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Evaluation of Liquid Chromatographic Behavior of
Cephalosporin Antibiotics Using Restricted Access Medium
Columns for On-line Sample Cleanup of Bovine Milk
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13565-905 SP, Brazil

Microsample deproteinization of bovine milk was carried out on-line using a series of restricted access
medium (RAM) bovine serum albumin (BSA) columns: Cg, C;g, phenyl, and cyano. The four different
columns prepared showed a high percentage of protein exclusion using water as the mobile phase
and provided an appropriate retention profile for a series of five cephalosporin antibiotics (cefopera-
zone, cephacetril, cephalexin, cephapirin, and ceftiofur). Chromatographic conditions such as washing
time, buffer pH, and type and percentage of organic modifier were fully evaluated with respect to the
protein elution profile and retention of the antibiotic by RAM column. One of these columns was
chosen to develop and validate a method for the determination of cefoperazone in bovine milk. The
system used in this work was composed of a RAM-BSA phenyl column coupled to a C;5 analytical
column. The standard curve was linear over the range 0.100—2.50 «g/mL. The limits of quantification
and detection were 0.100 and 0.050 ug/mL, respectively. The developed method showed high
intermediate precision (CV of 2.37—2.63%) and accuracy (90.7—94.3%) with adequate sensitivity
for drug monitoring in bovine milk samples.

KEYWORDS: Restricted access media (RAM); column switching; direct injection; cephalosporins; bovine
milk

INTRODUCTION Cephalosporins ar@-lactam antibiotics that are effective
¢ against a broad spectrum of Gram-positive and Gram-negative

A quick overview of published methods for the analysis o b o Th el qf ¢ clinical "
compounds in complex biological samples reveals that the most. acteria. They are widely used for treatment of clinical mastitis

difficult step is the cleanup or the extraction of a required in cows caused by various bacterial infections. Cephalosporins
compound from the matrix (1—4) are semisynthetic antibiotics derived from the 7-aminocepha-

The strategy necessary to analyze exogenous compounds Mosporanic acid and differ only in the nature of the substituents
biological fluids depends greatly upon the nature of the attached at the 3- and/or 7-positions of the cephem nucleus

compound and on the bio-matrix. (Figure 1) (18). . . . .
To reduce sample manipulation, analysts have developed A number of chromatographic methods using various station-

methods that combine sample preparation with the separation@”y Phases and mobile phases have been described for the
methods (1—3). determination of cephalosporins in milk9—26). All of them,

Coupled-column separation using restricted access media innOWever, required sample preparation prior to the analysis.
the first dimension for the exclusion of macromolecules and Different types of sample preparation such as protein precipita-

retention of micromolecules has been used with great succesdion ultrafiltration, dilution of samples, and liquidiquid and
for a number of biological fluids (5—11). The number of solid-phase extraction on cartridges have been used. Thus, the

methods employing these columns for the analysis of eXogenouspossibiIity of reducing the number of steps in sample preparation

compounds in milk samples is, however, limitd@¢17). Milk for the analysis of cephalosporin antibiotics in bovine milk is
is a more complex matrix than plasma and serum due to the " important goal. _ _
presence of a ||p|d emulsion in addition to the protem‘; ( This work reportS the evaluation of four different types of

Methods for residual analysis are changing rapidly due to restricted access medium bovine serum albumin (RAM-BSA)
new techniques that are available. Among a variety of classescolumns for the exclusion of milk proteins and for the analysis

of compounds that need to be monitored in milk are the Of this class of highly polar antibiotics. Among the currently
antibiotics. administered cephalosporin antibiotics in agriculture, cefopera-

zone, ceftiofur, cephalexin, cephacetril, and cephapitigure
* Author to whom correspondence should be addressed (e-mail 1) Were the five compounds selected for this investigafiahle
quezia@pesquisador.cnpg.br). 1 shows the maximum residue levels in milk established for

10.1021/jf052455) CCC: $33.50 © 2006 American Chemical Society
Published on Web 01/20/2006



Cephalosporin Antibiotics

H H
OA( NYN N i i S
e} I
o H N =z S
O
COOH

OH a
B ;p
COONT

& S
N\l

J. Agric. Food Chem., Vol. 54, No. 4, 2006 1181

CH; H H
| 1 LS

N N [] 1
SN ] |
NH, H N
\_# ’ o Z CH;

Q) COOH

ff‘l

Cco0 Na*

Figure 1. Chemical structures of cephalosporin antibiotics selected: (1) cefoperazone, (2) cephalexin; (3) cephacetril; (4) ceftiofur; (5) cephapirin.

