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Analysis of fluoroquinolones in biological fluids by high-
performance liquid chromatography
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Abstract

High-performance liquid chromatographic methods for the analysis of fluoroquinolones in biological fluids are reviewed.
In particular, sample preparation and handling procedures, chromatographic conditions and detection methods are discussed.
A summary of published high-performance liquid chromatographic assays for individual fluoroquinolones is included.
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1. Introduction ety combined with an aromatic or heteroaromatic
ring (1) (Fig. 1).

The quinolones are synthetic antibiotics, chemical- Since the discovery of norfloxacin (2), extensive
ly related to nalidixic acid, with which they share the research in this area has been carried out. Almost all
same mode of action. These drugs form a group of of the recent clinically useful quinolones bear a
antimicrobial agents with different chemical struc- fluorine atom in the C-6 position of the quinolone,
tures and spectra of activity. The general structure of naphthyridine or benzoaxazine ring system.
quinolone antibacterial agents consists of a 1-sub- Because of the presence of the fluorine atom in the
stituted-1,4-dihydro-4-oxopyridine-3-carboxylic moi- molecules, these antibacterial agents are generally
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spectrum, including anaerobic bacteria, clamydie and
mycoplasma. Other classifications based on phar-
macokinetic or CNS profiles are also being made for
commercial reasons. For example, difloxacin and
fleroxacin are long-acting quinolones, while tema-
floxacin and tosufloxacin are quinolones with fewer
CNS side-effects.

The structure–activity relationships, microbiology
and synthetic chemistry associated with quinolones
up to 1977 has been reviewed [1]. Due to explosive
growth in this field in recent years, several reviewsFig. 1. General structure of quinolones. X5C; R5cyclopropyl,

ethyl, fluoroethyl, methylamino, fluorophenyl group and thiazine on the microbiological and clinical aspects of
or oxazine ring. R95piperazin-1-yl, 4-methylpiperazin-1-yl, 3- quinolones have been published [2–8]. Concise
methylpiperazin-1-yl; R05fluorine atom. reviews of the structure–activity relationship of new

fluroquinolones have also been published [9–12].
described as fluoroquinolones. Pharmaceutical re- Several books on the chemistry, microbiology, phar-
search on the fluoroquinolones has made consider- macology, modes of action and clinical uses of
able progress in expanding their initial indication of quinolones have been published [13], with the bio-
treating urinary tract infection (UTI) to include logical and clinical aspects being emphasized.
systematic infections other than urinary tract in- The target of quinolones in bacteria is DNA
fection. gyrase, a type II topoisomerase. DNA gyrase is an

Several recent derivatives have expanded their essential enzyme which is responsible for negatively
antibacterial spectrum to include activities against supercoiling covalently closed circular DNA and also
anaerobic bacteria. Moreover, the pharmacokinetic in catenation and decantation reactions [14]. The
properties have been improved and adverse re- mechanism of action of the quinolone antibacterial
actions, especially central nervous system (CNS) agents involves the inhibition of DNA gyrase (a
side-effects, reduced as well. The mode of action of bacterial topoisomesare II), resulting in a rapid
these agents is better defined and they are now being bactericidal effect. A discussion on this unique mode
considered by some as the potential drugs of choice of action, will be presented by several authors [15–
for the treatment of a number of bacterial infections. 18].

Attempts have been made to subdivide the Therapeutic drug monitoring of fluoroquinolones
quinolones into various generations based upon is most applicable when the drug in question has a
antibacterial spectrum, potency and pharmacology. narrow therapeutic range, is used chronically, has
To date, no classification has been accepted, al- potentially toxic side effects if overdosed. Both
though terms such as first-, second- and third genera- clinical and molecular studies of the pharmacological
tion have occasionally been used. First generation profiles of a wide variety of fluoroquinolones have
quinolones, e.g. nalidixic acid and oxolinic acid, may demonstrated that a much better correlation exists
refer to agents which lack good anti-Gram positive between the observed clinical effects of a fluoro-
activity and are predominantly used for the treatment quinolone and its plasma concentration than that
of urinary tract infection. observed between the clinical effect and total daily

The second generation quinolones, e.g. norfloxacin drug dosage.
and ciprofloxacin, are those used for the treatment of Numerous techniques have been developed for the
systemic infections as well as for urinary tract analysis of fluoroquinolones in biological fluids and
infection and possess activities against both Gram- pharmaceutical preparations. The analysis of fluoro-
positive and Gram-negative bacteria. quinolones has traditionally been performed using

The third generation quinolones, e.g. temafloxacin, microbiological methods. However, these technique
include those having increased potency against is slow and suffers from poor precision and spe-
Staphylococcus aureus as well as an expanded cificity, since active metabolites and co-administered
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antimicrobial may interfere. Although numerous
chemical and physical techniques have been reported
for the assay of fluoroquinolones, they suffer from a
variety of disadvantages.

High-performance liquid chromatography (HPLC)
in particular has become an important tool for
routine determination of antimicrobial agents in body
fluids [19–23]. The major benefits of HPLC are
specificity, rapidity and sensitivity.

A further advantage from the pharmacokinetic
point of view is its potential for the detection and
quantitation of metabolic degradation products.
Owing to the short time required for HPLC analysis
and its great potential for the separation and de-
tection of antibiotic drugs, many reports have fo-
cused on the techniques for the determination of
various drugs in biological fluids [24–27].

This reviews extensively summarizes the most
HPLC assay designed for the determination in
biological fluids of some fluoroquinolones like nor-
floxacin, ofloxacin, ciprofloxacin, pefloxacin, ami-
floxacin, fleroxacin, difloxacin, lomefloxacin and ru-
floxacin.

2. Norfloxacin

Norfloxacin (2) (MK-366; AM-715) or 1-ethyl-6-
fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolinecarboxylic acid is an antimicrobial agents.
Chemical formulae of norfloxacin (2) and of its three
major metabolites: 7-(3-oxo-1-piperazinyl) (3); 7-
[(2-aminoethyl)amino] (4); 7-[(2-acetylamino-
ethyl)amino] (5) are shown in Fig. 2.

Norfloxacin (2) was the first quinolone antibacter-
ial with a fluorine atom substituted at the C-6
position and a piperazine at the C-7 [28]. It also
represented the first significant increase in antibacter-
ial activity over the previous quinolones with a
spectrum that covered both Gram-positive and Gram-
negative organisms including Pseudomonas aerugin-
osa.

The mode of action, in vitro activity, clinical Fig. 2. Chemical structures of norfloxacin and its metabolites.
efficacy and utility, and the pharmacokinetics and
metabolism of this drug has been reviewed [29].
Several methods for quantitation of norfloxacin (2) with a reversed-phase HPLC column, using an acidic
have been published so far [30–38]. Studying these eluent that consists of methanol or acetonitrile, water
methods I concluded that quantification is possible and an ion-pairing reagent of the tetrabutylam-
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monium type, which reduces retention times of the 0.966. Several other HPLC assays for norfloxacin (2)
protonated quinolones by competing for the available have been described [40–44], most have not incorpo-
adsorption sites of the stationary phase, as described rated an internal standard or have not been evaluated
by Tilly Melin et al. [39]. with specimens from patients on multiple drug

Pauliukonis et al. [30] describes a reversed-phase regimes [30,41,42].
ion-pair HPLC method for the quantitation of nor- The HPLC method of Forchetti et al. [45] for
floxacin (2) in human plasma and urine, using norfloxacin (2) determination in serum, urine or
pipemidic acid as the internal standard. The ability of tissue (either prostate or kidney) did not include an
this method to distinguish intact norfloxacin (2) from internal standard and required a 1 ml sample of
its metabolites was demonstrated. Norfloxacin (2) serum or urine as well as multiple extractions with
was extract from the sample matrix using dichloro- dichloromethane and back extraction with sodium
methane under neutral conditions, followed by back hydroxide before analysis. The chromatographic
extraction into dilute phosphoric acid for chromato- separation was achieved in a Vydac 10 mm anion-
graphic analysis on a reversed-phase column exchange column, connected to an AXGU 10 mm
(mBondapak C ) with a mobile phase consisting of anion-exchange precolumn. The mobile phase used18

methanol, phosphate buffer, and ion-pairing reagent was a mixture of acetonitrile–0.05 M phosphate
(pH53.0). The assay for norfloxacin (2) in plasma buffer (pH57.0). No interference was observed
utilized a fluorescence detector with excitation at 280 during the assay between norfloxacin (2), its major
nm, and emission at 445 nm, while the urine assay metabolite (3), and the endogenous substances in the
used a UV absorbance detector set at 280 nm. clinical samples. Wallis et al. [46] developed a rapid

To assess the presence of norfloxacin conjugates and economical HPLC method for the determination
in the urine of dosed individuals, the effects of urine of norfloxacin (2) in serum using a microparticulate
hydrolysis on drug quantitation were examined. C guard cartridge. Samples (100 ml) containing18

