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Received 12 September 2005; received in revised form 13 December 2005; accepted 13 December 2005
Available online 19 January 2006

bstract

The high sensitivity that can be attained using an enzymatic system and mediated by catechol has been verified by on-line interfacing of a rotating
iosensor and continuous-flow/stopped-flow/continuous-flow processing. Horseradish peroxidase, HRP, [EC 1.11.1.7], immobilized on a rotating
isk, in the presence of hydrogen peroxide catalyzed the oxidation of catechol, whose back electrochemical reduction was detected on glassy
arbon electrode surface at −200 mV. Thus, when ciprofloxacin (CF) or norfloxacin (NF) was added to the solution, these piperazine-containing
ompounds participate in Michael addition reactions with catechol to form the corresponding aminoquinone derivative, decreasing the peak current

btained in proportion with the increase of its concentration. CF was used as the model piperazine-containing compound for the study. The influence
f indicator composition on the nature of the analytical response has been assessed through examining the electrochemical properties of three
erivatives. Interference by electroactive species (ascorbate, urate, and tyrosine) and other physiological constituents (cysteine, glutathione) has
lso been assessed.

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

Ciprofloxacin (CF) [1-cyclopropyl-6-fluoro-1,4-dihydro-
-oxo-7-(piperazinyl)quinolone-3-carboxylic acid] and nor-
oxacin (NF) [1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7(piperazin-
-yl)quinoline-3-carboxylic acid], belongs to the quinolones
hich are synthetic antibiotics, chemically related to nalidixic

cid. These drugs form a group of antimicrobial agents with
ifferent chemical structures and spectra of activity.

Almost all of the recent clinically useful quinolones bear a
uorine atom in the C-6 position and thus, these antibacterial
gents are called fluoroquinolones. These quinolones are effec-
ives against gram-positive and gram-negative bacteria through
nhibition of their NAD gyrase, a critical enzyme to bacte-

ial chromosome replication (Marians and Hiasa, 1997; Drlica,
999). It is used in a wide range of gastrointestinal, urinary and
espiratory tract infections; ocular and skin infections as well as

∗ Corresponding author. Tel.: +54 2652 42 5385; fax: +54 2652 43 0224.
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n patients with intraabdominal infections in combination with
ntianaerobic agents (Davis et al., 1996; Solomkin et al., 1996)
ecently, CF significance as effective drug in Bacillus anthracis
nfection treatment essentially increased, because of bacterio-
ogical (anthrax) terrorists’ attack threats.

The widespread use of these compounds and the need for
linical and pharmacological study require fast and sensitive
nalytical methods for determination of its presence in biological
uids. Various techniques, including HPLC, spectrophotometry,
pectrofluorimetry and voltammetry, have been proposed for the
etermination of CF and NF (O’Dea et al., 1990, 1991; Nix et
l., 1985; Kamberi et al., 1998; Delepine et al., 1998; Zhang et
l., 1996; Rose et al., 1998; Ballesteros et al., 2003; Schmitt-
opplin et al., 1999; Corti et al., 1994; Ghoneim et al., 2001).

To the best of our knowledge, no study involving an enzy-
atic biosensor behavior for CF and NF has been reported.
hus, in this paper, we present and discuss for the first time the

lectrochemical and enzymatic reaction for CF and NF deter-
ination, resulting in a single, fast and inexpensive analytical
ethod as well as very sensitive devise based on HRP-rotating

iosensor systems. The measuring principle of this biosen-
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Scheme 1. Schematic representations of the reduction wave of the enzymatic
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rocess between catechol (Q), o-benzoquinone (P), hydrogen peroxide (H2O2),
iprofloxacin (CF), and horseradish peroxidase (HRP).

or is shown in Scheme 1. Horseradish peroxidase (HRP) in
he presence of H2O2 catalyses the oxidation of catechol (Q)
Ruan and Li, 2001) whose electrochemical reduction back was
btained at peak potential of 70 mV (see below). However, when
iperazine-containing compound is added to the solution, it
eadily reacts with quinone derivative (P), through the Michael
ddition, decreasing the peak current obtained in proportion with
he increase in concentration of the compound containing piper-
zine.

The initial reaction in the sequence (Q�P) is well estab-
ished (Cooksey et al., 1992; Picklo et al., 1999; Deng and Van
erkel, 1999) with NMR, pulse radiolysis (Cooksey et al., 1992)
nd a number of electrochemical techniques (Picklo et al., 1999;
eng and Van Berkel, 1999) used to probe the mechanism. A

ubstantial body of research has also been compiled which docu-
ents the possible physiological consequences of such reactions

Shen et al., 1996; Montine et al., 1997). The potential analytical
tility offered by the second step (1) as a method of detecting
F and NF is explored in this paper.