Table 1. Maximum Residue Levels of the Five Selected Antibiotics in
Accordance with OJ L 224, 18.8.1990 of the Council Regulation (EEC)
2377/90 of June 26, 19902

pharmacologically MRL
active substance marker residue (ug/kg)
cefoperazone cefoperazone 50
cephalexin cephalexin 100
cephacetril cephacetril 125
ceftiofur sum of all residues retaining 100
the betalactam structure
expressed as desfuroylceftiofur
cephapirin sum of cephapirin and acetyl 60

desacetylcephapirin

2Data obtained at http://cemul0.fmv.ulg.ac.be/ostc/902377/902377al.htm (on
March 8, 2005).

these compounds in accordance with Council Regulation (EEC).

2377/90 of June 26, 1990.

Furthermore, using direct injection onto one of the chosen
RAM columns, a multidimensional high-performance liquid

Natural pasteurized whole and skimmed milk were obtained from
different bakeries in S8o Carlos (SP, Brazil).

Instrumentation and Columns. The HPLC system consisted of two
Shimadzu LC-10ATVP pumps (Kyoto, Japan), with one of the pumps
having a valve FCV-10AL for selecting solvent, an autoinjector model
SIL 10AVP, a degasser model DGU-14A, a column oven CTO-10A
(at 30°C), an SPD-6AV U\-vis detector (at 270 nm), and an SCL
10AVP interface. A sample valve HPLC 7000 Nitronic EA (Supelco,
St. Louis, MO) was used for the automated column switching. Data
acquisition was done on Shimadzu Class-VP software.

The analytical column used (150 4.6 mm i.d.) (Gs-Hypersil, 5
um, 120 A) was packed by the ascending slurry method at 7500 psi,
using methanol (9).

The RAM-BSA columns (100x 4.6 mm i.d.) were prepared as
follows. Octyl (Luna, 1Qum, 100 A), octadecyl (Hypersil, 16m, 120
A), phenyl (Hypersil, sum, 120 A), and cyano (Hypersil, 1am, 120
A) silica columns were packed as described for the analytical column.
After the columns had been conditioned fet2 h with methanol at a
flow rate of 1.0 mL/min, the immobilization of BSA was carried out
in situ according to the Menezes and Feli&2) protocol and as
published before (89).

Recovery of Milk Proteins and Retention Studies of the Antibiot-
ics by RAM-BSA Columns. The conditions used for milk protein

chromatography (HPLC) method was successfully developed recovery using aliquots (50, 100, and 200) of whole milk type A

and validated to quantify cefoperazone in bovine milk.

MATERIALS AND METHODS

General. Acetonitrile (HPLC grade) was purchased from Mallinck-

(top grade milk) were the same as described elsewt& | plasma
protein and were based on the Bradford method (27).

The recovery was calculated from the absorbance ratio of the proteins
of the milk reference solutions with the solutions of the proteins of the
chromatographed sample milk.