Gutzlel et al. [32] described a method for the N-ethylnorfloxacin as the internal standard were
determination of norfloxacin (2) in human plasma extracted into 1 ml of chloroform. Chromatography
and urine using a solid-phase extraction (Sep–Pak was performed at 308C on a 4033.2 mm I.D. C18

cartridge C ) for sample preparation, followed by guard cartridge (3 mm spherical particles) using a18

HPLC with fluorescence detection. The limit of mobile phase of acetonitrile–0.01 M phosphate
detection for norfloxacin (2) in plasma and urine was buffer (pH52.5)–0.001 M trietylamine. Detection

21 210.02 mg ml and 0.5 mg ml , respectively. was at 279 nm.
`Lagana et al. [40] also developed an HPLC A number of authors have shown that certain

method with fluorescence detection for the analysis fluoroquinolones have a pharmacokinetic interaction
of norfloxacin (2) in human tissues and plasma. The with methylxantines, and non steroidal anti-inflam-
analytical procedure in the tissue pretreatment con- matory agent, due to metabolic inhibition [47,48].
sists of extraction using a Carbopack column. The Davis et al. [49] developed a HPLC method for the
samples were chromatographed on a C reversed- simultaneous assay of fluoroquinolone and theophyl-8

phase column. line in plasma. It involves extraction of plasma with
In this case a mobile phase was a mixture of chloroform–isopropanol prior to chromatography on

acetonitrile–methanol–phosphate buffer (pH52.5). a Spherisorb ODS2 column. Ultraviolet detection is
The limit of detection for norfloxacin (2) was ca. 1 carried out at 280 nm. Carlucci et al. [50] developed

21ng ml . A HPLC method for the determination of a simple HPLC method for the simultaneous de-
norfloxacin (2) concentrations in body fluids was termination of norfloxacin (2) and furprofen a non
developed by Morton et al. [31] and compared with a steroidal anti-inflammatory. Followed dichlorome-
standard bioassay. The assay utilizes a reversed- thane extraction, the solution was chromatographed
phase C column, an internal standard, and fluores- in an anion-exchange column using a mobile phase18

cence detection, with reproducibility studies yielding of 0.01 M phosphate buffer (pH57.0)–acetonitrile.
R.S.D.s ranging from 0.6 to 3.7% for norfloxacin, The calibration curves for the two drugs in plasma

21while correlation coefficient with the bioassay was were linear over the range 0.1–5.0 mg ml for



G. Carlucci / J. Chromatogr. A 812 (1998) 343 –367 347

21norfloxacin and 0.1–3.0 mg ml for furprofen and
the correlation coefficients of the calibration curves
were 0.999 and 0.997, respectively. The lower limit
of the method, defined as three times the level of the

21baseline noise, was 0.05 mg ml for each drug.
Another HPLC method for the simultaneous de-

termination of norfloxacin (2), fenbufen and fel-
binac, in plasma was developed by Katagiri et al.
[51].

3. Ofloxacin

Ofloxacin (6) a new pyridone carboxylic acid
derivative was synthesized by Hayakawa et al.
[52]. Its chemical name is (6)-9-fluoro-2,3-di-
hydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-
7H-pyrido [1,2,3,-de]-1,4-benzoxazine-6-carboxylic
acid (HOE 280, DL-8280) (Fig. 3). Collections of
papers describing the microbiological, pharmacologi-
cal and clinical aspects of ofloxacin (6) have been
published [53–55].

Sudo et al. [56] identified in various animal
species two metabolites as follows: N-demethylated
(7), and DL-8280 N-oxide (8).

Ofloxacin (6) is effective in treating a variety of
acute and chronic infections, including simple and
complicated urinary tract infections, respiratory tract
infections and osteomyelitis [57,58]. Several high-
performance liquid chromatographic methods have
been reported for the analysis of ofloxacin (6) in
biological fluids e.g. serum, plasma, urine, bile,
bronchoalveolar lavage fluid, saliva, skin blisters, Fig. 3. Chemical structure of ofloxacin and its metabolites.

cerebrospinal fluid, scalp hair [59–88].
Some of these methods have utilized UV detection

[60,61,64–66,88], while others have utilized fluores- piperazinyl)-4-oxo-1, 4-dihydroquinoline-3-carboxyl-
cence detection [62,67–71,75,78,79,84,87]. Some of ic acid was used as an internal standard. The eluate
these methods have not included internal standards was monitored fluorimetrically (307 nm excitation
[60,66,88]. Ofloxacin (6) concentrations in plasma and 510 nm emission). The limit of detection for the

21and urine samples were determined by using a HPLC urine and plasma were 9 and 0.5 mg l . Some
method by Le Coguic et al. [70]. Briefly, samples compounds often associated with ofloxacin (6) in
were analyzed by using a C Nova–Pak column (4 therapeutic were tested for interference. The ex-18

mm, 150 mm33.9 mm I.D.) after extraction at pH traction procedure required a small volume of sample
6.8 with dichloromethane. (100–500 ml) and was also simplified compared with

The mobile phase consisted of a mixture of the Notarianni et al. [69] method.
acetonitrile–0.01 M potassium dihydrogenphos- Ofloxacin (6) and the metabolites demethyl-oflox-
phate–triethylamine. The pH was adjusted to 2.8 acin (7) and ofloxacin-N-oxide (8) were determi-
with formic acid. The 1-allyl-6-fluoro-7-(4-methyl-1- nated using a HPLC method by Borner et al. [67].
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The method consists of reversed-phase chromatog- al. [77] developed a method for the HPLC de-
raphy and fluorimetric detection. The stationary termination of (S)-(2)-ofloxacin and its metabolites
phase was Nucleosil 5-C used at room temperature. in serum and urine using a solid-phase cleanup.18

The detector was operated under the following While the quantification of the enantiomers of oflox-
conditions: excitation, 295 nm; emission, 418 nm. acin (6) in biological fluids by HPLC was proposed

21Detection limits of the method were 0.02 mg ml by Lehr et al. [73]. In these report two methods for
21in serum and 0.2 mg ml in urine for ofloxacin (6) the determination of (1)- and (2)-ofloxacin in

and its two metabolites. The mobile phase consisted biological fluids by HPLC are described. The first
of a mixture of 5 mM tetrabutylammonium phos- method is separation on a Resolvosil-BSA-7 (150
phate–acetonitrile adjusted to pH 2.0. For improved mm34 mm I.D.) chiral stationary phase with bovine
separation of the demethylmetabolite, the pH was serum albumin immobilized on silica gel. The mo-
adjusted to 5. bile phase was 0.2 M phosphate buffer (pH 8.0)–

Mizuno et al. [79] described a procedure for propan-2-ol. The second is the coupling of ofloxacin
determination of ofloxacin (6) and other fluoro- to L-leucinamide via diphenylphosphinyl chloride
quinolones in human hair by HPLC and fluorescence activation. Chromatographic separation of the dia-
detection. Briefly, samples were dissolved in 0.5 ml stereoisomeric ofloxacin (6) derivatives was
of 1 M NaOH by heating at 808C for 30 min. The achieved on a 125 mm34.6 mm I.D. column filled
solution was neutralized with 0.1 M HCl and potas- with Nucleosil 120-5 C . The mobile phase was 0.218

sium hydrogen citrate buffer (pH 4.6). The internal M orthophosphoric acid adjusted to pH 1.85 with
standard was added. The mixture was cleaned up on tetraethylammonium hydroxide solution, and ace-
a C cartridge; the elution was effected with a tonitrile (80:20). In 1988, it was reported that8

mixture of tetrahydrofuran (THF)–25 mM ortho- concomitant administration of a quinolone antibac-
phosphoric acid. The eluate was evaporated to terial agent (enoxacin) and non steroidal anti-inflam-
dryness and the residue was reconstituted in 150 ml matoty agent (fenbufen) induced convulsions in
of mobile phase. A 60 ml portion of the solutions several cases. In order to study a pharmacokinetic of
was analyzed on a TSKgel ODS-80Ts column (5 ofloxacin (6), fenbufen and felbinac, an HPLC
mm, 150 mm34.6 mm, I.D.) with acetonitrile–25 method for the simultaneous determination of this
mM orthophosphoric acid adjusted to pH 3 with 0.5 drugs, in plasma was developed by Katagiri et al.
M tetrabutylammonium hydroxide as mobile phase [61].
and detection at 295 nm excitation and 490 nm Fenbufen is known to be a pro-drug, which is
emission. Several papers describe the determination metabolized to an active compound, 4-biphenylacetic
of ofloxacin (6) in body fluids using extraction and acid (felbinac). Briefly, samples were analyzed by
purification steps. However, these involve tedious using a Chemcosorb 5ODS-H (5 mm, 150 mm34.6
extraction procedures and low extraction yields. mm I.D.) column after extraction with dichlorome-

