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Simultaneous determination of enrofloxacin and ciprofloxacin in
animal biological fluids by high-performance liquid chromatography

Application in pharmacokinetic studies in pig and rabbit
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Abstract

A simple and rapid high-performance liquid chromatographic method for the simultaneous determination of enrofloxacin
and ciprofloxacin has been developed in pig and rabbit samples. Solid-phase extraction was applied from samples on a C18

cartridge using a mixture of methanol–hydrochloric acid (98:2, v /v). Analytical separation was performed on a C column18

with UV detection at 277 nm under gradient conditions. The mobile phase was a mixture of orthophosphoric acid–
triethylamine–acetonitrile. The method has been validated for both molecules in pig and rabbit plasma and adapted for rabbit
tissue-cage fluid (TCF). The assay is specific and reproducible within the both drugs and mean recoveries for ciprofloxacin
and enrofloxacin, respectively, were 9266% and 9065% for pig plasma over the range used. Mean recoveries for
enrofloxacin were 10869% and 10267% for rabbit plasma and TCF, respectively, over the range used. The suitability of the
assay for pharmacokinetic studies was determined by measuring enrofloxacin and ciprofloxacin concentrations either in pig
plasma after administration of a single intravenous 5 mg/kg dose of enrofloxacin or in rabbit plasma and TCF during a 24 h
infusion of enrofloxacin at a rate of 1.25 mg/kg per hour.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction pharmacokinetic of enrofloxacin in pigs, the first
objective was to develop a sensitive, specific and

Enrofloxacin is a fluoroquinolone with broad rapid assay to quantify enrofloxacin in plasma of
antibacterial spectrum and high bactericidal activity treated pigs. Because ciprofloxacin is the active
against major pathogenic bacteria found in diseased metabolite of enrofloxacin in several species [4,5],
animals [1,2]. Enrofloxacin is used in veterinary the assay must also be capable of distinguishing
medicine in cattle, pigs, poultry, dogs and cats. between these drugs. To study the penetration
Efficacy and tolerance in rabbits and fish are current- abilities of antimicrobial drugs, several investigators
ly being evaluated [3]. In pigs, enrofloxacin can be were used a tissue cage model, in which a pool of
used to treat bronchopneumoniae. To study the tissue fluid is created by implanting a cage subcuta-

neously in an experimental animal [6–9]. Our second
*Corresponding author. objective was to use this model in rabbit to study the
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distribution of enrofloxacin in the extravascular routine analysis of samples and was used to de-
liquid. Several methods for detection and quantifica- termine the pharmacokinetic profiles of enrofloxacin
tion of enrofloxacin or ciprofloxacin in biological and ciprofloxacin in pig plasma and in rabbit plasma
fluids and tissues have been developed. These meth- and TCF.
ods included microbiological assay [1], reversed-
phase high-performance liquid chromatography
(HPLC) with UV or fluorescence detection. Some 2. Experimental
papers compared microbiological assay and HPLC
[10–12]. Kung and Riond [10] found no correlation 2.1. Chemicals and reagents
between HPLC and bioassay methods at high en-
rofloxacin concentrations because ciprofloxacin, the Enrofloxacin and ciprofloxacin were kindly sup-
main metabolite of enrofloxacin in dog plasma, plied by Bayer (Leverkusen, Germany). The chemi-
influenced bioassay results. Some HPLC methods cal structure of these compounds is illustrated in Fig.
have been reported for the analysis of either en- 1. The following quinolones were used for specificity
rofloxacin [13–15] or ciprofloxacin [16,17] in bio- study: flumequine (Sanofi, France), oxolinic acid
logical tissues or fluids. Fewer methods were de-
veloped for used in determining both enrofloxacin
and ciprofloxacin in biological tissues or fluids such
as bovine and porcine muscle [18], fish muscle, liver
and skin [19], fish, chicken, veal and pork tissues
[20], canine serum and prostatic tissue [4] or bovine
milk and plasma [21,22]. A simultaneous determi-
nation of eight quinolones in meat and fish was
recently described by Horie et al. [23], a procedure
used earlier for enrofloxacin. However, none of these
methods appear satisfactory for the rapid and
simultaneous determination of enrofloxacin and
ciprofloxacin in small samples of pig plasma and
rabbit plasma and tissue-cage fluid (TCF) from
pharmacokinetic studies.