rodt Baker (St. Louis, MO), and water was purified through a Milli-Q For the retention studies on the RAM columns, mobile phases
system (Millipore, Sdo Paulo, Brazil). Reagents and other chemicals composed of 0.01 M potassium dihydrogen phosphate buffer at different
were obtained from the following sources: bovine serum albumin pH values (2.5, 6.0, 6.5, 7.0, 7.5, and 8.0) with an appropriate percentage
(fraction V powder minimum 98%) and tetrabutylammonium hydrogen of acetonitrile were investigated. Cefoperazone and ceftiofur were
phosphate from Sigma (St. Louis, MO); glutaraldehyde and sodium analyzed using 0.01 M phosphate buffer/acetonitrile (70:30 v/v),
borohydride from Merck (Darmstadt, Germany); and potassium dihy- whereas cephapirin, cephalexin, and cephacetril were analyzed using
drogen phosphate from Cinética Quimica (Séo Paulo, SP, Brazil). The 0.01 M phosphate buffer/acetonitrile (90:10 v/v) as the mobile phase.
47 mm diameter, 0.4am nylon membranes used to filter all of the All analyses for retention studies were performed at room temper-
mobile phases were also obtained from Millipore. Antibiotics were ature. Stock solutions of cefoperazone (gmL) and ceftiofur (50
generously donated as follows: cefoperazone (Pfizer, Sdo Paulo, SPug/mL) were prepared in acetonitrile, and cephacetril (&2mL),
Brazil); cephacetril (Novartis, S8o Paulo, SP, Brazil); and cephalexin cephapirin (5Qug/mL), and cephalexin (50g/mL) were prepared in

and ceftiofur (Ouro Fino Produtos Veterinarios, Ribeirdo Preto, SP, Milli-Q water. A 100 L aliquot of each solution (5@g/mL) was
Brazil). Cephapirin was purchased from Sigma (St. Louis, MO). The injected in duplicate onto the RAM-BSA columns.

certificates of analysis of each compound provided the information  Standard Solutions for the Method Validation and Sample
about purity and identity of the antibiotics used. Preparation. Stock solutions of cefoperazone (20@/mL) were
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prepared in acetonitrile. From this stock solution six calibration Tgpe 2. Physical-Chemical Properties of Stationary Phases Used for
standards were prepared in acetonitrile at the following concentra- preparing the RAM Columns?

tions: 25.0, 20.0, 10.0, 5.00, 3.00, and 18§/mL. Quality control

solutions were prepared at 3.60, 15.0, and 28/nL. Stock, standard, particle pore  pore  superficial

and quality control solutions were prepared fresh weekly. silica  trade size  size volume area carbon  covering
To prepare the spiked samples, aliquots 413 of the appropriate (type) ~ name (wmy (&) (mlg) (m¥g) % (umolim?)

standard solution were placed into a series _of culture tubt_es, and the Cs Luna 10 100 400 13.50 550

solvents were evaporated under a stream of nitrogen. The dried analytes ¢, Hypersil 10 120 070 170 10.00 2.84

were reconstituted using a sample of milk (180 that was previously Ph  Hypersi 5 120  0.70 170 5.00 2.40

centrifuged at 10000@t 20 °C for 10 min, or acetonitrile (for the CN  Nucleosil 10 100 100 350 4.00 1.73

extraction efficiency evaluations), and then a 0.8 mM solution of

tetrabutylammonium phosphate (&B) prepared in 0.01 M potassium aData supplied from manufacturers,

dihydrogenphosphate buffer (pH 7.5) was added to each tube. The

solutions were vortex-mixed for 15 s. Aliquots of 180 were Table 3. Recoveries of Bovine Milk Proteins Excluded from RAM-BSA

transferred to autosampler vials, and 100 was injected into the
column-switching HPLC system. For the stability assays, the spiked
milk samples (thawed to room temperature), and the 0.8 mM solution injection volume of bovine milk
of tetrabutylammonium phosphate (4B) was added to each tube just ) 100 2L 200 L
before analysis. For method development and validation, skimmed milk “ # “
type A (top grade) was used. The method was also checked in whole column?  av (%) CV (%) av(%) CV (%) av(%) CV (%)
milk types A (top grade), B (intermediate grade), and C (inferior grade).  ¢,.gsp 89.0 157 93.0 367 93.0 572
Method Validation. Calibration-spiked skimmed milk standards C1g-BSA 99.0 6.24 94.0 2.60 93.0 1.44
(2.50, 2.00, 1.00, 0.50, 0.30, and 0.1/mL) were prepared in Ph-BSA 80.0 357 90.0 1.31 94.0 3.75
triplicate. The calibration curve was obtained by plotting the peak area CN-BSA 100 0.73 86.0 147 90.0 4.54
against the concentration of cefoperazone. Analyses of blank skimmed
milk were performed daily to evaluate the presence of potential  2Column size: 10 x 0.46 cm i.d.
interfering substances.