The work of Ohkubo et al. [65] was therefore thane–isoamyl alcohol. The mobile phase consisted
directed towards the determination of ofloxacin (6) of methanol–0.005 M sodium laurylsulphate, and
in biological fluids by direct injection using column- adjusted to pH 2.5 with phosphoric acid. The nalidix-
switching techniques. A combination of a precolumn ic acid was used as an internal standard. The limits
and an analytical column was selected so that of determination of ofloxacin (6), fenbufen and
interfering endogenous substances and the quinolone felbinac by the present method were 0.15, 0.3 and

21derivatives had different interactions with the two 0.45 mg ml , respectively.
columns. The separation of endogenous substances
and the quinolone derivatives was satisfactory using
stationary phase of phenyl on the precolumn and 4. Ciprofloxacin
octadecyl on the analytical column. The mobile
phase consisted of 0.5% sodium acetate (pH 2.5) and Ciprofloxacin (9) is the most potent quinolone
acetonitrile for the two columns. The limit of de- against Gram-negative bacteria. It is particularly

21tection for ofloxacin (6) was 20 ng ml . Okazaki et active against Pseudomonas aeruginosa. Against
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Gram-positive bacteria, ciprofloxacin is less active
than some of the more recently developed quinolones
[89–99,111,114,118,119,122]. Its chemical name is
1-cyclopropyl-6-fluoro-1,4-dihydro- 4-oxo-7- (1-
piperazinyl)-3-quinoline carboxylic acid. The phar-
macokinetics and pharmacodynamics of ciprofloxa-
cin (9), after oral and intravenous administration has
been reviewed by several authors [97–110,
112,113,116, 117,120,121,123, 125,127,129, 138,158,
159,161].

Ciprofloxacin (9) is well absorbed after oral
administration. Approximately 60% of unchanged
ciprofloxacin and 15% of metabolites are recovered
from the urine 24 h after administration. Although
ciprofloxacin (9) is primarily excreted by the kid-
neys, over 40% can be excreted in the bile if the
renal route is not available.

The metabolites of ciprofloxacin (9) are sulfocip-
rofloxacin (10), oxociprofloxacin (11) and de-
sethylene ciprofloxacin (12) and formylciprofloxacin
(13) are shown in Fig. 4. This was confirmed by Joos
et al. [91], against Gram-positive bacteria, cipro-
floxacin (9) is less than some of these showed a good
correlation between a biological assay and HPLC for
ciprofloxacin (9) concentrations in serum, but they
obtained significant differences between these two
methods with drug concentrations in urine.

The results obtained with the bioassay were
markedly higher than the HPLC values, which might
be due to microbiologically active metabolites ex-
creted by the kidney. Because the metabolites are
also supposed to be active in biological assays, it
was necessary to develop a method suitable for
distinguishing between the parent substances and
their metabolites.

Several studies dealing with determination of
ciprofloxacin (9) in blood [112,123,127,137], serum
[91,98,103,105,108–110,112,120,121,124,126,127,
129,131–134,136,139–142,144–147,150,152–156],
plasma [127, 135, 138, 143–145, 148, 151, 152, 157,
162], urine [91,98,108,120,123,126,131,132,134,
137, 139–141, 144–147, 150, 152, 153, 155], feces
[126,145], bone [92], muscle [92], tissue [120,121,
124,130,133,142,145], bile [126,128,130,131,145,
150], saliva [103,125,134,141,150,157] showed no
interference from other biological compounds.

Microbiological assay of ciprofloxacin (9) de-
veloped by several authors [91,97–99,101,102,104, Fig. 4. Structures of ciprofloxacin and its metabolites.
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106, 108, 113, 115, 117, 120, 121, 123–126, 132, 137, specific assay or the measurement of this antibiotic
154], was performed by standard procedures. in human serum, bile and urine, by means of

Comparison of HPLC and bioassay for determi- reversed-phase HPLC. The work-up procedure in-
nation of ciprofloxacin (9) in serum and urine were volves a chemical extraction step followed by iso-
proposed by some authors [91,98,108,117,123,126, cratic chromatography on a reversed-phase Ultra-
132,140,147,154]. sphere analytical column with ultraviolet detection at

A large number of high-performance liquid chro- 254 nm.
matographic methods have been reported for the The assay did not include internal standard. The

21analysis of ciprofloxacin (9) in biological fluids [92, detection limit for serum levels is 10 ng ml .
98,103,105,108,110,112,116,117,123,126–157,160, Briefly, an aliquot of biological fluid (serum, urine or
162–170]. bile) is added to dichloromethane in a glass screw-

Some of these methods have utilized UV detection capped tube. After centrifugation the upper layer is
[125,131–136,141,162,166,167,170], while others discarded, and the organic phase is then back-ex-
have utilized fluorescence detection [109, 123, tracted using phosphoric acid at pH 2.0. Reversed-
128,130,138–140,142–156,160,165]. phase chromatography on a C bonded silica matrix18

Most of these methods have not included internal seemed to us more reproducible. Indeed, the authors
standards [91, 109, 123, 127, 128, 130, 131, 133, 136, carried out various assays with classical mobile
137,139–141,143–145,149,152,154,156,167,168]. phases generally used in reversed-phase HPLC, e.g.

Several methods have included the determination a mixture of water or salt solution with a non-polar
of ciprofloxacin metabolite concentrations [128,134, organic solvent, and every time it resulted in severe
140,141,144–146,150]. A summary of the relevant peak tailing of ciprofloxacin (9), whatever the pH or
information from the analytical methods published of the ionic strength. Finally, using ion-pairing chroma-
ciprofloxacin (9) is contained in Table 1. tography with tetrabutylammonium bromide (TBA),

A simple and precise HPLC procedure has been an excellent resolution of ciprofloxacin (9) was
developed for the determination in biological fluids obtained. The methodology described by Tyczkow-

`of ciprofloxacin (9) by Vallee [132]. As shown in ska et al. [133] involves the determination of cipro-
Fig. 4, free ciprofloxacin (9) has amphotheric prop- floxacin (9) in serum and prostatic tissue. Sample
erties with two ionizable groups. The pK values preparation was simplified by using ultrafiltrationa

have been determined by extraction with 1,2-di- (rather the solvent extraction) and reversed-phase
chloromethane and found to be 6.0 and 8.8. ion-paired chromatography. Detection was achieved

Ciprofloxacin (9), is one of the relatively few using a photodiode array (PDA) detector. The PDA
drugs that exhibit high magnitude of fluorescence detector was used to develop the assay since it
without derivatization, which allows good sensitivity. produce multiple chromatograms allowing the
In this procedure was used a method or quantitation evaluation of chromatographic peak homogeneity.
of ciprofloxacin (9) in serum, saliva and urine The LC separations were performed using a
samples by UV absorption. Separation of ciprofloxa- mobile phase consisting of acetonitrile–methanol–
cin (9) and nalidixic acid (internal standard) was water (15:2:83, v /v /v) containing 3 mM
achieved using UV absorption at 313 nm, and a dodecanesulfonate, 1.5 mM octanesulfonate, 0.4%
reversed-phase Nova–Pak C column. The mobile phosphoric acid (85%, v/v), and 0.4% (v/v) tri-18

phase consisted of phosphate buffer adjusted to pH etylamine. The column was 3 mm, 100 mm34.6 mm
7.4–methanol (65:35, v /v), and 5.5 mM hexa- phenyl Spherisorb. The limit of detection for cipro-

21ndecyltrimethylammonium bromide. floxacin was 2 ng ml . Pou-Clave et al. [136],
Serum sample preparation involved protein pre- developed a simple and rapid method. A Nucleosil

cipitation with acetonitrile, followed by dichlorome- C reversed-phase column (30 mm34.6 mm) was18

thane and 2-propanol extraction. After evaporation, used with a mobile phase of acetonitrile–0.05 M
the sample was reconstituted with a minimal volume KH PO (pH 3.0)–0.1 M TBA. Detection was2 4

of mobile phase. The sensitivity of the assay was accomplished by UV absorption at 277 nm.
210.06 mg ml . Jehl et al. [131] have developed a The total analysis time per sample is of the order
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Table 1
Published HPLC analytical methods for ciprofloxacin

Application Mobile phase Column Detection Internal Detection Ref.

wavelength standard limit

(nm)

21Plasma 0.1 M dibasic ammonium Octadecylsilica (10 mm)- FL 277 ex, Yes 0.05 mg ml [148]

phosphate (pH 2.5)– guard-pak precolum 453 em

nacetonitrile–methanol
21Serum H PO –TBAOH (pH 3.0)– mBondapak FL 254 ex, No 0.05 mg ml [154]3 4

acetonitrile 425 em
21Serum, plasma, 25 mM H PO –(pH 3.0) Spherisorb ODS2 (5 mm) FL 277 ex, No 11 ng ml [152]3 4

