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Abstract

A capillary electrophoresis (CE) and a reversed phase high-performance liquid chromatography (RP-HPLC) method with UV detection
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ave been developed for florfenicol analysis in plasma samples. The suitabilities of both methods for quantitative determination of
ere approved through validation specification, such as linearity, precision, selectivity, accuracy, limit of detection and quantifica
apillary electrophoresis (CE) and high-performance liquid chromatography (HPLC) assay were compared by analyzing a serie
amples containing florfenicol in different concentrations using the two methods. The extraction procedure is simple and no grad
r derivatization is required. Furthermore, the analysis time of the CE method is two times shorter than the respective paramete
nd solvent consumptions is considerably lower. The calibration curve were linear to at least 0.05–10�g/ml (r = 0.9998) and 0.1–10�g/ml
r = 0.9998) for CE and HPLC, respectively. The separation efficiency are good for both methods. The detection limits for florfen
.015�g/ml with CE and 0.03�g/ml with HPLC and CE method gave lower value, even though UV detector was applied in th
ases. The both methods were selective, robust and reliable quantification of florfenicol and can be useful for clinical and b

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

The more efficient therapeutic application of many drugs
as given rise to a need for reliable, fast and efficient ana-

ytical procedures to measure their serum and plasma levels.
t the beginning of 21st century, high-performance liquid
hromatography (HPLC) with reversed phase and capillary
lectrophoresis (CE) are two of the most frequently used
odern separation techniques. The determination of drugs

n biological fluids in many clinical laboratories are gener-
lly performed by HPLC which is an established technique
ith highly automated instrumentation and with concentra-
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tion sensitivity in the nanomolar range, it is ideal for b
analytical assays. However, many pharmaceutical ana
laboratories have an increasing presence of CE equip
so CE offers a real and attractive alternative to HPLC.
major strength of CE is that the basic separation princ
are different from those of HPLC and other chromatogra
techniques. Likewise, CE in many instances can have dis
advantages over HPLC in terms of simplicity, rapid met
development, and reduced cost of the operation, becau
packed column, pumps and mobile phase gradient are
Many of the common problems associated with HPLC, s
as high pressure, solvent leakage and the high cost of co
may be eliminated. Concentration sensitivity is typically
order of magnitude less than in HPLC, but peak efficien
are much higher. Higher peak efficiencies generally m
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greater resolution in short run times by CE[1,2]. The range
of CE applications in biomedical and pharmaceutical analy-
sis is at least as extensive as that of HPLC. In this paper, we
present the development, validation and comparison of a CE
and an RP-HPLC method for determination of florfenicol in
plasma.

Florfenicol (d-(threo)-1-(methylsulphonylphenyl)2-dich-
loroacetamide-3-fluoro-1-propanol) is a primarily bacterio-
static broad-spectrum antibiotic against many Gram-negative
and Gram-positive bacteria and is used exclusively in vet-
erinary medicine. Florfenicol is a fluorinated derivative
of chloramphenicol and thiamphenicol, which has a fluo-
rine atom instead of the hydroxyl group located at C-3.
Therefore, it does not carry the risk of inducing human
aplastic anemia. Florfenicol was approved in the European
Union for the control of bacterial respiratory tract infec-
tions in cattle and pigs in 1995 and in 2000, respectively
[3]. This drug is characterised by high bioavailability, good
tissue penetration and rapid elimination, which are impor-
tant for systemic treatment of animals in the food production
industry.

The determination of florfenicol in biological fluids
presents several analytical problems. For example, florfeni-
col like the other compounds adsorb UV light insufficiently to
determine at nanogram level. A number of chromatographic
methods have been described for quantitative determination
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2. Experimental

2.1. Reagents

Florfenicol used as the working standard was kindly pro-
vided by Vetos-Farma Factory (Bielawa, Poland). Ephedrine
hydrochloride and lamotrygine (used as internal standard)
were supplied by Farm-Impex (Gliwice, Poland) and Biovena
Pharma (Warsaw, Poland), respectively. Reagents used for the
preparation of samples and mobile phases were ethyl acetate,
ortho-phosphoric acid 85%, sodium hydroxide, hydrochloric
acid by POCh (Gliwice, Poland), and acetonitrile by Merck
(Darmstadt, Germany). Sodium tetraborate decahydrate (pH
9.26; 25 mM) and sodium dihydrogenphosphate (pH 5.73;
25 mM) were purchased from POCh (Gliwice, Poland). The
buffer solutions were prepared according to standard method,
using triple distilled water. All chemicals were of analyti-
cal grade and used as received without further purification.
The working solutions were also prepared in glass volumet-
ric flasks by appropriate dilution just before use and they
were stored in the dark under refrigeration to avoid possible
decomposition.