The purpose of the present study was to develop a
simple, rapid and reliable analytical procedure for
detection and quantification of enrofloxacin and
ciprofloxacin in plasma samples using a high-per-
formance liquid chromatographic assay with a re-
versed-phase C column and specific UV detection.18

One-step sample preparation procedure involved the
use of solid-phase extraction (SPE) with an acidified
organic solvent. This method was validated as indi-
cated in the recommendations of analytical methods
validation for bioavailability, bioequivalence and
pharmacokinetic studies in man and animals [24].
The parameters essential to ensure the acceptability
of the performance of an analytical method are
stability of the drug in the matrix under study storage
conditions, accuracy, precision, sensitivity, specifi-
city, response function and reproducibility [24].
Therefore, this analytical procedure allows the Fig. 1. Chemical structures of enrofloxacin and ciprofloxacin.
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(Sigma, USA), nalidixic acid (Sigma), marbofloxacin of methanol–hydrochloric acid (98:2, v /v). Solutions
(Vetoquinol, France), norfloxacin (Sigma), danoflox- for sample spiking (0.5, 1, 5, 10, 25, 50, 100 mg/ml)
acin mesylate (Pfizer, France), sarafloxacin (Solvay were prepared by mixing and diluting the stock
Duphar, The Netherlands), difloxacin chlorhydrate solutions in water.
(Solvay Duphar). Acetonitrile was HPLC-grade
(Merck, Nogent-sur-Marne, France). Methanol, tri- 2.4. Spiked biological fluids
ethylamine, orthophosphoric acid and chlorhydric
acid were all analytical-reagent grade (Merck). The Drug-free pooled plasma or TCF were prepared
water was purified by Milli-Q reverse osmosis from a live pig or rabbit. Spiked standards were
(Millipore, Milford, MA, USA). prepared from 0.05 mg/ml to 10 mg/ml by adding

appropriate amounts of enrofloxacin and ciprofloxa-
2.2. Chromatography cin to drug-free pooled plasma or TCF. After 15 min

of gentle mixing, spiked standards were shared out in
The HPLC system consisted of a Varian Model fractions and stored at 2208C.

9010 solvent delivery system, a Varian Model 9050
UV detector operating at 277 nm, a Varian Star 2.5. Sample preparation
computing program (Varian, Les Ulis, France) and a
Merck Model AS2000 autosampler provided with a The sample preparation procedure consisted of a
Rheodyne vanne and a 200-ml sample loop. Ana- SPE. Sep-Pak C (100 mg) cartridges (Waters,18

lytical separation of drugs was achieved on a 12534 Millipore) were previously activated with 2 ml of
mm I.D., 5 mm, prepacked Lichrospher RP18 end- methanol and then with 2 ml of purified water before
capped column (Merck), protected by a 434 mm use. Pig plasma samples were thawed out at room
guard column (Merck). The mobile phase was a temperature and centrifuged at 2000 g for 5 min.
mixture of 0.02 M orthophosphoric acid–0.008 M Supernatant (0.5 ml) was applied to a C cartridge18