Urine TBAOH–acetonitrile 445 em
21Serum, tissue Acetonitrile–methanol–water–3 Spherisorb PDA, No 2 ng ml [133]

mM dodecanesulfonate, 1.5 UV 278.6

mM octanesulfonate, 0.4%
21Serum, urine KH PO 0–TBAOH (pH 3.0) mBondapak C (5 mm) FL 278 ex, Yes 1 ng ml [146]2 4 18

H PO –acetonitrile–methanol 470 em3 4
21Plasma 30 mM phosphate buffer Keystone ODS (5 mm) FL 278 ex, Yes 5 ng ml [151]

(pH 3.0)–20 mM TEA–20 mM 470 em

SDS–acetonitrile
21Serum, urine, Acetonitrile–0.1 M potassium Micro Pak MCH 10 (10 mm), UV 280 No 0.02 mg ml [141]

sputum phosphate buffer (pH 2.5) precolumn Vydac (40 mm) FL 330 ex,

H PO –KOH 440 em3 4

Serum, plasma, bile, TBA–bisulfate–acetonitrile Nucleosil 120-5 C (5 mm) FL 278 ex, No – [145]18

faeces, tissue 445 em
21Serum, urine Acetonitrile–25 mM H PO Nucleosil C (5 mm) FL 278 ex, No 0.01 mg ml [139]3 4 18

(pH 3.0)–TBAOH 445 em
21Serum, urine, bile Acetonitrile–50 mM Ultrasphere C (5 mm) UV 254 No 10 ng ml [131]18

TBABr–H PO (pH 2.0)3 4
21Serum, urine Phosphate buffer mBondapak C (10 mm) FL 270 ex, Yes 0.08 mg ml [153]18

(pH 3.0)–methanol–acetonitrile 440 em
21Serum, saliva Methanol–phosphate buffer Nova–Pak Radial Pak UV 313 Yes 0.06 mg ml [132]

(pH 7.4)–5.5 mM

HDTA Br–NaOH
21|Plasma, saliva Methanol–80 mM KH PO mBondpak C (10 m) UV 268 Yes 0.05 mm ml [157]52 4 18

(pH 2.5)–H PO , 6 mM TBAOH3 4
21Plasma Acetonitrile–methanol–0.1 M mBondapak C (10 mm) FL 270 ex, Yes 0.1 mg ml [138]18

citric acid–ammonium 440 em

perchlorate–TBAOH
21Serum, urine, saliva 0.1 M KH PO (pH 2.6)–H PO Spheri-5 ODS-5A (5mm) UV 280 Yes 0.05 mg ml [134]2 4 3 4

(A)–KH PO –acetonitrile (B)2 4
21Serum, plasma, urine Acetonitrile–25 mM H PO Spherisorb ODS-2 (5 mm) FL 277 ex, No 0.01 mg ml [123]3 4
21(pH 3.0)–TBAOH 445 em 0.05 mg ml

Urine KH PO (pH 3.0)–H PO Spherisorb ODS-2 (5 mm) UV 278 [170]2 4 3 4

(A)–acetonitrile (B)
21Bile H PO –TBAOH (A) mBondapak C (10 mm) FL 278 ex, No 0.5 mg ml [128]3 4 18

acetonitrile (B) 445 em

Plasma, urine Phosphate buffer–acetonitrile– Nova–Pak C (4 mm) FL 278 ex, No [168]18

TBAOH 445 em
21Serum 50 mM KH PO (pH 3.0)– Nucleosil C (3 mm) UV 277 Yes 0.1 mg ml [136]2 4 18

acetonitrile–0.1 M TBABr
21Serum, plasma, urine 20 mM TCA–acetonitrile– PRLP-S FL 277 ex, No 0.05 mg ml [144]

methanol (pH 3.0) 418 em
21Humor aqueous Acetonitrile–methanol–0.4 M Nova–Pak C (4 mm) FL 278 ex, No 250 pg ml [149]18

citric acid 445 em
21Plasma Methanol–0.2 M ammonium Shimpack CLC-DS (5 mm) UV 280 No 52 ng ml [143]

acetate (pH 2.7)

(Continued overleaf)
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Table 1. Continued

Application Mobile phase Column Detection Internal Detection Ref.

wavelength standard limit

(nm)

21Serum, urine 25 mM H PO (pH 3.0)– Spherisorb ODS-2 (5 mm) FL 277 ex, No 0.01 mg ml [137]3 4

TBAOH–acetonitrile 456 em
21Blood, serum, urine 25 mM H PO (pH 3.0)– Spherisorb ODS-2 (5mm) FL 278 ex, No 0.03 mg ml [91]3 4

TBAOH–acetonitrile 456 em
21Serum, bile, saliva, urine Acetonitrine–methanol–50 mM Nucleosil C (5mm) FL 277 ex, Yes 0.01 mg ml [150]18

KH PO –H PO (pH 3.0)– 360 em2 4 3 4

0.1 M TBABr
21Serum Methanol–67 mM phosphate mBondapak C (10 mm) FL 277 ex, No 0.005 mg ml [156]18

buffer (pH 3.5) 445 em
21Serum, urine 5 mM TBA–phosphate (pH 2.0)– Nucleosil 5-C (5 mm) FL 275 ex, No 10 mg l [140]18

21H PO –accetonitrile 418 em 200 mg l3 4
21Serum, urine Acetonitrile–TBAOH–phosphate mBondapak C (10 mm) FL 278 ex, Yes 0.15 mg ml [147]18

buffer (pH 3.0) H PO 456 em3 4
21Serum, urine H PO (pH 3.0)–TBAOH– Brownlee C (5 mm) FL 278 ex, No 20 ng ml [109]3 4 18

methanol 447 em
21Serum, urine, saliva, Phosphate buffer–methanol– Nova–Pak C (4 mm) UV 313 Yes 0.06 mg ml [125]18

blister fluid 5.5 mM HDTA (pH 7.4)
21Serum, urine 2 mM TBAOH (pH 2.5)–H PO – mBondapak C (10 mm) UV 254 Yes 0.25 mg ml [166]3 4 18

methanol–acetonitrile
21Serum, urine Methanol–THF–0.67 M mBondapak C (10 mm) DAD No 0.01 mg ml [155]18

phosphate buffer (pH 3.0)
21Blood, serum, urine Acetonitrile–25 mM phosphate Versapak C (10 mm) FL 274 ex, Yes 0.008 mg ml [169]18

buffer (pH 3.0)–TBAOH 418 em
21Plasma, urine, saliva Methanol–THF–67 mM (pH 3.0) Radial-Pak C (10 mm) FL 277 ex, No 5 ng ml [127]18

445 em
21Plasma Methanol–acetonitrile–0.4 M mBondapak C (4 mm) UV 275 nm Yes 0.05 mg ml [135]18

citric acid
21Blood Acetonitrile–100 mM NaH PO – mBondapak C (10 mm) FL 280 ex, Yes 25 ng ml [165]2 4 18

(pH 3.9) H PO 455 em3 4
21Perfusate, bile Acetonitrile–25 mM phosphate Lichrosorb RP-18 (5mm) FL 270ex, No 100 ng ml [130]

buffer–5 mM TBABr 440 em
21Blood Methanol–5 mM laurylsulfate Chemcosorb 5 ODS-H UV 275 Yes 200 ng ml [162]

(pH 2.5)–H PO3 4
21Urine Acetonitrile–50 mM citric acid– Nucleosil C FL 280ex, Yes 2 mg ml [164]18

1 M ammonium acetate 418 em
21Brain Methanol–5 mM laurylsulfate Wacosil 5 C FL 277ex, Yes 10 ng g [142]18

(pH 2.5)–H PO 445 em3 4

TBAOH5Tetrabutylammnium hydroxide; TBABr5tetrabutylammonium bromide; HDTA5hexadecyltrimethylammonium; FL5fluoresccence detection; ex5excitation wavelength;

em5emission wavelength.

of 5–7 min. Mehta et al. [135], use 5 ml dichlorome- The sensitivity limits for ciprofloxacin, desethylene
thane (containing pipemid acid as internal standard) (12)-ciprofloxacin (9), sulfociprofloxacin (10) and
to extract 0.5 ml of plasma. The organic phase oxociprofloxacin (11) were 0.03, 0.25, 0.25 and 0.25

21containing ciprofloxacin (9) was then back-extracted mg ml , respectively. Tinidazole is used as an
into the acidic 0.5 M phosphoric acid at pH 2.0. The internal standard. Separation of ciprofloxacin (9) and
wavelength of the UV detector was set at 275 nm. its metabolites was achieved at room temperature

Gladys Mack [134] utilized UV absorbance de- using a gradient system.
tection at 280 nm for the measurement of cipro- A HPLC assay has been reported to measure
floxacin (9) and its metabolites in human specimens. simultaneous ciprofloxacin (9) and theophylline in
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plasma or saliva samples by Zhai et al. [157]. This from human serum utilizing reversed-phase HPLC
assay can be used to investigate drug interactions was accomplished by Fashing et al. [154]. The
involving theophylline and this fluoroquinolone. analysis was carried out using a mBondapak C18