2.2. Instrumental parameters and conditions

2.2.1. CE technique
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f florfenicol in biological fluids. These include gas ch
atography[4,5] and liquid chromatography–mass sp

rometry[6–9]. More recently, micellar electrokinetic cap
ary chromatographic separation of florfenicol and florfen
mine in pharmaceutical formulations has been reported
odified borate buffer containing sodium dodecyl sulp

10]. However, the use of CE in the determination of florfe
ol in biological matrix has not been reported.

Due to the UV spectral pattern of florfenicol, the detec
imit can be significantly improved at 200 nm region. Unf
unately, within a short UV wavelength range most of
ommonly used organic solvents absorb UV light stron
ence, application of chromatographic methods which
rganic solvents for liquid phases are strongly limited. Ne

heless, most of the HPLC determinations were performe
reversed stationary phase and all utilize UV at 223 or 22
sing liquid–solid extraction have already been publis

11,12]. Many HPLC methods based on single extraction
thyl acetate[13–17]and with acetone[18] have been studie

or quantitative analysis of florfenicol.
On the contrary to HPLC mobile phases, the e

rophoretic buffers usually have a minimal backgroun
hole UV region. This allows the use of capillary electrop

esis techniques with UV detectors operating in 195–215
here many organic analytes including florfenicol have a
ificantly higher adsorption[19].

Accordingly, the aim of our study was to develop a ra
imple and robust quantitative procedure, validate, and
are CE and HPLC assays with UV detection for the d
ination of florfenicol in plasma.
All capillary electrophoresis experiments were carried
n an automated CE system (P/ACE 2100, Beckman, F

on, CA), with UV detection at 200 nm, and thermoregula
t 25.0 (±0.1) ◦C. Data were collected and analyzed
ystem Gold Chromatography Software. The fused-s
eparations capillary had an internal diameter of 75�m, a
otal length of 57 cm and a length from inlet to detecto
0 cm. A voltage of 25 kV was used for separation, w

njection at the positive end (anode) and detection a
egative end (cathode). The samples were loaded with
rgon pressure injection at 3.45 kPa. Each experimen
un duplicate, with acetonitrile as the neutral marker.
apillary was flushed between runs with 0.1 M hydrochl
cid (0.5 min), 0.1 M sodium hydroxide (1 min) and tri
istilled water (1 min). Before injection the capillary w
insed with the running buffer for 1 min. Likewise, befo
nalysis and between each run, the voltage of capillary
re-conditioned in order to give high precision. The mig

ion times were 2.0 and 2.7 min for ephedrine hydrochlo
internal standard) and florfenicol, respectively.

.2.2. HPLC technique
The high-performance liquid chromatographic sys

as purchased from Knauer (Berlin, Germany), and
quipped with a solvent pump Mini-Star K-500, an K-25
V detector. Separation was achieved on RP-18 LiChros
olumn (5�m particle size, 125 mm× 4 mm) from Merck
Darmstadt, Germany) which was placed in column t
ostat jet stream with injection valve, delivered by Kna

Berlin, Germany). The chromatographic data were colle
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and processed with a computer system for data acquisition
(EUROCHROM 2000). Other laboratory equipments used
was temperature controlled centrifuge and instrument for
mechanic shaking of samples.

A LiChrospher-100 column C18, 5�m, 125 mm× 4 mm,
column from Merck was used for the separation of analytes
at 25◦C temperature. As a mobile phase was used a binary
mixture of acetonitrile–water (25:75 v/v) adjusted to pH 2.7
with 85% ortho-phosphoric acid. The flow rate was main-
tained at 1.5 ml/min, and the compound thus was eluted and
recorded with a UV detector set at the wavelength of 224 nm.
Under these conditions the retention times for florfenicol and
the internal standard (lamotrygine) were 3.0 and 5.4 min,
respectively. The total time of single determination including
regeneration of column was 8 min.