triethylamine (1:1, v /v) (eluent A) and acetonitrile followed by 0.25 ml of water. After washing with
(eluent B) [18]. At t50, the mixture consisted of 0.5 ml of water and then 0.5 ml of acetonitrile, the
A–B (90:10), which changed linearly in 9 min to cartridge was properly dried and eluted with 0.1 ml
A–B (69:31). The system remained stable during 2 methanol containing 2% of hydrochloric acid. The
min and returned to its initial state in 0.5 min, and elution was completed by 1.4 ml of water. The
finally remained stable during 3.5 min. Total run mixture was transferred to autosampler vials.
time was 15 min. The flow-rate was 1 ml /min, and For rabbit plasma and TCF, the same method was
drugs were quantified by measuring the peak area. used with, respectively, 0.1 ml of rabbit plasma or
Sample preparation and analysis were performed in a 0.05 ml of TCF. Elution was performed with 0.15 ml
air-conditioned laboratory (228C). methanol containing 2% of hydrochloric acid and

completed by 1.35 ml of water.
2.3. Drug standards

2.6. Calibration and calculation
Stock standard solution of enrofloxacin was pre-

pared by dissolving 25 mg in 25 ml of methanol in Analyses of drug-free plasma or TCF spiked with
an ultrasonic bath and adjusting to a final volume of known amounts of enrofloxacin and ciprofloxacin
50 ml with water. Stock standard solution of cipro- were carried out applying the procedure described
floxacin was obtained by dissolving 25 mg in 2.5 ml above. The sample concentration was calculated by
of orthophosphoric acid in an ultrasonic bath and comparison of peak area with the peak area of a
then adjusting to a final volume of 50 ml with water. nominal concentration of an external standard and
These solutions were stored at 148C in brown glass corrected by the concentration factor and the re-
vessels. Working solutions (0.05, 0.1, 0.5, 1, 2.5, 5, covery rate.
10 mg/ml) were daily prepared by mixing and Linear regression of the peak-area ratios as a
diluting the stock solutions in water containing 6.7% function of the theoretical concentrations was applied
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to each standard curve and spiked curve over the 2.9. Limit of quantification and limit of detection
range used (0.05–10 mg/ml for pig plasma and
0.05–5 mg/ml for rabbit plasma). Intra-assay repro- The limit of detection (LOD) is the smallest
ducibility was determined for calibration curves concentration from which it is possible to deduce the
prepared in duplicate on the same day using the same presence of the analyte with reasonable statistical
stock solutions. The linearity of the method was certainty. The LOD is equal to the mean of the
confirmed using the classical tests by analysis of measured content of representative blank samples
variance. plus three-times the standard deviation of the mean

Stability of stock standard solutions at 148C has [25].
been verified during two weeks. Stability of 1 mg/ml The limit of quantification (LOQ) in pig and
spiked plasma at 2208C has been verified for rabbit samples is the lowest concentration from
ciprofloxacin and enrofloxacin during the samples which it is possible to quantify the analyte with
storage period (two weeks). The influence of three reasonable statistical certainty. The LOQ is equal to
freeze–thaw cycles has been tested in triplicate on 1 the mean of the measured content of representative
mg/ml spiked plasma. blank samples plus ten-times the standard deviation

Selectivity of the method against enrofloxacin and of the mean. The LOQ can also correspond to the
ciprofloxacin was verified by comparison with others smallest validated concentration within the limits of
quinolones (flumequine, oxolinic acid, nalidixic acid, precision and accuracy set for the method (CV#15%
marbofloxacin, norfloxacin, danofloxacin, saraflox- of precision, 615% of accuracy).
acin, difloxacin).

2.10. Applicability to pharmacokinetic studies

2.7. Precision and accuracy To test the suitability of the assay for phar-
macokinetic studies, a single bolus intravenous (i.v.)