Briefly, the biological samples were extracted with column and a mobile phase mixture consisting of
dichloromethane–isopropyl alcohol prior to isocratic acetonitrile–25 mM phosphoric acid and 30 mM
chromatography on a mBondapak C column. Ultra- tetrabutylammonium hydroxide at pH 3.0. Fluores-18

violet detection was carried out at 268 nm. The assay cence detection was achieved using a 254 nm
21is linear for ciprofloxacin (9) (0.05–10 mg ml ), wavelength excitation and a 425 nm wavelength

21and theophylline (0.1–20 mg ml ). The detection emission. Calculations were based on an external
21limit was 0.05 mg ml for ciprofloxacin (9), and 0.1 standard method using peak height ratios. The limit

21 21
mg ml for theophylline. No interference by other of detection was 0.05 mg ml .
methylxantines was noted. Difloxacin was used as An HPLC method for the determination of cipro-
the internal standard. floxacin (9) concentrations in biological fluids has

An assay system based on direct injection of been reported by Gau et al. [152] with claims of
serum and urine samples was developed by Nilsson- simplicity and rapidity of sample treatment. Indeed,
Ehle [139]. diluted serum, plasma and urine samples are injected

Serum samples were injected without any pretreat- onto a Spherisorb ODS II column without prior
ment except addition of an equal volume of distilled extraction or clean-up procedure. Ciprofloxacin (9)
water which facilitated the passage through 0.6 mm was separated from other compounds by an eluent
Millipore filters. Urine samples were diluted depend- consisting of an 0.025 M phosphoric acid solution
ing on the expected concentration of the analite. adjusted to pH 3.0 with tetrabutylammonium hy-

An internal standard is therefore not needed, as droxide and acetonitrile. The limit of detection were
21shown also by the excellent precision of the assay. 11, 11 and 50 ng ml for plasma, serum and urine,

The sensitivity of the assay allows determination of respectively.
21concentrations as low as 0.01 mg ml . A fluorimet- Nix et al. [153] developed an HPLC assay for the

ric detector with an excitation 278 and emission at detection of ciprofloxacin (9) in serum and urine.
445 nm is used. No interference from concurrent Serum samples were prepared by precipitating pro-
administration of furosemide, paracetamol, pred- tein with perchloric acid. Urine samples were diluted
nisolone, warfarin, digoxin and other drugs was 100-fold with mobile phase. The mobile phase
noted. consisting of pH 3.0 phosphate buffer–acetonitrile–

A versatile and sensitive HPLC assay has been methanol. Separations were carried out on a
developed by Shah et al. [138]. Measurements of mBondapak C reversed-phase column. With the use18

plasma ciprofloxacin (9) concentrations were de- of the internal standard, A-56619, quantitation was
21termined by HPLC method with fluorescence de- obtained to less than 0.08 mg ml for serum.

tection. Briefly, after precipitation of the plasma A rapid HPLC assay has been developed by
proteins with a mixture of acetonitrile and perchloric Lovdahl et al. [151] for the detection of ciprofloxacin
acid, the extract was injected onto a mBondapak C (9) in chinchilla middle ear and plasma. Cipro-18

column preceded by a C guard column. floxacin (9) and the internal standard, difloxacin,18

The mobile phase consisted of acetonitrile–metha- were separated on a Hypersil ODS column (100
nol, and 0.1 M citric acid containing 0.54 g am- mm32.1 mm I.D., 5mm) using a mobile phase of 30
monium perchlorate and 0.65 ml of tetrabutylam- mM phosphate buffer (pH 3.0), 20 mM triethyl-
monium hydroxide. A fluorescence detector with an amine, 20 mM sodium dodecylsulphate and acetoni-
excitation wavelength of 270 nm and an emission trile. Fluorimetric detection of ciprofloxacin (9) and
wavelength of 440 nm was used. Abbott compound the internal standard employed excitation at 278 nm
56619 was used as an internal standard. The assay and emission at 456 nm. The detection limit for

21 21was linear over the range of 0.05 to 10 mg ml . ciprofloxacin (9) was 5 ng ml .
Other HPLC assays have been reported. Ciprofloxacin (9) concentration was measured in

The separation and isolation of ciprofloxacin (9) serum and urine by HPLC by Drusano et al. [167].
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The serum assay used protein precipitation, reversed- The assay consists of reversed-phase HPLC and
phase HPLC, and fluorimetric detection. fluorescence detection. For the liquid matrices the

The urine assay used sample dilution followed by only sample preparation that is required is dilution.
direct injection. Quinine was used as an internal For the metabolites (10, 11 and 13) an additional
standard. A C mBondapak reversed-phase column post-column derivatization by successive thermolysis18

was used for the assay. The mobile phase consisted and photolysis is needed. The mobile phase consisted
of methanol–tetrahydrofuran, and phosphate buffer of a mixture of acetonitrile and tetrabutylammonium
(pH 3.0). The column was heated to 508C. The bisulfate. The external standard method was em-

21sensitivities of the assays were at least 0.01 mg ml . ployed.
A rapid liquid chromatographic assay of cipro- Separation were carried out on Nucleosil 120-5

floxacin (9) in human aqueous humor after direct C , 5 mm (250 mm34 mm I.D.). Detection limits18
21injection was described by Basci et al. [149]. Briefly, for all compounds are between 0.2 and 2.2 ng ml .

to a glass-capped tube, 50 ml of aqueous humor Krol et al. [144] developed an improved HPLC assay
sample, 350 ml of distilled water and pipemidic acid for the detection of ciprofloxacin (9) and cipro-
as an internal standard were added. 20 ml of solution floxacin metabolites in body fluids.
were used for HPLC analysis. The previously published HPLC procedure by the

The separation was performed on a Nova–Pak C same authors described the isocratic separation of18

cartridge (100 mm38 mm I.D., particle size 4 mm) ciprofloxacin (9) and three ciprofloxacin metabolites
compressed in a Radial–Pak holder in conjunction in urine sample on a polystyrene–divinylbenzene
with a precolumn module containing a Nova–Pak column followed by quantitation using a UV de-
C insert. The mobile phase consisted of methanol– tection. The present procedure involved the same18

acetonitrile–0.4 M citric acid. Fluorescent detector chromatographic separation, but it was also applic-
excitation wavelength was set at 278 nm and emis- able to the analysis of plasma and serum as well as
sion wavelength at 450 nm, respectively. urine samples, and quantitation was based on

21The detection limit was 250 pg ml for cipro- fluorimetric detection after post-column induction of
floxacin (9). An one-step extraction procedures are fluorescence instead of UV detection.
used for the determination of ciprofloxacin (9) and The post-column induction of fluorescence was
7-ethylenediamine metabolite in human serum and necessary because the (10) and (11) metabolites of
urine by Awni et al. [146]. Samples were analyzed ciprofloxacin (9) have relatively weak native fluores-
by using a C mBondapak reversed-phase column cence, and induction enhanced the fluorimetric sig-18

after extraction at pH 7.4 with dichloromethane. nals of metabolites (10) and (11) forty-four-fold and
After evaporation of the organic layer, samples were eleven-fold, respectively. The lower quantitation
reconstituted with mobile phase. limits of ciprofloxacin (9) and metabolites were 0.05

21 21 21The mobile phase consisted of methanol, acetoni- mg ml , 0.01 mg ml , 0.05 mg ml , and 0.5
21trile, tetrabutylammonium hydroxide in 0.02 M mg ml , respectively.

potassium dihydrogenphosphate, adjusted with phos-
phoric acid to pH 3.0. Difloxacin was used as an
internal standard. Fluorescence detection was
achieved using a 278 nm wavelength excitation and a 5. Pefloxacin
420 nm wavelength emission. Ciprofloxacin (9)

21concentration as low as 1 ng ml in serum of urine, Pefloxacin (14) (1589 RB, EU-5306) which has
were easily measurable using the method described. the formula 1-ethyl-6-fluoro-1,4-dihydro-7-(4-methyl-

A sensitive and selective determination of pico- 1-piperazinyl)-4-oxo-3-quinolinecarboxylic acid (14)
gram amounts of ciprofloxacin (9) and its metabo- (Fig. 5) is a piperazinyl substituted quinolone deriva-
lites (10, 11, 12, and 13) in urine, serum, plasma, tive being developed by Rhone–Poulenc for oral and
bile, faeces and tissue using HPLC and photothermal parenteral use.
post-column derivatization was developed by Scholl In man, pefloxacin is metabolized into N-de-
et al. [145]. methylpefloxacin (2) and N-oxide derivatives (15)
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N-demethyl derivative (2) presents the same in-vitro
activity as pefloxacin whereas the N-oxide derivative
not have antibacterial activity.

Lacarelle et al. [172] developed an enzyme-linked
immunosorbent assay (ELISA) that permits direct
determination of pefloxacin in human serum and
validated this new assay by comparing results mea-
sured by high-performance liquid chromatography
with those obtained with this new immunoassay
technique.