2.3. Sample preparation

2.3.1. CE method
To the swine plasma samples (0.5 ml) was added the

internal standard (10�l of the ephedrine hydrochloride at
concentration 1 mg/ml) and 3 ml acetonitrile for deproteini-
sation. Samples were agitated on the rotary mixer, centrifuged
during 5 min at 8000 rpm/min, and the supernatant was evap-
orated to dryness at 50–55◦C under a gentle stream of air.
Subsequently, the samples were extracted with ethyl acetate
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in both methods, based only on single liquid–liquid extrac-
tion.

2.4. Validation and analytical methods

Quantification procedures for both techniques were based
on the internal standard method. Concentration of compo-
nent of interest in biological material was determined by
plotting peak-height ratios (florfenicol/I.S.) versus florfenicol
concentrations (�g/ml). For the within-day and between-day
precision and accuracy, pools of plasma was spiked with flor-
fenicol standard to obtain final concentrations of 0.1, 0.5,
1.0, 2.0, 5.0 and 10.0�g/ml and with a fixed concentra-
tion of internal standard for both techniques. The limit of
quantification was 0.05 and 0.1�g/ml for CE and HPLC,
respectively. Assay validation results obtained from within-
run and between-run experiments for florfenicol analysed by
CE and HPLC are presented inTable 1. Specificity of the
assay was determined on the basis of different plasma sam-
ples. The stability for both methods has been controlled using
the plasma samples containing 0.05, 2.0 and 5.0�g/ml of
florfenicol and stored at a temperature of−20◦C during 2
months.

Both proposed methods for determination of florfenicol
were validated with respect to specificity, linearity range,
limit of detection and quantitation, precision and accuracy.
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3 ml) in the presence of 200�l 0.1 M sodium hydroxide. Th
rganic layers were collected and evaporated under the
onditions. The residue was reconstituted in 2 mM sod
etraborate decahydrate (0.5 ml), centrifuged for 5 mi
000 rpm/min and injected (7 ml) into the CE system.

.3.2. HPLC method
Briefly, the swine frozen plasma was thawed at a temp

ure of 25◦C (room temperature) and 0.5 ml was transfe
ith the use of a pipette into a clean test tube, spiked
0�l of lamotrygine at a concentration of 100�g/ml to obtain
�g/ml of internal standard in sample, and 0.2 ml 1 M sod
ydroxide and 3 ml of ethyl acetate were added. The re

ng mixture was shaked during 10 min and centrifuged
5 min at a 3500 rpm/min. The organic layer was evapor
ntil dried at 50–55◦C in a water bath and supernatant w
edissolved in 200�l of the mobile phase. After centrifug
ion at 10,000 rpm/min during 7 min, 20�l was injected on
he HPLC column.

Standard samples were prepared by spiking blank pl
ith known amounts of florfenicol and used for construc
f calibration curves.

.3.3. Liquid–liquid extraction (LLE)
The proposed sample preparation procedures for CE

PLC methods were optimized to offer the most relia
ffective, and rapid approach for routine analysis as

o permit elimination of time consuming purification ste
ncluding expensive solid-phase extraction (SPE). Pre
ion of biological samples for florfenicol analysis was sim
.4.1. Specificity
As a first step, the specificity of both analytical meth

as confirmed on the basis of different blank and extr
amples (n = 6) from plasma. Typical electropherograms
hromatograms of blank plasma extract (Figs. 1A and 2A)
nd plasma obtained from extract of plasma spiked with
ble florfenicol and internal standard concentration are sh

n Figs. 1B and 2B. No interference was observed in the reg
f interest where the analytes were eluted, as is shown
lank sample electropherogram and chromatogram, w

ndicates that the reported methods are selective. The
ification of florfenicol was performed by characterizing
ample peak in term of the migration or retention times

able 1
ummary of precision and validation data for florfenicol, obtained
PLC and CE calibrations

HPLC CE

inearity range [�g/ml] 0.1–10 0.05–10

ample linearity
Slope 0.18 (±0.001) 0.205 (±0.002)
Intercept 0.005 (±0.005) 0.012 (±0.007)
Correlation coefficient 0.9998 0.9998
Standard error 0.01 0.01
n 6 7
LOD [�g/ml] 0.03 0.015
LOQ [�g/ml] 0.1 0.05
Separation time [min] 8 4
Sample pretreatment Liquid–liquid Liquid–liquid
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Fig. 1. Typical electropherograms of blank swine plasma extract (A)
and plasma spiked with ephedrine hydrochloride(1) (internal standard)
(10�g/ml) and florfenicol (2) (5�g/ml) and (B).