Inter- and intra-day repeatabilities in pig plasma dose of 5 mg/kg b.w. of enrofloxacin was adminis-
were assessed by performing triplicate analysis of tered to five crossbreed pigs (two females and three
spiked plasma with enrofloxacin and ciprofloxacin males weighing 30.464.0 kg, two months old).
(0.05, 1, 10 mg/ml) against standard solution, on Serial blood samples (5 ml) were collected into
different days (n54). Inter- and intra-day re- heparinized tubes at different times after the i.v.
peatabilities in rabbit plasma were assessed by administration via a catheter previously implanted in
performing duplicate analysis of spiked plasma with the left jugular vein by surgery. Plasma was immedi-
enrofloxacin and ciprofloxacin (0.05, 1, 5 mg/ml) ately separated by centrifugation at 1500 g for 15
against standard solution, on different days (n53). min, and samples were stored at 2208C until analy-
The accuracy was expressed as percent deviation of sis.
observed concentration from theoretical concentra- This HPLC method has been applied to quantify
tion. enrofloxacin and ciprofloxacin secondly in plasma

and TCF of four rabbits (New Zealand White
females weighing 2.25–2.50 kg, two months old).

2.8. Recovery Four sterile silicone (Silastic, Prolabo, France) tubes
(4038 mm I.D.) perforated by regularly spaces 1-

The extraction efficiency (recovery) was deter- mm diameter holes were aseptically implanted sub-
mined for the two compounds by comparing peak cutaneously into the flanks as previously described
areas from drug-free samples spiked with known [7]. The experiment was started three weeks after
amounts of drugs (in the range of concentrations of surgery when the interstitial fluid that had accumu-
the calibration curves) and standard solutions in the lated in tissue cages was stable. Rabbits received a
mobile phase, injected directly into the analytical 24 h infusion of enrofloxacin at a rate of 1.25 mg/kg
column. Each sample was determined in duplicate. per hour by a catheter implanted in the central vein
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of the ear. A second catheter was inserted in the sive using a conventional C column and polar18

opposite ear to take blood (0.5 ml) at different times solvent as phase mobile.
during and after the end of infusion. Plasma was Due to the simple nature of the plasma matrix,
recovered after centrifugation at 1500 g for 15 min, one-step sample preparation was used contrary to
and samples were stored at 2208C until analysis. tissues or milk matrix in the literature [18–22]. The
Capsular fluid (200 ml) was taken for enrofloxacin sample preparation procedure consisted of a solid-
assay at different times during and after the end of phase extraction easier to use for plasma matrix and
infusion, and samples were stored at 2208C until little volumes of samples were applied on cartridge.
analysis. On the contrary, liquid–liquid extraction was time-

consuming sample preparation, more expansive be-
cause of great solvent volume and such multiple

3. Results and discussion extraction steps cause loss for molecules with low
recoveries for ciprofloxacin [18,20].

Results of validation for pig and rabbit plasma For the SPE step, the C bonded phase, a non-18

were presented. This method was applied for rabbit polar sorbent widely used, was chosen because of an
tissue-cage fluid after having verified the linearity, high retention capacity for both enrofloxacin and
recovery, accuracy and precision (through lack of ciprofloxacin. Others sorbents like phenyl and more
samples). Results of recovery and limits of detection polar phases were not tested because of the good
and quantification were only presented for rabbit results of the Sep-Pak C cartridge, as Brinkmann et18

TCF. al. [19] noticed. This solid-phase sorbent resulted in
improvement recoveries and elimination of interfer-

3.1. Sample preparation and HPLC separation ing substances.
For the choice of the extractant, several solvents

Initially the procedure of Charriere et al. [20] was or mixtures of organic solvents in acidic medium
attempted, utilizing a gradient method with ortho- were tested. Extractions with phosphoric acid alone
phosphoric acid and acetonitrile as phase mobile or a mixture of orthophosphoric acid–triethylamine–
using a conventional C column allowed the sepa- acetonitrile, as in the mobile phase, did not lead to18