Few methods are available for the quantification of
pefloxacin in biological fluids. These include mi-
crobiological assays [173] and HPLC assays [174–
177]. Some of these methods are time-consuming
and involve tedious extraction steps.

Concentrations of pefloxacin (14), norfloxacin (2)
and pefloxacin N-oxide (15) were analyzed by HPLC
with spectrofluorimetric detection by Montay et al.
[172].

This reversed-phase HPLC method was reported
for quantitating pefloxacin and its main active metab-
olites in plasma and urine using UV absorption at
270 nm. In this author’s experience, the method has
also been applied to plasma and urine from humans
with good results. Chromatography equipment was a
Varian Model 5020 equipped with a Pye–Unicam
LC–UV detector.

A reversed-phase LiChrosob RP-18 column was
used. The mobile phase consisted of a mixture of
water and acetonitrile containing 0.4% of Na HPO2 4

and 0.2% of tetrabutylammonium iodide. Adjusted to
pH 9.4 with 1% TEA. Two solvents were prepared:
solvent A was only distilled water; solvent B was an
acetonitrile–water (2:3, v /v) mixture. The mobile
phase was 52% of solvent A plus 48% of solvent B
for pefloxacin assay; for pefloxacin, norfloxacin and
oxonorfloxacin assay a gradient of B was used
starting from 20% of B and rising at rate of 2.5% per
min for 10 min. The reversed-phase HPLC method

Fig. 5. Chemical structure of pefloxacin and its metabolites. of Xu et al. [178] utilizes a simple and efficient
methanol extraction of heparin-treated plasma. No

and also into oxopefloxacin (16) and oxonorfloxacin internal standard is used.
(17), pefloxacine glycuronide is not found in human Other authors reported an HPLC method for
bile or urine [171]. various fluorquinolones, however, the resolution

Urine is the major route of elimination in man and between pefloxacin and its metabolites was lacking
unchanged compound and norfloxacin, pefloxacine [176]. Abanmi et al. [179] described a simple, rapid
N-oxide (15), oxonorfloxacin (17), and oxopeflox- and isocratic HPLC assay for the determination of
acin (16) represent 58.9% of the oral dose. The pefloxacin and its main active metabolite, norflox-
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acin, in serum. Briefly, this method involves protein
precipitation with acetonitrile and use of the fluores-
cent properties of pefloxacin and its metabolites,
which enhanced the sensitivity limits significantly, to

2150 ng ml , for both compounds.
Samples were analyzed by using a Nova–Pak C18

cartridge (Radial–Pak; 100 mm38 mm, average
particle size 4 mm). The mobile phase consisted of a
mixture of acetonitrile in buffer solution. The
acebutolol was used as an internal standard. The
effluent was monitored at excitation and emission
wavelengths of 330 and 440 nm, respectively.

In 1986, it was reported that several patients had
severe chronic convulsions during therapy with
quinolones and fenbufen and it is reasonable to
assume that, simultaneously administered, fenbufen
enhanced the neurotoxic potency of quinolones via
some pharmacodynamic interaction in the brain
[180].

The interest in this group of drugs has prompted
us to develop a simple and sensitive assay method
for both these substances in human plasma, which
could be applied to pharmacokinetic studies by
Carlucci et al. [181].

6. Amifloxacin

Amifloxacin (17) (WIN 49375) is a synthetic
antibacterial agent of the quinolone class [182]. It is
similar in chemical structure to pefloxacin but differs
by containing a methylamino, rather than an ethyl,
substituent at the 1-N position. Fig. 6. Structures of amifloxacin and its metabolites.

Its chemical name is 6-fluoro-1,4-dihydro-1-
(methylamino)-7 -(4-methyl-1 -piperazinyl)-4 -oxo-3-
quinolinecarboxylic acid. Its chemical structure is route, with 50% effective doses within two- to
shown in Fig. 6. threefold of those obtained with parenteral medica-

Amifloxacin (17) is less active against Gram- tion [185]. An analytical method by HPLC for the
positive cocci than against Gram-negative bacteria quantitation of amifloxacin in plasma and urine has
[183]. Amifloxacin (17) was generally less active been developed by McCoy et al. [186]. Briefly,
than cefotaxime but more active than gentamicin. samples were analyzed by using a mBondapak
WIN 49375, the major piperazinyl-N-desmethyl me- phenyl Corasil precolumn and a mBondapak phenyl
tabolite (18) of amifloxacin (17), was as effective as Corasil column.
the parent drug against experimental infections in The method involves extraction with chloroform,
mice when given parenterally. When administered back-extraction into 0.1 M sodium hydroxide, and
orally, however, this metabolite was less potent than subsequent analysis with UV detection at 280 nm.
amifloxacin (17) [184]. The rosoxacin was used as an internal standard. The

Amifloxacin (17) was highly active by the oral mobile phase consisted of a mixture of 0.05 M
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sodium chloride and 3 mM tetrabutyl ammonium (22) have been shown to be the main metabolic
phosphate adjusted to pH 2.3 with phosphoric acid pathways in humans [190,191].
and acetonitrile. The limit of detection where 0.032 Several HPLC methods have been reported for the

21 21
mg ml for plasma and 2.7 mg ml for urine, analysis of fleroxacin (20) and its main metabolite in
respectively. biological fluids [194–201]. Of the few methods

The automated determination of amifloxacin (17) published for fleroxacin assay [193,194,201], one
and two of its principal metabolites in human plasma requires a gradient elution and takes about 35 min
and urine by column-switching HPLC is described per run [201], another involves a high flow-rate (3

21by Crawmer et al. [187]. Plasma or urine samples, ml min ), which is likely to shorten column life
diluted 1:1 with 0.5 M sodium citrate buffer pH 2.5, [193].

21were directly injected onto a Bondapak CX Corasil, All three have detection limits of ca. 100 mg l .
37–50 mm particle size, 50 mm32 mm I.D., cation- Brunt et al. [199] use fluorescence detection for the
exchange pre-column. Following a 2.0 min wash of quantitation of fleroxacin (20) in erythrocyte. The

21the pre-column with a flow-rate of 1.1 ml min , the purpose of this study was to investigate the red blood
effluent from the pre-column was directed to the
analytical column (Nova–Pak C 4 mm Radial–Pak18

cartridge) by a column switching device.
The pre-column for the analytical column con-

sisted of Bondapak C Corasil (37–50 mm particle18

size, 23 mm33.9 mm I.D.). Linear response were
21observed in the range 0.10–5.0 mg ml for plasma

21and 0.50–100 mg ml for urine for all three com-
pounds. The minimum quantifiable levels were 0.10

21and 0.50 mg ml for piperazinyl-N-demethyl (18)
and piperazinyl-N-oxide (19) metabolites in plasma
and urine samples obtained from humans.

7. Fleroxacin

Fleroxacin (20) (AM-833; Ro 23-6240), a tri-
fluorinated quinolone, has a potent and broad in vitro
activity against Gram-positive and Gram-negative
bacteria and also exhibits significant in vivo activity
against various experimental infections after oral
administration [188–190].

Pharmacokinetic studies in healthy volunteers
revealed that fleroxacin (20) is metabolized to a
small extend and is characterized pharmacokinetical-
ly by a long elimination half-life and high con-
centration in plasma [191–193]. This drug was
principally excreted into urine by humans [191–
194].

The chemical name of fleroxacin (20) is 6,8-
difluoro-1-(2-fluoroethyl)-1,4-dihydro-7-(4-methyl-
1-piperazinyl)-4-oxo-3-quinolinecarboxylic acid.
Structures of fleroxacin (20) and its metabolites are
shows in Fig. 7. Demethylation (21) and N-oxidation Fig. 7. Structures of fleroxacin and its metabolites.
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cell partition coefficient of fleroxacin (20) and to TSK ODS 120T, 5 mm (250 mm34.6 mm I.D.)
compare that of another fluroquinolones. connected to a precolumn.

The fluorescence response at 470 nm (281 nm The internal standard used for the plasma assay
excitation) is linear for fleroxacin (20) concentrations could not be used for the urine assay owing to the

21up to 0.2 mg ml , and the sensitivity of the method presence of an endogenous peak in some patients’
21is 0.1 mg ml . urines. Pipemidic acid was therefore used for the

Awni et al. [195] use pipemidic acid as an internal urine assay. The mobile phase consisted of a mixture
standard. Sample cleanup prior to chromatographic of 10 mM hydrogensufate–50 mM potassium di-
analysis is accomplished by extraction the drug from hydrogenphosphate–methanol. The pH of the final
basic-buffered serum with a mixture of ethyl ace- eluent was brought to 2.6 with 40% phosphoric acid.