UV spectrum. The separation efficiency is higher with the
CE method, which leads to shorter analysis times.

2.4.2. Linearity
The linearity study verifies that the plasma sample solu-

tions are in a concentration range where analyte response
is linearly proportional to concentration. The calibration
curves were established as dependence of peak-height ratio
(florfenicol/IS) versus florfenicol concentration (�g/ml).
The CE method was shown to be linear over the con-
centration range 0.05–10�g/ml, while the HPLC method
was linear from 0.1 to 10�g/ml. The mean linear regres-
sion equations of standard curves for CE and HPLC were
H/HIS = 0.205 (±0.002)C + 0.012 (±0.007) and H/HIS = 0.18
(±0.001)C − 0.005 (±0.005), respectively, where H/HIS was
peak-height of florfenicol/peak-height of internal standard

Fig. 2. Typical chromatograms of blank swine plasma extract (A) and plasma
spiked with florfenicol (1) (5�g/ml) and lamotrygine, internal standard (2)
(4�g/ml) (B).

andC was the concentration of florfenicol. In brackets were
given standard errors at regression coefficients. These curves
were constructed from six different concentrations. Low
intercept number together with relatively large standard error,
particularly for HPLC, additionally confirms the specificity
of this method. Main validation parameters of the methods
for linearity are shown also inTable 1.

2.4.3. Limit of detection and quantitation
The limit of detection (LOD) was defined as the sample

concentration that allowed for an unambiguous detection of
the corresponding peak signal in six consecutive experiments.
The LODs were determined as the smallest concentration
from which it is possible to deduce the presence of the sub-
stance with reasonable statistical certainty and were about
0.015�g/ml for CE and 0.03�g/ml for HPLC. The limit
of quantitation (LOQ), defined as the lowest concentration
level at which the assay was validated (precisely and accu-
rately with R.S.D. less than 10%), were found to be 0.05
and 0.1�g/ml for CE and HPLC, respectively. The LOD and
LOQ were calculated for the calibration graphs of florfenicol
as three and then times of the baseline noise level for LOD
and LOQ, respectively.

2.4.4. Precision and accuracy
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The precision of both methods was determined by ca
ating the relative standard deviation (R.S.D.) for the repe

easurements. Inter-assay precision data were obt
epeating the same experiment, on the same day and
ame laboratory, by the total analysis of six replicate s
les, each of which were independently prepared acco

o the method procedure. The precision of CE assay, for
ssay variability, ranged from 9.8% for 0.1�g/ml to 3.6% for
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Table 2
Assay validation results obtained from between-run and within-run experiments for florfenicol analysed by CE and HPLC

Nominal concentration
[�g/ml]

Within –run Between-run

Mean concentration [�g/ml] CV [%] Accuracy [%] Mean concentration [�g/ml] CV [%] Accuracy [%]

CE
0.1 0.09 9.8 90.0 0.09 9.8 90.0
0.5 0.51 8.2 102 0.48 9.2 96.0
1.0 1.08 7.2 108 1.09 7.8 108.0
2.0 1.90 6.5 95 1.95 6.3 97.5
5.0 5.12 5.6 102.4 5.10 4.8 102.0

10.0 10.00 3.6 100 10.06 4.5 100.6

HPLC
0.1 0.11 10.0 110 0.12 10.0 120
0.5 0.53 9.2 106 0.52 9.4 104
1.0 1.04 7.8 104 1.03 8.1 103
2.0 1.97 6.6 98.5 1.99 8.9 99.5
5.0 4.92 5.1 98.4 4.97 7.0 99.4

10.0 10.03 3.1 100.3 10.18 5.1 101.8

10�g/ml, while in the case of HPLC, ranged from 10.0 % for
0.1�g/ml to 3.1% for 10.0�g/ml. The intermediate precision
data were obtained by repeating the intra-assay experiment
on a different day with newly prepared samples, buffer solu-
tion for CE, and mobile phase for HPLC, respectively. Good
repeatability and intermediate precision (no more than 10%)
were shown in independent assays performed by two analyst
in different days for both methods (Table 2).