. Experimental

.1. Reagents and solutions

All reagents used, were of analytical reagent grade. The
nzyme horseradish peroxidase, HRP [EC 1.11.1.7] Grade
I, was purchased from Sigma Chemical Co., St. Louis. The
oncentration of HRP was determined spectrophotometrically

sing the Soret extinction coefficient of 102 mM−1 cm−1 at
03 nm (181 IU mg−1). Glutaraldehyde (25% aqueous solution)
nd hydrogen peroxide were purchased from Merck, Darm-
tadt. 3-Aminopropyl-modified controlled-pore glass, 1400 Å

I
9
(

ioelectronics 22 (2006) 109–115

ean pore diameter and 24 m2 mg−1 surface area, was pur-
hased from Electro-Nucleonics (Fairfield, NJ) and contained
8.2 �mol g−1 of amino groups. Catechol (0.1 M) was pur-
hased from Sigma Chemical Co., St. Louis and generally
sed within 1 h. Ciprofloxacin and norfloxacin stock standard
olutions (0.3 mM) were prepared with exact measurements of
iprofloxacin hydrochloride and norfloxacine (generously sup-
lied by NORTHIA Laboratory, Argentina) dissolved in 0.02 N
aOH. This solution was stable for at least 1 week if stored

way from the light, at 4 ◦C. Working solutions were prepared
y appropriate dilutions with 0.10 M phosphate buffer (pH 7.00).
ll other reagents employed were of analytical grade and used
ithout further purification. All solutions were prepared with
ltra-high-quality water obtained from a Barnstead Easy pure
F compact ultra-pure water system, and the samples were
iluted to the desired concentrations using a 10 ml Metrohm
485 burette. Preparation of the serum standards: 0.1 ml of fresh
orking solution was used to spike 0.9 ml of blank serum. The

oncentrations of the serum standards (STD) ranged between
.02 and 15 �M ciprofloxacin base. Quality control (QC) sam-
les in serum had the following concentrations: 0.04 �M (QC1);
.11 �M (QC2); 7.77 �M (QC3) ciprofloxacin.

.2. Flow-through sensor/detector unit

The main body of the cell was made of Plexiglas. The
esign of the flow-through chamber containing the rotating
nzyme biosensor and the detector system was described pre-
iously (Salinas et al., 2005). Glassy carbon electrode (GCE)
s on the top of the rotating biosensor. The rotating biosen-
or is a disk of Teflon in which a miniature magnetic stirring
ar (Teflon-coated Micro Stir bar from Markson Science Inc.,
hoenix, AZ) has been embedded. Typically, a sensor disk car-
ies 1.4 mg of controlled-pore glass on its surface. Rotation
f the lower sensor was initiated by a laboratory magnetic
tirrer (Metrohm E649 from Metrohm AG Herisau, Switzer-
and) and controlled with a variable transformer with an out-
ut between 0 and 250 V and maximum amperage of 7.5 A
Waritrans, Argentina). Amperometric detection was performed
sing a BAS LC-4C potentiostat and BAS 100 B/W (Elec-
rochemical Analyzer, Bioanalytical System, West Lafayette,
N) was used to voltammetric determinations. The potential
pplied to the GCE for the functional group detection was
200 mV versus Ag/AgCl, 3.0 M NaCl reference electrode
AS RE-6, and a Pt wire counter electrode. At this potential,
catalytic current was well established. As described previ-

usly (Salinas et al., 2005), a pump (Gilson Minipuls 3 Peri-
taltic Pump, Gilson Electronics Inc., Middleton, WI) was used
or pumping, sample introduction, and stopping of the flow.
he pump tubing was Tygon (Fisher AccuRated, 1.0 mm i.d.,
isher Scientific Co., Pittsburgh, PA) and the remaining tub-

ng used was Teflon, 1.00 mM i.d. from Cole-Parmer (Chicago,
L).
All pH measurements were made with an Orion Expandable
on Analyzer (Orion Research Inc., Cambridge, MA) Model EA
40, which was equipped with a glass combination electrode
Orion Research Inc., Cambridge, MA).
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Fig. 1. Cyclic voltammograms of 1 mM Q: (a) in the absence; (b) in the presence
of 0.58 mM CF; (c) 0.44 mM CF in the absence of Q, at glassy carbon electrode
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.3. Horseradish peroxidase immobilization