The extraction efficiency of cefoperazone from spiked skimmed milk °C. The chromatograms of the stored milk samples were compared

samples by the phenyl-BSA column was determined by analyzing iy, the chromatograms of freshly prepared milk samples.
quality control samples at three different concentrations: 0.360, 1.50,

and 2.20ug/mL. The peak area ratios of five spiked milk samples at
each concentration were compared with those of five injections of RESULTS AND DISCUSSION

standard solutions to derive an extraction percentage. . - . . .
Inter- and intraday variability of the method was evaluated by Exclusion Efficiency of the Bovine Milk Proteins by the

replicate analysis at the same three quality control concentrations (0.360,RAM-BSA Columns. There has been growth in the use of
1.50, and 2.2Qug/mL). Five samples of each concentration were Column switching to process a large number of samples and
prepared in milk on three nonconsecutive days. The accuracy of the also to achieve high selectivity associated with high sensitivity.
method was evaluated by back-calculation; it was also tested using Recently, two revisions on the application of RAM columns
blinded unknowns, at two different concentrations, which were prepared for on-line sample cleanup demonstrate their utility for a number
by a different analyst. The acceptance criteria for the limit of of different biological matrixess, 28). The number of reported
guantification were that the pre_cis_ipn and accuracy for three t_extracted methods for direct analysis of milk samples is, however, still
samples were un_der ZQ% varlablll_ty, an(_j the limit of detection was very small, probably due to the complex nature of the milk
calculated by taking a signal-to-noise ratio of three. matrix (5, 12—17, 28, 29). To permit direct injection of

Stability Evaluations. The stability of analytical standard solutions . .
of cefoperazone was evaluated at three quality control con(:entrationsbl()lc’gIc"Jll samples, the RAM column must be capable of

(0.360, 1.50, and 2.20g/mL) freshly prepared in triplicate and then ~'€MOVing endogenous components with high efficiency. To
stored at 4 and-20 °C. The results of those analyses were compared evalu_ate the efficiency of exclusion of integral b_ovme milk
with those for freshly prepared solutions. proteins by the RAM column, the recovery of proteins from all

The stability of cefoperazone in milk under long-term and short- RAM columns prepared was measured by using Bradford’s
term storage was evaluated as follows: Two batches of spiked samplesmethod (27). Despite the differences in the alkyl chains and in
at three quality control concentrations were prepared in bulk (3 mL), the trademark of the silicas use@iaple 2), all four columns
analyzed immediately after preparation, and then transferred to threeexhibited a high capacity of protein exclusion for the milk
culture tubes and stored at 4 ar@0 °C. Each sample was thawed o proteins. Recoveries in the range of-8000% were obtained
room temperature before triplicate analysis. This assay was carried OUtn 5 min using only water as mobile phase at a flow rate of 1
on three separate occasions at intervals of 24 h each. The concentrationﬁm_/min_ These results are presentedTible 3 and represent

of all samples were compared with the results of the first-day analysis. . .~ . -
For short-term storage (benchtop) the samples were prepared in triplice([elmectlons of 50, 100, and 2QaL of milk. It was not necessary

and kept at room temperature for 4 h before analysis. The freeze [0 US€ organic solvent or buffer to salt-out the milk proteins.
thaw stability was evaluated also at the three quality concentrations Similar performances were already observed in exclusion of
with samples prepared in bulk (3 mL) and analyzed fresh before storageplasma proteins from £and Gg RAM-BSA columns 8, 9,
at —20 °C. Then, the samples were frozen for 24 h and allowed to 30).
thaw before analysis. The samples were returned te-2@°C freezer Retention Evaluation for Cephalosporin Antibiotics on
for e}nother freezethaw cycle. This procedure was carried out fortwo  RAM-BSA Columns. In a preliminary experiment, the reten-
additional C.Ydes' . . o tions of the series of cephalosporins in all four RAM-BSA