ration of enrofloxacin and ciprofloxacin. Moreover, elution of the two compounds. Extraction with
both molecules appeared as separated peaks without acetonitrile–phosphoric acid (1:9, v /v) was not
tailing with triethylamine. It is generally known that effective enough with elution of around 40% of both
quinolone derivatives give severely tailing peaks in molecules, while elution with acetonitrile alone led
reversed-phase chromatography, but this can be to retention of both molecules. So acetonitrile at
reduced by using mobile phases which have a high 100% was used like an washing solvent and led to
ionic strength or high acidity [11]. As a result, a improved drying of the cartridge before the elution.
prepacked Lichrospher RP18 end-capped column The clean-up procedure consisted of a sequence of
protected by a guard column was chosen with a washing in water and acetonitrile, very effective and
mixture of 0.02 M orthophosphoric acid–0.008 M original prior to elution, and led to reduced amounts
triethylamine (1:1, v /v) and acetonitrile as the of contaminants, because lots of molecules are
mobile phase under gradient conditions. This sepa- soluble either in water or in acetonitrile alone, but
ration was simple (UV detection), rapid (observed not enro- and ciprofloxacin.
retention times about 8.9 and 9.7 min for cipro- Severals extractants also studied by Brinkmann et
floxacin and enrofloxacin, respectively), and efficient al. [19]: dichlormethane, methanol and ethanol, were
(resolution between the two compounds of 4.6). In suitable for enrofloxacin (recovery approximately
addition, this method was selective between the 70%) but not for ciprofloxacin (recovery maximum
following quinolones: flumequine, oxolinic acid, 30%). Ethanol acetic acid (1%) as extractant resulted
nalidixic acid, marbofloxacin, norfloxacin, danoflox- also in good recoveries for ciprofloxacin [19]. So,
acin, sarafloxacin and difloxacin; and was not expan- elution of the cartridge with an acidified organic
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solvent was rapidly imposed on us because enroflox-
acin was soluble in organic solvent and ciprofloxacin
was soluble in acid solution. Experimentally, we
have determined the mixture of organic solvent in
acidic medium: 0.1 ml methanol containing 2% of
hydrochloric acid, which resulted in the best re-
coveries (above 90%) for each drug.

Direct injection (without evaporation) of the eluate
allowed us to complete the elution using a greater
volume of water. Moreover, evaporation of the eluate
was time-consuming and not necessary with high
antibiotic concentrations in pharmacokinetic studies,
contrary to screening methods for the determination
of antibiotics in animal tissues [18–20]. The ex-
traction and clean-up procedure, without evaporation,
was rapid and more samples can be analysed simul-
taneously. The extraction procedure was also applied
to small volumes of TCF.

In other developments, the extraction procedure of
enrofloxacin and ciprofloxacin were improved for
complex matrix such broth medium, for example,
used to study the in vitro action of antibiotics against
bacteria. We successfully tested the capacity of other
sorbents such as Sep-Pak tC2 and Diol cartridges,
with recoveries around 100% and little interfering
substances.

Chromatograms obtained after extraction of pig
plasma and rabbit plasma and TCF under the estab-
lished conditions are shown in Figs. 2 and 3. As
shown in this chromatograms, the chromatographic
method is suitable for the complete separation and
quantification of both molecules. The drug-free
sample did not contain substances that would inter-
fere at retention times of the respective analytes.

Fig. 2. Chromatograms of standard solution at 1 mg/ml of3.2. Limit of detection (LOD) and limit of
ciprofloxacin and enrofloxacin (a), drug-free pig plasma (b), pigquantification (LOQ)
plasma spiked with 1 mg/ml of ciprofloxacin and enrofloxacin (c)
and pig plasma from one treated animal after the i.v. administra-

The LOD estimated by measuring the response of tion of 5 mg/kg of enrofloxacin (d).
12 drug-free pig plasma samples was determined to
be 0.019 and 0.021 mg/ml for ciprofloxacin and
enrofloxacin, respectively. The LOD for drug-free
rabbit samples was only determined for enrofloxacin determined to be 0.040 and 0.044 mg/ml for cipro-
and was determined to be 0.010 and 0.050 mg/ml for floxacin and enrofloxacin, respectively. The LOQ
plasma (n58) and TCF (n557), respectively. estimated by the smallest validated concentration