The accuracy of the method was determined by assessing
the agreement between the measured and known concentra-
tion of analysed samples.

2.4.5. Freeze–thaw cycles and recoveries
In both techniques, the effect of freezing and thaw-

ing cycles was studied using plasma samples at three dif-
ferent concentrations (0.5, 2.0, 5.0�g/ml of florfenicol)
measuring three replicates at each level during 2 months.
The results of freeze–thaw stability (reported inTable 3)
indicated that florfenicol is stable in plasma for three
freeze–thaw cycles when frozen at−20◦C and thawed to
room temperature. All the samples were stable at the stored
conditions.

Table 3
Results for processed plasma sample freeze–thaw cycles during 2 months
(n = 3)

P

S

C
0
2
5

H
0
2
5

2.4.6. Recovery
Recovery of florfenicol from plasma samples was stud-

ied at three (of the low, middle and high) concentration
levels with six replicates comparing the detector response
obtained from the analyte added to and extracted from the
plasma to detector response obtained for plasma samples
without extraction procedure, for both methods. Good recov-
eries were observed for florfenicol under investigation at all
spiking levels and average recoveries were complied with the
requirement over 90%. The recoveries obtained in CE method
varied from 91 to 98.8% (R.S.D. 2.6%), whereas in HPLC
were similar from 92.5 to 98.8 % (R.S.D. 2.1%).

3. Results and discussion

The CE and HPLC methods have been developed for
identification and quantitative determination of florfenicol in
plasma. Both methods exhibited satisfying validation results
concerning sensitivity, linear range, detection limit, repro-
ducibility, accuracy and precision. The results were encour-
aging, even there was a slight difference between the levels of
analyte determined by CE and HPLC. InTable 2, the param-
eters of the HPLC and CE method are compared.

3.1. Wavelength

ugs
r ram
l rong
u ni-
c ating
a main
p on-
t ht.
T pre-
f ed on
w ed in
lasma concentration [�g/ml]

piked Initial After I
freeze–thaw
cycle

After II
freeze–thaw
cycle

After III
freeze–thaw
cycle

E method
.5 0.50 0.49 0.48 0.47

2.06 1.94 1.84 1.76
5.03 4.95 4.86 4.73

PLC method
.5 0.51 0.50 0.49 0.48

1.99 1.98 2.01 1.99
5.03 5.02 5.00 4.97
Typical biomedical or pharmacokinetics studies of dr
equire analytical method with detection limit at nanog
evel. Unfortunately, this compound does not have a st
ltraviolet chromophore. Sensitive quantification of florfe
ol can be performed using UV detectors that are oper
t wavelengths region between 190 and 210 nm. The
roblem is that almost all of the HPLC mobile phases c

ain organic liquids, which absorb short wavelength UV lig
herefore, liquid phases composed of pure water are

erred. Fortunately, such as separation systems bas
ater instead organic-water mixtures are commonly us
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electrophoresis. By comparing the sensitivity of both tech-
niques for florfenicol determination, it was observed that CE
is more sensitive than HPLC. It is result of the instrumen-
tal conditions, which are necessary for quantitative analysis
of this compound with maximum sensitivity. For CE opti-
mum wavelength was established for 200 nm and for HPLC
for 224 nm. Mostly, when operating chromatographic and
electrophoretic techniques at the same wavelength, it may be
necessary to use a few times more concentrated samples for
CE to obtain an equivalent LOQ. Notwithstanding, as can be
observed LOQ, the lower value in the range, was lower for CE
than for HPLC in spite of being CE a technique considered
less sensible due to the narrow inner diameter of the capillary
and to the injection of very small volumes. It was related to
the higher precision in the height of the corresponding peak
in CE at lower levels of concentration than in HPLC and it
could be due to the higher peak efficiency in CE that provides
better signal to noise ratio at 200 nm than at 224 nm[20]. Fur-
thermore, CE method allows determination of florfenicol at
about 200 nm, because of water is solvent, and no interfer-
ence peaks of background can be observed. It is impossible
using HPLC method at about 200 nm with organic compo-
nent, where signal of detector could be generated from tested
substance and organic solvent. Nevertheless, both techniques
provide a linear range wide enough for florfenicol determi-
nation.
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ration of florfenicol from plasma peaks was obtained when
mobile phase was composed of acetonitrile-water (25:75 v/v)
adjusted to pH 2.7 with 85% phosphoric acid. Due to that
retention time for florfenicol and lamotrygine were too long
(4.57 and 8.15, respectively) influence of mobile phase was
changed from 1 ml/min to 1.5 ml/min.