The stability of samples durmg the residence time in the autgsampler olumns were evaluated using water as mobile phase. However,
was also assessed. The spiked samples at the three quality contro - . .

he compounds cephacetril, cephapirin, and cephalexin were not

concentrations were prepared and analyzed (1) immediately after o . .
preparation (time zero). Injections were carried out from the same vials SUfficiently retained under these conditions. To evaluate the

in intervals of 1 h for a period of 24 h. The concentration of all the iNfluence of mobile phase pH on the retention of these

stability samples was compared to the mean values obtained from thehydrophilic antibiotics by the RAM columns, the compounds
first injection. The stability of the matrix was evaluated at 4 arzD were analyzed at various pH values using 0.01 M phosphate

Columns, in 5 min Using Water as Mobile Phase
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Figure 2. Dependence of retention factors on pH value. Cefoperazone and ceftiofur were analyzed using 0.01 M phosphate buffer/acetonitrile (70:30
vlv), whereas cephapirin, cephalexin, and cephacetril were analyzed using 0.01 M phosphate buffer/acetonitrile (90:10 v/v) as the mobile phase: O,
cefacetril; @, cefoperazone; A, ceftiofur; %, cefalexina; A, cefapirina.

buffer at 1.0 mL/min. The pH values evaluated were 2.5, 6.0, this column and also the peak shape obtained. The &d
6.5, 7.0, 7.5, and 8.0F{gure 2). The range from 3.0 to 5.5 was phenyl-BSA columns afforded better symmetric chromato-
not used to avoid values around the isoelectric point of milk graphic bands when compared to thg- @nd cyano-BSA
proteins, at which protein precipitation can occ@4), Cefo- columns for the series of cephalosporins evaluakégufe 3).
perazone and ceftiofur were analyzed using 0.01 M phosphateColumns and experimental conditions that provide symmetrical
buffer/acetonitrile (70:30 v/v), whereas cephapirin, cephalexin, chromatographic bands are always preferred because this allows
and cephacetril were analyzed using 0.01 M phosphate buffer/accurate transfer of the analyte to the separating column.
acetonitrile (90:10 v/v) as the mobile phase. Although this column had showed the lowest exclusion capacity
The retention factors were strongly influenced by the apparent for milk proteins when water was used as the mobile phase
pH of the mobile phases. The cephalosporins possess aTable 3), suitable protein exclusion was obtained by adjusting
carboxylic acid group and another acidic or basic substituent the pH of the mobile phase.
in their cephem nucleus. In the pH range from 6.0 to 8.0 all  On the basis of the data froRigure 2, the highest retention
cephalosporins are completely ionized, whereas at pH 2.5 thefactors were obtained using mobile phase at pH 2.5. Thus, the
ionization of the acid group is suppressed and, as a result, thechromatographic exclusion behavior of milk proteins was
retention of the compounds cefoperazone, cephacetril, andinitially investigated using 0.01 M phosphate buffer at pH 2.5.
ceftiofur was increased on all columns. Cephalexin and cepha-However, at this pH the exclusion of proteins was inefficient
pirin showed, however, an increase in retention factor on the because the elution of the proteins was too long. Different buffer
C15-BSA column above pH 6.0. This was again observed for pH values were evaluated, and adequate exclusion was obtained
cephapirin on the £BSA column, but not for cephalexin, ata pH>6.0, with or without an organic modifier. At these pH
suggesting that ionic exchange secondary interactions may beranges the proteins were excluded within 5 min using a flow
occurring between the ionized analytes and the stationary phases.ate of 1.0 mL/min. The addition of low percentages of organic
All RAM-BSA columns evaluated gave an acceptable reten- modifier was desired to inhibit undesired adsorption of lipids
tion factor in at least one of the mobile phases used. Theseand proteins onto the pore surface of the hydrophobic phase.
results established that it is possible to use any of the BSA Therefore, the mobile phase for exclusion of milk proteins was
columns prepared for the method development and quantifica-chosen as 0.01 M phosphate buffer pH 7.5/acetonitrile (98:2
tion of these antibiotics in biological samples. v/v). Following proteins exclusion, a second mobile phase was
Method Development.From the series of antibiotic&igure needed to elute cefoperazone from the hydrophobic phase.
1) cefoperazone was selected as the model compound forAmong the different mobile phase compositions investigated,
method development. The phenyl-BSA-RAM column was 0.01 M phosphate buffer pH 7.5/acetonitrile (87:13 v/v) was
selected on the basis of the retention factor of cefoperazone onselected. However, poor reproducibility of retention factors was
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Figure 3. LC-UV chromatogram of cefoperazone in the Cyg- (A), phenyl- (B), Cg- (C), and cyano-RAM-BSA (D) columns.
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Figure 4. Schematic diagram of the column-switching system.