21tate–isopropanol. Fluorimetric detection of flerox- The limit of detection was ca. 1 ng ml for flerox-
21acin (20) employed excitation at 290 nm and fluores- acin (20), and 10 ng ml for both the metabolites.

cence at 470 nm. Standard curves were linear from
2120 to at least 10000 mg l for serum and urine. The

detection limit of the method was estimated to be 5 8. Difloxacin
21

mg l for both serum and urine. No assay interfer-
ences have been observed with other drug with the Difloxacin (23) (A-56619) is a new aryl-fluoro-
analysis for fleroxacin (20) in human serum or urine. quinolone synthesized by Chu et al. [202]. Its

A quantitative reversed-phase HPLC method for chemical name is 6-fluoro-1-(4-fluorophenyl)-1,4-
the determination of fleroxacin (20) and its metabo- dihydro- 7 -(4-methyl- 1 -piperazinyl)- 4 -oxo-3-quino-
lites in plasma and urine is described by Dell et al. linecarboxylic acid (Fig. 8).
[196]. Fleroxacin (20) was metabolized, and the Difloxacin (23) is 2–4-fold less active than nor-
assay was capable of measuring levels as low as floxacin (2) against enteric bacteria and Pseudo-

2110–20 ng ml of the metabolites using a fluorimet- monas aeruginosa [203,204] and 2-fold more active
ric detector after separation on an octadecyl re- than norfloxacin against Gram-positive cocci. Diflox-
versed-phase column with a flow-rate of 0.8 acin (23) has exceptional efficacy in experimental

21ml min . infections [205,206]. Difloxacin (23) was also no-
The fluorescence detector was operated at excita- table in its efficacy against intracellular pathogens in

tion and emission wavelengths of 290 nm and 450 experimental infections such as L. pneumophila and
nm, respectively. The mobile phase consisted of 5 Salmonella typhimurium [207].
mM tetrabutylammonium hydrogensulfate and In animals, difloxacin (23) was well absorbed after
methanol. Pipemid acid an analog of fleroxacin (20), oral administration and was extensively metabolized,
is used as internal standard. primarily by glucuronidation and by oxidation to the

The method for simultaneous determination of N-oxide (25) and N-demethyl (24) analogues [208].
fleroxacin (20) and its N-demethyl (21) and N-oxide Bioassays have been developed for difloxacin (23),
(22) metabolites in plasma and urine by HPLC has however, they are considered inferior to HPLC
been reported by Heizmann et al. [200]. procedures, particularly when precision, sensitivity,

Briefly, sample cleanup prior to chromatographic and specificity are of primary importance (e.g.
analysis is accomplished by extraction of the drugs pharmacokinetic or metabolic studies).
with acetonitrile. The supernatant was evaporated By using HPLC, the metabolism and phar-
under nitrogen. The dry residue was reconstituted in macokinetics of difloxacin (23) were characterized in
the mobile phase. The quinolone derivative of flerox- humans after single oral doses of 200, 400 and 600
acin (20) was used as an internal standard for plasma mg by Granneman et al. [209,210]. The samples
samples. were assayed by HPLC with an Adsorbosphere HS

Fluorimetric detection of fleroxacin (20), N-de- C analytical column (25034.6 mm I.D., 7 mm18

methyl (21) and N-oxide (22) metabolites employed particle size).
excitation at 290 nm and fluorescence at 450 nm. Fluorimetric detection of difloxacin (23) and its
Samples were analyzed by using a reversed-phase metabolites employed excitation at 280 nm and



G. Carlucci / J. Chromatogr. A 812 (1998) 343 –367 359

an Amicon Centrifree apparatus before chromatog-
raphy.

For analysis of urine, the phosphate concentration
of the mobile phase was increased to approximately
0.08 M, and the pH was increased to 5.3. With this
procedure, recoveries of difloxacin (23) was greater

21than 98%. The limit of quantitation was 10 ng ml .
Ping et al. [211] developed a method for the

determination of difloxacin (23) in plasma using a
HPLC column-switching technique. Briefly, an auto-
matic cleanup and concentration method by column
switching is described for assay of difloxacin in
plasma. The system uses YWG-C short precolumn18

for on-line cleanup and concentration and a Shim-
pack CLC-ODS analytical column for separation.
The mobile phase consisted of 0.2% acetic acid is
used for pretreatment, while a mixture of 0.2 M
ammonium acetate–methanol was used for analytical
mobile phase. The plasma samples were treated with
trichloroacetic acid and ultrasonicated prior to inject
in the precolumn. The quantitation is achieved by
monitoring the UV absorbance of the eluate at 280

21nm. The lower limit of detection is 192 ng ml .

9. Lomefloxacin

Lomefloxacin (26) (NY-198; SC-47111) is a
difluorinated quinolone antimicrobial agent with a
piperazinyl group on the quinolone ring which has
been demonstrated to have a broad antibacterial
spectrum in vitro and in vivo, with activity similar to
that of other fluoroquinolones [212,213]. The in vitro
activity of lomefloxacin (26) is equal to or 2-fold
less than that of ofloxacin (6) and temafloxacin
against Gram- positive bacteria and 2 to 4-fold less
than that of ofloxacin (6) against staphylococci and
streptococci [214–216].

Its chemical name is 1-ethyl-6,8-difluoro-1,4-
dihydro- 7 -(3-methyl- 1 -piperazinyl)- 4 -oxo-3-quino-
linecarboxylic acid. Its formula is shown in Fig. 9. InFig. 8. Chemical structures of difloxacin and its metabolites.
healthy volunteers, dose-dependent pharmacokinetics
was seen after oral administration of 100, 200, 300,

emission at 389 nm. For plasma analysis, the mobile 400 or 500 mg of lomefloxacin (26) Morrison et al.
phase (pH 2.7) contained 0.05 M phosphate, 0.2% [217]. The concentrations of lomefloxacin (26) in
sodium dodecyl sulfate, and 50% acetonitrile. The plasma and urine were determined by a sensitive and
quinolone derivative of difloxacin was used as an specific HPLC assay.
internal standard. The mixture were ultrafiltered with Briefly, following extraction into chloroform–iso-
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(26) in biological fluids e.g. serum, plasma, urine,
erythrocyte [220–225].

Some of these methods have utilized UV detection
[220–223], while others have utilized fluorescence
detection [217,218,224,225]. Two of this methods
have not included internal standards [218,224]. A
method has been developed by Carlucci et al. [225]
for the simultaneous determination of lomefloxacin
(26), febufen and felbinac in human plasma.

A stereospecific HPLC assay of lomefloxacin (26)
in human plasma was developed by Foster et al.

Fig. 9. Chemical structure of lomefloxacin. [225]. Following addition of racemic acebutolol
(internal standard), plasma samples were extracted at
pH 7.0 with a mixture of chloroform–isopentyl

amyl alcohol (19:1, v /v) at pH 7.0 and evaporation, alcohol–diethyl ether.
the residue was dissolved in a mobile phase The organic layer was evaporated, and lomeflox-
(acetonitrile–0.05 M citric acid, 1.0 M ammonium acin and internal standard enantiomers in the re-
acetate) and analyzed on a reversed-phase Nucleosil sulting residue were derivatized with chloroform
C column (250 mm34.6 mm I.D.) with fluores- solutions of 1% triethylamine and 1% (S)-(1)-(1-18

cence detection (excitation, 280 nm; emission, 455 naphthyl)ethyl isocyanate, followed by 2% ethyl-
nm). chloroformate one min later. Ethanolamine was

The assay precision ranged between 2.91 and added 30 s after the addition of ethylchloroformate.
11.7% at the concentration tested. The plasma assay The enantiomers were separate as diastereomers

21sensitivity was 0.010 mg ml , and the urine assay on an Radial Pak (100 mm38) normal-phase column
21sensitivity was 0.100 mg ml . using a mobile phase of hexane–chloroform–metha-

Comparison of HPLC and microbiological assay nol. The I.S. was detected by fluorescence at 245 and
for the determination of lomefloxacin (26) in bio- 420 nm (excitation and emission, respectively) dur-
logical fluids was developed by Shibl et al. [219]. ing the first 12 min, after which time the wave-

Lomefloxacin (26) concentrations in plasma and lengths were 280 and 470 nm for detection of
in urine samples were determined by HPLC. Briefly, lomefloxacin (26). The method was sensitive and

21samples were analyzed by using a mBondapak C showed excellent linearity (10–1000 ng ml ) be-18

Radial–Pak Cartridge with Z-Module column after tween added enantiomer concentrations and the
extraction at pH 7.0 with chloroform. The mobile peak-area ratio lomefloxacin-internal standard.
phase consisted of a mixture prepared by mixing 230
ml, acetonitrile with 800 ml buffer (prepared by
dissolving 2 g sodium acetate trihydrate, 2 g citric
acid monohydrate, and 1 ml triethylamine in 1 liter 10. Rufloxacin
distilled water). The mixture was adjusted to pH 4.8.
The fluoroquinolone derivative of lomefloxacin (26) Rufloxacin (27) (MF 934) is a pyridoben-
was used as an internal standard. The eluate was zothiazine derivative with a fluorine atom and a
monitored fluorimetrically (280 nm excitation and methylpiperazine ring synthesized by Cecchetti et al.
430 nm emission). The limit of detection was 0.1 [226].