The rotating disk biosensor (bottom part) was prepared by
mmobilizing HRP on 3-aminopropyl-modified controlled-pore
lass (APCPG). The APCPG, smoothly spread on one side of a
ouble-coated tape affixed to the disk surface, and was allowed
o react with an aqueous solution of 5% (w/w) glutaraldehyde at
H 10.00 (0.20 M carbonate) for 2 h at room temperature. After
ashed with purified water and 0.10 M phosphate buffer of pH
.00, the enzyme (10.0 mg of enzyme preparation in 0.50 ml
f 0.10 M phosphate buffer, pH 7.00) was coupled with residual
ldehyde groups in phosphate buffer (0.10 M, pH 7.00) overnight
t 5 ◦C. The immobilized enzyme preparation was then washed
ith phosphate buffer (pH 7.00) and stored in the same buffer

t 4 ◦C between uses. The immobilized HRP preparations were
erfectly stable throughout at least 1 month of daily use.

.4. Validation

The specificity of the method was verified using six different
erum blanks obtained from healthy human volunteers who did
ot take before ciprofloxacin.

To establish the lower limit of quantification in a single val-
dation batch five replicates of QC sample with 0.02 �M CF
nd NF were analyzed. On each of five different days, a single
C sample (0.02 �M) was analyzed against daily calibration

inter-day assay).
The intra- and inter-day precision CV (%) and accuracy bias

%) of the assay procedure were determined by the analysis of
ve samples at each lower, medium and higher QC concentration

n the same day and one sample at each QC concentration in five
ifferent days, respectively.

The absolute recoveries at each concentration were measured
y comparing the response of the pre-treated serum standards
QC) with the response of standards diluted with water in the
ame proportion as the pre-treated standards.

.5. Clinical application and in-study validation

The validated method was successfully applied in a bioe-
uivalence study of two dosage forms-tablets containing 500 mg
iprofloxacin. The collecting times were 0:00, 0:52, 0:75, 1:00,
:23, 1:50, 2:00, 2:50, 3:00, 4:00, 6:00, 8:00, 12:00, and 24:00 h
fter oral administration. The accuracy and precision of the val-
dated method was monitored to ensure that it continued to
erform satisfactorily during analysis of volunteer samples. To
chieve this objective, a number of QC samples prepared in
uplicate at three levels of concentration were analyzed in each
ssay.

. Results and discussion

.1. Electrooxidation of catechol in the absence and

resence of ciprofloxacin

Ciprofloxacin (belonging to the second-generation fluoro-
uinolone) is the most potent fluoroquinolone against gram-

f
i

n

3 mm diameter) in aqueous solution containing 0.1 M phosphate buffer (pH
.00). Scan rate: 100 mV s−1; T: 25 ± 1 ◦C.

ositive and gram-negative bacteria (Goodman-Hilman et al.,
996). Therefore, CF was used as the model compound.

Cyclic voltammetry of a 1 mM solution of catechol (Q) in
n aqueous solution containing 0.10 M phosphate buffer pH 7.0
s supporting electrolyte, shows one anodic (A1) and a corre-
ponding cathodic peak (C1), both of which correspond to the
ransformation of Q to o-benzoquinone and vice versa within a
uasi-reversible two-electron process (Fig. 1, curve a). A peak
urrent ratio (IC1

p /IA1
p ) of near unity, particularly during the

epetitive recycling of potential, can be considered as a crite-
ion for the stability of o-quinone produced at the surface of
he electrode under the experimental conditions. In other words,
ll hydroxylation (Papouchado et al., 1968, 1972; Young et al.,
974; Brun and Rosset, 1974) or dimerization (Stum and Suslov,
979; Ryan et al., 1980) reactions are too slow to be observed on
he time-scale of cyclic voltammetry. The oxidation of Q in the
resence of CF as a nucleophile was also studied. Fig. 1 (curve
) shows the cyclic voltammogram obtained for a 1 mM solu-
ion of Q in the presence of 0.58 mM CF. The voltammogram
xhibits an anodic peak at 542 mV versus Ag/AgCl 3 M NaCl,
hile the cathodic counterpart of the anodic peak A1 tends to
isappear.

The influence of increasing CF concentration on the electro-
hemical behavior of Q was also investigated and subsequent
esponses are shown in Fig. 2. The height of the oxidation peak
as found to decrease with increasing additions of CF resulting

n the loss of the corresponding reduction peak consistent with
he EC type mechanism proposed in Scheme 1. The successive
ecrease in the height of the Q oxidation and reduction peaks
an be maybe linked to the fact that increasing concentration of
F serve to scavenge the oxidized form of Q such that on the
orward and reverse sweep there is little available to participate
n the electrochemical reaction.