Auto-Injector

observed, probably due to the influence of temperature on theTable 4. Time Events for the Switching of Columns and of Mobile
ionization of cefoperazone (32). To circumvent this problem, Phases

the addition of a counterion (TB#A in the sample preparation
step (9) and the use of an oven to control the temperature of
the RAM were investigated. The addition of a stronger cationic

valve
time (min) pump? event position

0.00-5.00 1 (eluentA) milk proteins excluded by RAM column 1

counterion allqwed the formation of a cefoperazatmrgbu- 5 conditioning of the Cag column

tylammonium ion pair, and a temperature of 3D provided 5.01-9.79 1 (eluentB) elution of cefoperazone from the RAM 1

good reproducibility between a series of consecutive injections. 9.80-13.00 1 (eluentB) analytes transferred to the Cig column 2
The retention time of cefoperazone on thg €olumn was ig-gi‘%-gg i( et a”a%’_S'S Omf\ &efofefazone i
H H .01-20. eluen washing o column

adjusted as a function of pH and also by the percentage of the 2001-2700 1 (eluentA) conditioning of RAM column 1

organic modifier. The best chromatographic condition was
obtained with 0.01 M phosphate buffer, pH 5.0/acetonitrile (89:

@Pump 1: eluents (A) KH,PO4 0.01 M, pH 7.5/CH3CN (98:2 viv), (B) KH2PO4

11 viv). o . 0.01 M, pH 7.5/CH3CN (87:13 vlv), (C) CH3CN/H,0/2-propanal (75:15:10 viviv);
The CO|Umn‘SW|tC_h'ng system Use_d for the COUp“_ng of the  fiow rate 1.0 mL/min. Pump 2: eluent KH;PO4 0.01 M, pH 5.0/CHsCN (89:11 VAV);

RAM-phenyl-BSA with the Gg column is illustrated offrigure flow rate 1.0 mL/min; 4 270 nm.

4

To achieve the necessary sensitivity, an injection volume of cefoperazone from the RAM to the analytical column. To
100 uL was used. The samples were injected when the valve establish the transference time, the RAM column was initially
was in position 1. The sequence time used is listeTahle 4. connected to a UV-—vis detector. The elution profile of
The switching time was set from 9.8 to 13.0 min to transfer the cefoperazone from the RAM column and the time span used
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Figure 5. Representative LC-UV chromatograms of bovine milk spiked with cefoperazone at the phenyl-RAM-BSA column (A), a drugfree milk (B), and
a bovine milk spiked with cefoperazone (2.5 ug/mL) (C). Conditions for (B) and (C) as in Table 4.

for transferring it to the analytical column are showrFigure Table 5. Intra- and Interday Accuracy (acc) and Variability (CV) for the
5A. The phenyl-BSA column was cleaned with a mixture of Assay of Cefoperazone in Bovine Milk
acetonitrile/water/2-propanol (75:15:10 v/viv).