The LOQ for pig plasma estimated by measuring within the limits of precision and accuracy set for the
the response of 12 drug-free pig plasma samples was method was determined to be 0.050 mg/ml for the
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3.3. Assay validation

The calibration standards (0.050 to 10 mg/ml) for
pig plasma gave correlation coefficients of 0.9999
for both drugs and, for spiked plasma over the same
range correlation coefficient were 0.9986 and 0.9979
for enrofloxacin and ciprofloxacin, respectively. In
plasma samples, the peak area ratios of enrofloxacin
and ciprofloxacin varied linearly with concentrations
over the range used. Relationships between observed
concentrations and theoretical concentrations for pig
plasma are shown in Table 1 for enrofloxacin and
ciprofloxacin. The intra-day average slope of the
fitted straight lines, the correlation coefficient and the
mean intercept are presented in these tables. The
results in this Table show that enrofloxacin and
ciprofloxacin are determined with good precision for
both pig and rabbit plasma.

The accuracy, repeatability and reproducibility of
enrofloxacin and ciprofloxacin in pig and rabbit
plasma are shown in Table 2 for the three tested
concentrations representing the entire range of the
calibration curve (low, medium and high concen-
trations). For pig plasma, repeatability of the method
did not exceed 6.4 and 5.0% for enrofloxacin and
ciprofloxacin, respectively; and the reproducibility of
the method did not exceed 8.1 and 10.2% for
enrofloxacin and ciprofloxacin, respectively. For
rabbit plasma, the repeatability of the method did not
exceed 2.6 and 2.0% for enrofloxacin and cipro-
floxacin, respectively; and the reproducibility of the
method did not exceed 3.5 and 3.3% for enrofloxacin
and ciprofloxacin, respectively.

The recoveries obtained for pig plasma were stable
over the range used (0.05–10 mg/ml). They varied
from 84.1 to 99.5% for ciprofloxacin and from 83.4Fig. 3. Chromatograms of drug-free rabbit plasma (a) and TCF
to 98.9% for enrofloxacin. The mean recovery was(b). Chromatograms of rabbit plasma (c) and TCF (d) from one
91.566.3% for ciprofloxacin and 89.665.5% fortreated animal during the i.v. infusion of enrofloxacin.

enrofloxacin. The mean recovery for rabbit samples,
determined for enrofloxacin, was 108.568.9% and
102.566.9% for plasma and TCF, respectively.

both molecules. For the purpose of enrofloxacin
depletion in the pig plasma during a pharmacokinetic 3.4. Pharmacokinetic studies
study, a quantitative limit of 0.050 mg/ml is consid-
ered satisfactory. The LOQ for rabbit samples was The plasma concentration–time profile after a
determined for enrofloxacin to be 0.020 and 0.120 bolus i.v. dose of 5 mg/kg enrofloxacin to a pig is
mg/ml for plasma (n58) and TCF (n557), respec- shown in Fig. 4. The small amounts of ciprofloxacin
tively. below the limit of the quantification were not
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Table 1
aCalibration curves of enrofloxacin and ciprofloxacin for the range concentrations of 0.05–10 mg/ml in standard, spiked pig plasma and

their estimated concentrations corrected by the recovery rate

Enrofloxacin Ciprofloxacin

Standard y5152 280.20x124 791.02 y5168 796.44x116 257.07
Spiked plasma y5138 937.91x21366.76 y5165 256.42x242 249.62
Estimated concentration y51.0148x20.0524 y51.0290x20.0828

br 0.9986 0.9979
a Each curve was constructed based on seven concentration levels. Peak area ( y) was expressed as a linear function of the antibiotic

concentration (x, mg/ml): y5ax1b where a corresponded to slope and b, the intercept.
b r: Coefficient of the linear regression analysis.