Given that the direct oxidation of CF at the electrode does
ot occur within the potential window studied (Fig. 1, curve c),
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Fig. 2. Typical voltammograms of 1.0 mM Q at a glassy carbon electrode (3 mm
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Table 2
Influence of pH on the magnitude of the oxidation signal for 1.00 mM Q in the
presence of several CF concentrations

CF added (�M) �I (�A) ± S.D.

pH 4.00 pH 5.00 pH 6.00 pH 7.00

0 0 0 0 0
20 3.13 ± 0.01 5.59 ± 0.01 8.50 ± 0.01 10.85 ± 0.01
40 5.27 ± 0.02 11.44 ± 0.02 16.73 ± 0.02 21.67 ± 0.02
60 8.01 ± 0.01 16.96 ± 0.02 24.99 ± 0.02 32.03 ± 0.03
80 9.73 ± 0.01 21.46 ± 0.03 32.79 ± 0.02 41.19 ± 0.02

100 11.82 ± 0.02 26.23 ± 0.02 39.42 ± 0.03 48.43 ± 0.03
120 13.88 ± 0.02 30.39 ± 0.03 44.56 ± 0.03 55.03 ± 0.04
1
1

o
h
w
f

3

w
o
o
s
w
t
o
�

r
C
d
T
l
p
a
t
c
e
o

iameter) in aqueous solution containing 0.1 M phosphate buffer (pH 7.00) at
arious CF concentrations, CCF: (a) 0.0 mM; (b) 0.18 mM; (c) 0.34 mM; (d)
.58 mM. Scan rate: 100 mV s−1; T: 25 ± 1 ◦C.

he decrease in the magnitude of the Q oxidation peak can be
ttributed solely to the CF–Q adduct formation.

.2. Redox indicator selection

The enzymatic generated reaction clearly represents a sen-
itive and selective method for the determination of secondary
mines but the true strength of the protocol lies in the generic
ature of the indicating process. This was highlighted through
he examination of a further three derivatives of varying chem-
cal functionality. The compounds investigated are shown in
able 1 along with a summary of their electrochemical prop-
rties. While the chemical composition has been varied, each
erivative retained the capacity for electrochemical conversion
o a quinoid intermediate and hence was generally amenable
o reaction with piperazine derivatives. Changing the chemical
omposition of the parent indicator species can alter the elec-
rochemical properties of the system and hence the nature of
he resulting analytical signal. As can be seen from this table,
he chemical reaction between CF and quinone derivative from

-tert-butylcatechol is sufficiently slow to be observed on the
ime-scale of cyclic voltammetry. This fact could be envisaged
ue the increased steric bulk of the tert-butyl moiety prevents
he CF addition within the time-scale of the experiment. By the

able 1
lectrochemical detection of CF and NF via HRP-rotating biosensor with redox
o-substrate: analytical parameters

ompounds
nvestigated

Eox (V) CF and NF

Sensitivity
(�A mol−1)

Range (�M) DL (nM)a

ydroquinone 0.324 2.38 0.10–60 1.4
atechol 0.480 0.52 0.02–65 0.3
-tert-Butylcatechol 0.227 No reaction No reaction No reaction

a 95% confidence interval; n = 6.

p
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40 15.58 ± 0.03 33.13 ± 0.03 48.37 ± 0.03 60.49 ± 0.03
60 17.30 ± 0.03 35.55 ± 0.03 51.48 ± 0.03 64.72 ± 0.04

ther way, there is a notable decrease in the sensitivity of the
ydroquinone system when compared to the response obtained
ith catechol; therefore, the last one is the selected compound

or this work.

.3. Effect of pH and H2O2 concentration

The influence of pH on the peak potential (Ep) of the reaction
as assessed through examining the electrode response to CF–Q
btained in solutions buffered between pH 4 and 8. The position
f the redox couple was found to be dependent upon pH with a
hift of 61 mV pH−1, indicative of n-electron n-proton behavior
ith n likely to be 2 (Albery, 1975). A quantitative evaluation of

he Q change peak current (�I) response to increasing additions
f CF as a function of solution pH is highlighted in Table 2. The
I reported hereafter is the difference between the reduction cur-

ent (from addition of Q) and the current due to the addition of
F (from addition of Q + CF). The subsequent response was that
ecreased steadily as the acidity of the solution was increased.
his can be attributed to the fact that as the pH of the solution was

owered, the piperazine functionality increasing protonated (CF,
Ka ∼8.24) and hence the nucleophilic character of the piper-
zine moiety diminished. Increasing the pH clearly improves
he response but an operational limit is reached once neutral
onditions prevail. Alkaline solution severely compromises the
nzyme stability as well as the response of increased presence
f nucleophilic hydroxyl ions complete with the less prevalent
iperazine compound. Therefore, the pH value used was 7.00 in
.1 M phosphate buffer in concordance with the steadier pH of
he enzyme.