Chromatograms of the direct injection of drug free milk first day second day third day pooled
(Figure 5B) and a spiked bovine milk samplEigure 5C) show (n=5) (n=9) (n=5) (n=3)
no interferences at the retention time of cefoperazone. conen acc  CV.acc  CV.oacc  CVoacc  CV

Method validation was carried out according to internationally wgmb) (6 6 ) () () () () (")
accepted criteria (33) for all of the parameters evaluated. 0360 861 130 934 281 925 377 907 263

The calibration curve was obtained with a good linear ;-;g géé iég gg‘z" g-gj ggg gg% ggg g;g
response at 270 nm from 0.100 to 2/@'mL with a variation ' ' ' ' ' ' ' ' '
coefficient in the range of 0.675.14% for the triplicate analysis
at each concentration level. The following regression equations rapje 6. Extraction Efficiencies of the Cefoperazone from Bovine Milk

and correlation coefficients were obtaineg:= 9.63956 x (n=5)
1076x + 0.08418 (r= 0.99843).

The limits of quantification and detection were 0.1a§/mL concn added («g/mL) extraction efficiency (%)
(CV = 1.44%; accuracy= 121%) and 0.05@:ig/mL, respec- 0.360 99.8
tively. 150 100

Inter- and intraday precision and accuracy were investigated 220 97.9

using three quality control samples analyzed on three noncon-
secutive days. The precision determined at each concentration . .

level did not exceed 15% of the coefficient of variation (CV). Analytical Sta”‘;’ard golunons were_stable_ for 1 week when
The accuracy was evaluated by back-calculation and is expresse(‘]ﬂOred at 4 or-20°C. Milk samples sp|kec1 with cefoperazone
as the percent deviation between amount found and amountVere stable for 48 h when kept at 4 620 °C. Samples were
added at the three concentrations examined; all accuracy value?table when Stor?‘_j on the bench at room temperature for 4 h.
were below the 15% variation accepted criterion. These results'A‘umS‘"Impler stability was also determined, and all samples were
are shown iriTable 5. stable over the 24 h period evaluated.

The extraction and transfer efficiencie¥aple 6) were The stability of cefoperazone in milk-spiked samples during
determined at the three quality control concentration levels. The three freezethaw cycles was evaluated, and the antibiotic was
results were calculated on the basis of comparison to a solutionstable for two cycles.
of cefoperazone in acetonitrile. High recoveries were obtained The assay for evaluation of matrix stability showed that the
at the three concentrations examined. matrix was stable for a 3 day period when stored at 4-20

The long-term storage, short-term storage (benchtop), freeze °C. Different batches of milk were also evaluated, and no
thaw stability, and autosampler stability were evaluated. significant difference was observed between them.
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Table 7. Accuracy (acc) and Variability (CV) Obtained in the Duplicate (6) Cass, Q. B.; Lima, V. V.; Oliveira, R. V.; Cassiano, N. M.;
Analyses in the Assay of Cefoperazone in Whole Bovine Milk Type A Degani, A. L. G.; Pedrazzoli Jr., J. Enantiomeric determination
Samples of the plasma levels of omeprazole by direct plasma injection
using high-performance liquid chromatography with achiral-
sample conen (ug/mL) acc (%) CV (%) chiral column-switchingJ. Chromatogr. B2003, 798, 275—
1 0.200 943 390 281. _ . .
2 0.460 92.7 8.23 (7) Cass, Q. B.; Degani, A. L. G.; Cassiano, N. M.; Pedrazzoli Jr.,
3 1.10 93.7 3.28 J. Enantiomeric determination of pantoprazole in human plasma
4 1.84 93.1 311 by multidimensional high-performance liquid chromatography.
5 2.40 91.9 0.420 J. Chromatogr. B2002,766, 153—160.
6 1.50 88.0 0.280 (8) Cassiano, N. M.; Cass, Q. B.; Degani, A. L. G.; Wainer, I. W.
7 1.20 95.7 1.03 Determination of the plasma levels of metyrapone and its
g 82%8 322 2‘2‘30 enantiomeric metyrapol metabolites by direct plasma injection
10 0.300 942 118 and multidimensional achiral-chiral chromatograp@irality
2002,14 (9), 731—735.
(9) Cass, Q. B.; Gomes, R. F.; Calafatti, S. A.; Pedrazolli Jr., J.
S Determination of amoxycillin in human plasma by direct
Development and validation of the method was performed injection and coupled-column high-performance liquid chroma-
using skimmed milk type A. This initially was done to avoid tography.J. Chromatogr. A2003,987, 235—241.
the high lipid content of whole milk when compared with (10) Schéfer, C.; Lubda, D. Alkyl diol silica: restricted access pre-
skimmed milk. Once the method was validated in skim milk, it column packings for fast liquid chromatography-integrated
was also checked in whole milk. sample preparation of biological fluid3. Chromatogr. 22001,