represented. The single one above the LOQ at 0.5 h presented in Fig. 5. In rabbits, like in pigs, enroflox-
was corresponded to less than 4% of the total. In acin was very slightly metabolised to ciprofloxacin.
pigs, residues in tissues consisted mainly of enroflox-
acin. Twelve hours after the intravenous administra-
tion, the plasma concentration of enrofloxacin was 4. Conclusions
94.3621.7 ng/ml which corresponded to a rapid
elimination. We have described an HPLC method for analysing

Plasma and TCF concentration–time profiles of both enrofloxacin and ciprofloxacin in little sample
enrofloxacin in four rabbits during and after a 24 h volume of pig plasma and rabbit plasma and TCF.
infusion of enrofloxacin at 1.25 mg/kg per hour are This method is in accordance with guidelines for

Table 2
aRepeatability (CV ), reproducibility (CV ) and accuracy of enrofloxacin and ciprofloxacin from pig and rabbit plasmar R

Enrofloxacin Ciprofloxacin

Pig Rabbit Pig Rabbit

Low concentration
n 10 6 12 6
Measured concentration 0.05560.004 0.05560.002 0.05360.005 0.04960.002
(mean6SD) (mg/ml)
CV (%) 4.4 2.6 5.0 2.0r

CV (%) 7.4 3.5 10.2 3.3R

Accuracy (%) 110.3 110.7 107.1 97.9

Medium concentration
n 11 6 11 6
Measured concentration 0.9960.08 0.9360.02 0.9660.02 0.9960.01
(mean6SD) (mg/ml)
CV (%) 6.4 0.8 2.1 0.6r

CV (%) 8.1 2.1 2.1 1.2R

Accuracy (%) 99.2 92.9 96.0 98.6

High concentration
n 12 6 12 6
Measured concentration 9.5260.17 4.8260.06 9.4260.35 5.1760.06
(mean6SD) (mg/ml)
CV (%) 1.8 0.9 3.7 0.3r

CV (%) 1.8 1.2 3.7 1.1R

Accuracy (%) 95.2 96.4 94.2 103.5
a n: Number of analysis during the study of the precision; coefficient of variation of repeatability (CV ) and reproducibility (CV ).r R
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Fig. 4. Plasma concentration–time profile of enrofloxacin in a pig following a single i.v. 5 mg/kg dose of enrofloxacin.

Fig. 5. Semi-logarithmic plot of mean (6SD, n54) plasma and tissue-cage fluid concentrations of enrofloxacin vs. time (h) in rabbits given
a perfusion dose of enrofloxacin (1.25 mg/kg per hour during 24 h). d, Plasma; s, TCF.



184 J. Manceau et al. / J. Chromatogr. B 726 (1999) 175 –184

[5] K. Flammer, D.P. Aucoin, D.A. Whitt, J. Vet. Pharmacol.validation of analytical methods employed in bio-
Therap. 14 (1991) 359.availability, bioequivalence and pharmacokinetics

[6] D.M. Bamberger, B.L. Herndon, P.R. Suvarna, J. Anti-
studies in man and animals [20]. This method was microb. Chemother. 35 (1995) 623.
simple, specific and reproducible, with a good ac- [7] O. Cars, C. Henning, S.E. Holm, J. Infect. Dis. 13 (1981) 63.
curacy and precision, and allowed for numerous [8] H. Matsui, T. Okuda, Antimicrob. Agents Chemother. 32

(1988) 33.samples to be processed in a short period of time.
[9] M. Rylander, S.R. Norrby, Antimicrob. Agents Chemother.Furthermore, the assay is applicable to phar-

23 (1983) 352.
macokinetic studies of enrofloxacin in both pigs and ¨[10] K. Kung, J.-L. Riond, Res. Vet. Sci. 54 (1993) 247.
rabbits. [11] M. Horie, K. Saito, N. Nose, H. Nakazawa, J. Chromatogr. B

