrometry
have been used [4, 7, 10, 18], but some methods achieved
only relatively high detection limits in the range of several
hundreads ng/g or ng/ml {2, 3, 15, 17, 20]. In the present
study, limit of quantitaion and limit of detection was 20
ng/g and 5 ngfg, respectively. These values satisfied the
acceptance criteria of the limit of detection and limit of
quantitation. The LOQ of this method is more sensitive
than previously reported [2, 3, S, 11, 12, 14, 15, 17, 20].

In conclusion, LC/MS is a simple, rapid and effective
technique for the determination of ceftiofur in bovine
serum. The precision and recovery developed in this method
are suitable and sensitive to determine the concentration of
ceftiofur in the bovine serum. These results could be
applied for the purpose of the confirmation and quantification
in the biofluid.

References

1. Adans, H. R Veterinary Pharmacology and Therapeutics,
Iowa State University Press, Ames, 2001.

10.

11.

. Brown, S. A., Chester, S. T., Speedy, A. K., Hubbard,

V. L., Callahan, J. K., Hamlow, P. J., Hibbard, B.
and Robb, E. J. Comparison of plasma pbarmacokinetics
and bioequivalence of ceftiofur sodium in cattle after a
single intramuscular or subcutaneous injection. J. Vet.
Pharmacol. Ther. 2000, 23(5), 273-280.

. Beconi-Barker, M. G., Roof, R. D., Millerioux, L.,

Kausche, F. M., Vidmar, T. H., Smith, E. B.,
Callahan, J. K., Hubbard, V. L., Smith, G. A. and
Gilbertson, T. J. Determination of ceftiofur and its
desfuroylceftiofur-related metabolites in swine tissues
by high-performance liquid chromatography. J. Chro-
matogr. B Biomed Appl. 1995, 673(2), 231-244.

. Fagerquist, C. K. and Lightfield, A. R. Confirmatory

analysis of beta-lactam antibiotics in kidney tissue by
liquid chromatography/electrospray ionization selective
reaction monitoring ion trap tandem mass spectrometry.
Rapid Commun. Mass Spectrom. 2003, 17(7), 660-671.

. Gaspar, A., Andrasi, M. and Kardoes, S. Application

of capillary zone electrophoresis to the analysis and to
a stability study of cephalosporins. J. Chromatogr. B
Analyt. Technol. Biomed. Life Sci. 2002, 775(2),
239-246.

. Gilbertson, T. J., Mejeur, R. L., Yein, F. S. and

Jaglan, P. S. Modified microbiological method for the
screening of antibiotics in milk. J. Dairy Sci. 1995,
78(5), 1032-1038.

. Holstege, D. M., Puschner, B., Whitehead, G. and

Galey, F. D. Screening and mass spectral confirmation
of beta-lactam antibiotic residues in milk using LC-
MS/MS. J. Agric. Food Chem. 2002, 50(2), 406-411.

. Hong, C. C,, Lin, C. L., Tsai, C. E. and Kondo, F.

Simultaneous identification and determination of residual
penicillins by use of high-performance liquid chromato-
graphy with spectrophotometric or fluorometric detectors.
Am. J. Vet. Res. 1995, 56(3), 297-303.

. Hornish, R .E. and Kotarski, S. F. Cephalosporins in

veterinary medicine-ceftiofur use in food animals.
Curr. Top. Med. Chem. 2002, 2(7), 717-731.

Keever. J, Voyksner, R. D. and Tyczkowska, K. L.
Quantitative determination of ceftiofur in milk by
liquid chromatography-electrospray mass spectrometry.
J. Chromatogr. A. 1998, 794(1-2), 57-62.

Lin, C. E,, Chen, H. W,, Lin, E. C,, Lin, K. S. and
Huang H. C. Optimization of separation and migration



12.

13.

14.

I5.

16.

Determination of Ceftiofur in Bovine Serum by Liquid Chromatography-Electrospray Mass Spectrometry

behavior of cephalosporins in capillary zone electro-
phoresis. J. Chromatogr. A. 2000, 879(2), 197-210.

McNeilly, P. J., Reeves, V. B. and Deveau, E. J.
Determination of ceftiofur in bovine milk by liquid
chromatography. J. AOAC Int. 1996, 79(4), 844-847.
Mrestani, Y., Neubert, R., Schiewe, J. and Hartl, A.
Application of capillary zone electrophoresis in cephalo-
sporin analysis. J. Chromatogr. B. Biomed. Sci. Appl.
1997, 690(1-2), 321-326.

Navarre, C. B., Zhang, L., Sunkara, G., Duran, S.
H. and Kompella, U. B. Ceftiofur distribution in
plasma and joint fluid following regional limb injection
in cattle. J. Vet. Pharmacol. Ther. 1999, 22(1), 13-19.
Okerman, L., De Wasch, K. and Van Hoof, J.
Detection of antibiotics in muscle tissue with micro-
biological inhibition tests: effects of the matrix.
Analyst. 1998, 123(11), 2361-2365.

Salter, R. S., Legg, D., Ossanna, N., Beyer, C,
Scheemaker, J., Markovsky, R. and Saul, S. J.

17.

18.

19.

20.

433

Charm Safe-Level beta-Lactam Test for amoxicillin,
ampicillin, ceftiofur, cephapirin, and penicillin G in raw
commingled milk. J. AOAC Im. 2001, 84(1), 29-36.
Sorensen, L. K. and Snor, L. K. Determination of
cephalosporins in raw bovine milk by high-performance
liquid chromatography. J. Chromatogr. A. 2000, 882(1-2),
145-151.

Straub, R., Linder, M. and Voyksner, R. D.
Determination of beta-lactam tesidues in milk using
perfusive-particle liquid chromatography combined with
ultrasonic nebulization electrospray mass spectrometry.
Anal. Chem. 1994, 66(21), 3651-3658.

Sunkara, G., Navarre, C. B. and Kompella, U. B.
Influence of pH and temperature on kinetics of
ceftiofur degradation in aqueous solutions. J. Pharm.
Pharmacol. 1999, 51(3), 249-255.

Zeng, S. S., Hart, S., Escobar, E. N. and Tesfai, K.
Validation of antibiotic residue tests for dairy goats. J.
Food Prot. 1998, 61(3), 344-349.