21
mg ml for both plasma and urine. The chemical name of rufloxacin (27) is 9-fluoro-

In the microbiological assay, E. coli ATCC 1346 10-(4-methyl-1-piperazinyl)-7-oxo-2,3-dihydro-7H-
was the test organism using an agar diffusion pyrido[1,2,3 -de] - [1,4] -benzothiazine -6 -carboxylic
technique. Good agreement was seen between the acid (Fig. 10).
results of the two methods. Other HPLC methods This drug has been shown to possess marked in
have been reported for the analysis of lomefloxacin vivo activity against Gram-negative and Gram-posi-
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pH 7.4. The evaporated extract was dissolved in
mobile phase. The mobile phase consisted of a
mixture of methanol–tetrabutylammonium iodide
and 0.04 M phosphoric acid. Drugs were resolved on
a 10 mm Viosfer LC–RP-18 column (250 mm34.6
mm, I.D.) equipped with a guard column. The eluate
was monitored at 295 nm. The detection limit of

21rufloxacin (27) was 0.05 mg ml for human serum
21and 0.03 mg ml for urine.

Other HPLC assays: Lombardi et al. [241], Vree et
al. [242], Segre et al. [243], Carlucci et al. [240]. The
separation and isolation of rufloxacin (27) from
plasma and urine utilizing reversed-phase HPLC was
accomplished by Segre et al. [243] The analysis was
carried out using an isocratic elution technique.

Plasma samples after addition of deacetyldiazepam
solution as an internal standard were extracted with
chloroform. The organic phase was evaporated to
dryness and then reconstituted with methanol. Sepa-
ration was performed on a Nucleosil C column.18

The quantitation is achieved by monitoring the UV
absorbance of the eluate at 245 nm. The same
procedure was followed for urine samples.

An HPLC analysis was developed for the mea-
surement of rufloxacin (27) and two of its possible
metabolites N-demethylrufloxacin (28) and N-de-
methyloxorufloxacin (29) in plasma and urine sam-
ples by Vree et al. [242]. Plasma samples were
deproteinized with 0.33 M perchloric acid and
centrifuged, and aliquots of 20 ml of the supernatant

Fig. 10. Structures of rufloxacin and its metabolites.
was injected onto the column. The column was a
CpSpher 5ODS 5 mm (250 mm34.6 mm, I. D.) with

tive bacteria [227,228]. Pharmacokinetic studies with a guard column (10 mm particle size, 75 mm32.1
both healthy subjects [229–232] and patients with mm, I. D.) packed with pellicular reversed-phase.
lower respiratory tract infections [233,234] showed The analysis was carried out using a ternary HPLC
that rufloxacin (27) is eliminated slowly, with a pump in a gradient elution technique.
plasma half-life of about 35 h. Urine samples were diluted 10 times with distilled

The drug penetrates well into most tissue water and 20 ml was injected onto the column. A
[232,235], and because of its long half-life, it can be method has been developed by Lombardi et al. [241]
administered once daily for the treatment of urinary for the detection and analysis of rufloxacin (27) and
[236] and respiratory [237] tract infections. its main active metabolite in plasma, urine and bile.

Many HPLC methods for the determination ruflox- A 500 ml volume of plasma sample was pipetted into
acin (27) in biological fluids have been reported a 1.5 ml microtest-tube and 25 ml of the internal
[238–246]. A simple, specific, and sensitive HPLC standard (pipemidic acid) and 50 ml of 70% per-
method has been developed for routine monitoring in chloric acid were added. After vortex-mixing,
human serum and urine by Carlucci et al. [238]. sonicating and centrifuging, the supernatant was
Briefly, serum or urine spiked with internal standard transferred to an autosampler vial. Urine samples
pipemidic acid, were mixed with dichloromethane at were diluted with water. This was transferred to an
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autosampler vial and 10 ml were injected for analysis (27) and fenbufen in plasma is described by Carlucci
while for bile a 500 ml volume of each sample was et al. [247]. Briefly, samples were analyzed by using
pipetted into a 1.5 ml microtest-tube and the tubes a Zorbax SAX column after extraction with a
were centrifuged. The supernatant was filtered mixture of dichloromethane–diethyl ether. The mo-
through a 0.2 mm filter, transferred to an autosampler bile phase consisted of a mixture of acetonitrile-and
vial and aliquot of 5 ml was injected. 0.1 M phosphate buffer (pH 7.0). An antiinflammat-

For the determination of rufloxacin (27) and N- ory analog of fenbufen was used as an internal
21demethyl metabolite (28) in plasma and urine when standard. The limit of detection was 0.1 mg ml for

21is required, a structurally related internal standard rufloxacin (27) 0.3 mg ml for fenbufen and 0.1
21was used. For bile and urine, the use of an internal mg ml for felbinac, respectively.

standard was not required as rufloxacin (27) and
N-demethyl metabolite (28) are completely recov-

21ered. The limit of detection was 10 ng ml for both 11. Conclusion
rufloxacin (27) and N-desmethyl metabolite (28) in
plasma, urine and bile. The fluoroquinolones are potent synthetic agents

The separation and isolation of rufloxacin (27) in active against a variety of bacterial species. HPLC
serum and urine utilizing anion-exchange HPLC was has proven to be widely applicable to the determi-
accomplished by Carlucci et al. [240]. The analysis nation of fluoroquinolones in body fluids. Workable
was carried out using a mixture of acetonitrile–0.05 HPLC methods have been reported for all but a few
M phosphate buffer (pH 7.0). The column eluate was clinically important fluoroquinolones. HPLC deter-
monitored at 296 nm. The ofloxacin (6) was used as minations are sensitive, selective, reproducible,
an internal standard. The detection limits for serum accurate and convenient. The particular advantage of

21and urine were 0.1 and 0.05 mg ml , respectively. HPLC relative to the other widely available tech-
A number of authors have shown that certain niques for fluoroquinolones determinations is its

quinolones have a pharmacokinetic interaction with chemical specificity. Isocratic reversed-phase HPLC
theophylline, owing to a metabolic inhibition with seemed the preferable approach for several fluoro-
variation of the total clearance of theophylline from quinolones.
43 to 75%, depending upon the dose. Addition of tetrabutylammonium phosphate or

A HPLC method for the simultaneous quantifica- another amine appeared essential in order to avoid
tion of theophylline and rufloxacin (27) in plasma, tailing. Stationary phases with a high degree of
which utilizes a small sample volume in order to use end-capping, such as Nucleosil C 5 mm were18

it routinely in clinical practice for therapeutic drug preferred. Methylpiperazine quinolones were difficult
monitoring has been developed by Carlucci et al. to separate from their demethyl metabolites by
[244]. Liquid–liquid extraction was used for the reversed-phase HPLC. But ion chromatography re-
sample preparation. Fenbufen is one of the non versed-phase combined with a RP precolumn pro-
steroidal antiinflammatory, antipyretic and analgesic duced a different elution pattern with complete
agents that belongs to the group of propionic acid separation of ofloxacin (6) and fleroxacin (20) from
derivative; it has been frequently used because of its their N-oxide and demethyl metabolite. With fluores-
relative low gastric toxicity. This drug is readily cence detectors, separation from endogenous com-
transformed in its metabolite bifenylacetate, felbinac. pounds was generally good.

All the quinolones inhibit the g-aminobutyric acid Several other drugs produce fluorescent peaks, and
(GABA) receptors binding to the synaptic mem- need checking for possible interference under the
branes in a dose dependent manner [246]. It was individual chromatographic conditions used. Most
reported that some quinolones induced severe con- methods allow the simultaneous detection of some
vulsions. Fenbufen, but more so its metabolite metabolites similar in polarity to the parent drug.
felbinac, showed a marked intensification of this For other metabolites, N-sulfociprofloxacin (10),
neurotoxic effect. A quantitative anion-exchange and oxociprofloxacin (11), separate chromatographic
HPLC method for the determination of rufloxacin runs with modified mobile phase were warranted.
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The separation of ofloxacin enantiomers is achiev- authors [91,98]. In conclusion, HPLC has been
able by derivatization or by use a column containing proven in many laboratories to be an effective tool
bovine serum albumin bound to silica. The intrinsic for therapeutic monitoring of fluoroquinolones. Due
fluorescence of the quinolones makes them good to the inherent power of HPLC and the impact of
candidates for fluorescence detection. better methods and equipment as detailed above, the

Fluorescence detection was highly sensitive and role of HPLC in the therapeutic monitoring of
specific, and also gave good precision and a wide fluoroquinolones may be expected to increase during
range of linear detector response, it is obligatory if the coming years.
only small sample volumes are available and for
clinical specimens where interferences are likely to
be present. Although in most studies apparent re-
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