Testing of the suitability of the method for analy- 653 (1994) 69.
¨ ¨ ¨[12] K.-L. Saraste, A. Niemi, S. Pyorala, T. Honkanen-Buzalski,sis the same molecules in plasma of other species or

in: Euroresidue III, Conference on Residues of Veterinaryin other tissues is in progress in our laboratory. The
Drugs in Food, May 1996, Veldhoven, 1996, p. 839, Vol. 2.

method could be successfully applied to monitor [13] A. Rogstad, V. Hormazabal, M. Yndestad, J. Liq. Chroma-
structurally related novel fluoroquinolone antibiotics togr. 14 (1991) 521.
in plasma. This method could be also developed with [14] T.B. Waggoner, M.C. Bowman, J. Assoc. Off. Anal. Chem.

70 (1987) 813.a fluorimetric detector for dosing smaller amounts in
˜[15] A. Anadon, M.R. Martinez-Larranaga, M.J. Diaz, M.L.bacteria during pharmacodynamic studies in a ex-

Fernandez-Cruz, M.C. Fernandez, M.A. Martinez, J. Iturbe,
perimental tissue cage model of infection with in: Euroresidue III, Conference on Residues of Veterinary
rabbits. Drugs in Food, May 1996, Veldhoven, 1996, p. 199, Vol. 1.

[16] M. Lovdahl, J. Steury, H. Russlie, D.M. Canafax, J. Chroma-
togr. 617 (1993) 329.

[17] D.E. Nix, J.M. De Vito, J.J. Schentag, Clin. Chem. 31 (1985)Acknowledgements
684.

[18] J.A. Tarbin, D.J. Tyler, G. Shearer, Food Addit. Contam. 9
The authors thank R. Caplet and S. Marteau for (1992) 345.

¨their participation in this study. This work was [19] B. Brinkmann, N. Haagsma, H. Buning-Pfaue, in:
Euroresidue I, Conference on Residues of Veterinary Drugssupported by a grant from Bayer Pharma Division
in Food, May 1990, Noordwijkerhout, 1990, p. 123.´Sante Animale.

[20] R. Charriere, W. Leiser, R. Dousse, in: Euroresidue II,
Conference on Residues of Veterinary Drugs in Food, May
1993, Veldhoven, 1993, p. 241, Vol. 1.

References [21] K.L. Tyczkowska, R.D. Voyksner, K.L. Anderson, M.G.
Papich, J. Chromatogr. B 658 (1994) 341.

[22] V. Hormazabal, M. Yndestad, J. Liq. Chromatogr. 17 (1994)[1] M. Scheer, Vet. Med. Rev. 2 (1987) 90.
3775.´[2] M. Scheer, in: F. Simon, P. Lees, G. Semjen (Eds.),

[23] M. Horie, K. Saito, N. Nose, H. Nakazawa, J. Food Hyg.Proceedings of the 4th Congress of the European Association
Soc. Japan 36 (1995) 62.for Veterinary Pharmacology and Toxicology, 28 August–2

[24] V.P. Shah, K.K. Midha, S. Dighe, I.J. McGilveray, J.P.September 1988, Budapest, 1988, p. 15.
Skelly, A. Yacobi, T. Layloff, C.T. Viswanathan, C.E. Cook,´[3] R. Bauditz, in: F. Simon, P. Lees, G. Semjen (Eds.),
R.D. McDowall, K.A. Pittman, S. Spector, Pharm. Res. 9Proceedings of the 4th Congress of the European Association
(1992) 588.for Veterinary Pharmacology and Toxicology, 28 August–2

´ ´[25] Directive 85/256/CEE, JO Communautes Europeennes, No.September 1988, Budapest, 1988, p. 21.
L 118, 1993, p. 64.[4] K. Tyczkowska, K.M. Hedeen, D.P. Aucoin, A.L. Aronson,

J. Chromatogr. 493 (1989) 337.