3.4. Biomedical application of both methods

It can be stated that both methods are specific, precise
and accurate enough for bioavailability and pharmacokinetic
investigation of florfenicol. Likewise, the proposed methods
can be applicable for quantitative determination of florfenicol
residue in farming animal tissues. These methods are sensi-
tive enough to perform determinations below the maximum
residue limit (MRL) values for this drug and allow estab-
lishing the withdrawal period necessary to avoid any risk for
human health after consuming foodstuffs proceeding from
animals treated with this drug.

4. Conclusions

As a general conclusion the CE method for the determi-
nation of florfenicol in plasma is a interesting alternative tool
to the HPLC method. Both methods allow direct and sen-
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.2. Internal standard

Furthermore, in order to improve the quantitative per
ance of both methods and to ensure acceptable prec
n internal standard (IS) should be used which has m

ion position near to the peak of analyte. The ephed
ydrochloride has been selected for CE analysis as the
ompensate for injection errors and fluctuations of migra
imes, whereas for HPLC was chosen lamotrygine.

.3. Buffer and mobile phase composition

Likewise, one important parameter for CE separatio
he buffer system, particularly the pH applied. The opt
ation of electrophoretic separation and migration tim
nalyte was conducted using number of borate and phos
uffers in the pH range 6–10. The best results were obta
sing a buffer solution composed with sodium tetrabo
ecahydrate solution (25 mM, pH 9.3) and sodium dihy
enphosphate (25 mM, pH 5.7). These separation cond
liminate many of the possible interferences, including
ajority of the endogenous substances and allow for d

ion at 200 nm.
Optimisation of the chromatographic conditions was

ied out with respect to mobile phase composition. Acet
rile was added, because a poor peak symmetry was obs
hen using methanol. Adding 85% orthophosphoric ac

he mobile phase modified the retention time of endoge
lasma peaks to get clear peaks of interest. The best
,

-

itive quantification of florfenicol in biological samples a
ave been shown to have good sensitivity, linearity (cor

ions > 0.999) with relative standard deviation (R.S.D.) va
o more than 10%. Validation parameters for this partic
ituation were adequate for both methods, although lin
ty has resulted slightly better and precision slightly po
or HPLC. Likewise, the separation efficiency is higher w
E methods, which leads to shorter separation time.
escribed procedure in the case of CE as well as HPL
apid and has been successfully applied to bioavaila
nvestigations of florfenicol.

Overall, the applications of both methods in the ana
f dugs are broadly similar and cover areas, such as t
eutic drug monitoring, and pharmacokinetic studies. A
ell known, both methods have some advantages and
rawbacks. However, HPLC is limited by sometimes p
eparation efficiencies, expensive chromatographic colu
nd the consumption of relatively high amounts of che
als. Whereas, one of the major important weak points o
s that sometimes its poor precision and sensitivity, bec
f the low sample injection volume and the short opt
ath-length, when on-line absorption detectors are used.
rtheless, CE can offer benefits in term of quicker me
evelopment, significantly reduced analysis time and op

ng costs. Furthermore, separation efficiency in CE grea
ase that sample volumes are very small. The cost of a
ary and electrolyte required for a specific number of anal
re evidently lower than in HPLC. Conversely, HPLC
ffer performance advantages, such as improved inje
recision and detection sensitivity.
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G. Mart̀ı, Res. Vet. Sci. 66 (1999) 219–222.

[18] V. Hormazabal, I. Steffenak, M. Yndestad, J. Chromatogr. A 724
(1996) 364–366.

[19] J.C. Valette, A.C. Bizet, C. Demesmay, J.L. Rocca, E. Verdon, J.
Chromatogr. A 1049 (2004) 171–181.
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