909 (1), 73—78.

Ten different samples of whole milk type A spiked with  (11) Brewster, J. D.; Lightfield, A. R.; Barford, R. A. Evaluation of

~

cefoperazone at concentrations unknown to the analyst were restricted access media for high-performance liquid chromato-
analyzed. The samples were prepared in duplicate in concentra- graphic analysis of sulfonamide antibiotics residues in bovine
tions simulating a pharmacological profile. The analysis of these serum.J. Chromatogr.1992,598, 23-31.

samples was carried out jointly with the analyses of quality (12) Menezes, M. L.; Felix, G. Analysis of organochlorine pesticides
control samples (prepared with skimmed milk). The accuracy in plain milk using direct injection on an ISRP column with
L . T column switching.J. Lig. Chromatogr. Relat. Technal996,

and precision obtained met the acceptance criteria in all samples 19 (19), 32213228

evaluated, showing that the method can also be applied to whole (13) \enezes, M. L.; Felix, G. On line extraction and separation of

milk analysis. The results are describedTiable 7. bendiocarb, methomyl, methylparathion, and pentachlorophenol
The analysis of eight different types of whole milk (A, B, pesticides from raw milkJ. Lig. Chromatogr. Relat. Technol.

and C) was performed. The milks selected were trademarks sold 1998,21 (18), 2863-2871.

at local bakeries in S&o Carlos, Brazil. Cefoperazone or other (14) Menezes, M. L. Felix, G.; Demarchi, A. C. C. O. On-line
extraction and determination of carbofuran in raw milk by direct

inte.rf.eri.ng compounds vyith the same retention time as _the HPLC injection on an ISRP columiChromatographial998,
antibiotic were not found in any of these batches of whole milk. 47 (1-2), 81—83.

During all analyses performed-¢00 injections) no increase ~ (15) Blahova, E.; Bovanova, L.; Brandsteterova, E. Direct HPLC
in backpressure was observed:; just one RAM-phenyl and one analysis of trimethoprim in milkJ. Liq. Chromatogr. Relat.

Technol.2001,24 (19), 3027—3035.

Cag analytical column were used to complete the study. (16) Agarwal, V. K. High-performance liquid chromatographic de-

Conclusions. The use of the four BSA-RAM columns termination of neomycin in milk using a HISEP colunan Lig.
described provides the necessary retention profile for the variety Chromatogr.1990,13 (12), 2475—2487.
of hydrophilic cephalosporin antibiotics evaluated. Their useful- (17) Gonzalez, M. J.; Jiménez, B.; Hernandez, L. M.; Vidal-Madijar,
ness for microsample deproteinization of bovine milk was C.; Place, H. Use of a new HPLC stationary phase for one-step

cleanup of human milk for PCDD, PCDF, and PCB analysis.

illustrated by validating an automated HPLC method with direct
y g HRC & CC, J. High Resolut. Chromatogr. Chromatogr. Com-

injection of bovine milk for the quantification of cefoperazone. mun. 1993, 16 (2), 129130
This method proved to be precise and accurate with excellent (g Goodman. L. S.: Gilman, A. Antimicrobial agents. The
transfer efficiency and good recoveries. The sensitivity of the Pharmacological Basis of Therapeutics, 10th ed.; Hardman, J.
method is adequate for monitoring drug levels in bovine milk. G., Limbird, L. L., Gilman, A. G., Eds.; MacGraw-Hill: New
York, 2001; pp 1189—1218.
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