The effect of H2O2 concentration may be observed easily
arying H2O2 concentration from 2.5 × 10−5 to 5.0 × 10−3 M,
or 20 �M Q solutions and several concentrations of HRP, whilst
aintaining a constant Q concentration (Salinas et al., 2005).
t low H2O2 concentration, 0.025 mM, a lineal relation can
nly be seen when the enzymes concentrations are low, los-
ng this linearity as the enzymatic concentration increases. This
hange occurs because the H2O2 concentration is insufficient to

enerate maximum catalytic activity. With 0.1 mM H2O2 con-
entration, a perfect linearity within the concentration range
tudied is obtained. With 0.5 mM H2O2 concentration, the lin-
arity is lost to low concentrations. This is due to the fact the
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Table 3
Intra- and inter-day precision and accuracy (n = 5)

Intra-day Inter-day

cnominal (�M) 0.15 3.11 7.77 0.15 3.11 7.77
Mean cfound (�M) 0.16 3.08 7.69 0.16 3.10 7.72
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RP is inactivated in excess of H2O2. At higher H2O2 con-
entration, such as 5 mM, inhibition by conversion of the initial
nzyme by H2O2 into E3 is observed throughout the entire HRP
oncentration range studied. In this case linearity is observed
ut the catalytic current obtained is less significant than in the
ptimal case.

.4. Effect of biosensor rotation and
ontinuous-flow/stopped-flow operation

The implementation of continuous-flow/stopped-flow pro-
ramming and the location of two facing independent biosensors
Fig. 1), permits: (a) utilization of relatively low enzyme load-
ng conditions; (b) instantaneous operation under high initial
ate conditions; (c) easy detection of accumulated products; (d)
eduction of apparent Michaelis–Menten constant, K′

M. There-
ore, a more complete reagent homogenization is achieved,
ecause the cell works as a mixing chamber by facilitating the
rrival of substrate at the active sites and the release of products
rom the same sites. The net result is high values of current. The
ain advantages of this system are its simplicity, and the ease
ith which it can be applied to the determination of CF at low

evels.
As observed earlier (Torriero et al., 2003), if the sensor is

evoid of rotation, there is practically no response. If a rota-
ion of 900 rpm is imposed on the sensor located at the bottom
f the cell (with immobilized HRP), the signal is dramati-
ally enlarged. The trend indicates that, up to velocities of
bout 900 rpm, a decrease in the thickness of the stagnant layer
mproves mass transfer to and from the immobilized enzyme
ctive sites. Beyond 900 rpm, the current is constant, and chem-
cal kinetics controls the overall process. Therefore, a rotation
elocity of 900 rpm was used.

.5. Effect of cell volume and sample size

Depending on the volume of the cell in contact with the sen-
ors, the overall process becomes controlled by diffusion (large
olumes) or by the chemical kinetics of the enzyme-catalyzed
eactions (small volumes). The cell volume was changed from
50 �l to 1 ml by removing the O-rings between the upper
nd lower half of the cell. The measured current, as expected,
ecreased linearly with an increase in cell volume, due to the
ilution effect favored by rotation, and the fact that the mea-
ured current is directly proportional to bulk concentration. The
mallest cell volume of 150 �l was adopted for further studies.

The measured current increased lineally with sample size up
o 150 �l in a cell with a volume of 150 �l. For convenience a
ample size of 150 �l was used. Sensitivity is almost tripled in
he range between 50 and 150 �l.

.6. CF measurement with HRP-rotating biosensor
The working potential was selected using the same cyclic
oltammogram showed before (Fig. 1a) for the couple Q/P at a
CE in phosphate buffer. For potentials values below −200 mV,

he cathodic current became independent of the applied poten-

c
o
f
a

V (%) 0.6 1.3 1.5 0.8 1.4 2.7
ias (%) 6.67 0.96 1.02 5.33 0.32 0.64

ial; therefore, this value was chosen as working potential. Fur-
hermore, at this potential, a less contribution of the electroactive
nterferences present in serum is expected.

The performance of the HRP-rotating biosensor for the mea-
urement of CF and NF concentrations was characterized. For
F measurement, the following procedure was used: (a) a base-

ine current was established with the buffer solution; (b) a solu-
ion containing 1 mM Q and 0.1 mM H2O2 were injected into
he rotating biosensor; (c) the flow was detained and the disk was
otated to 900 rpm, thus, a large reduction current was observed
ue to the quinone derivative and after 1 min the flow was started
gain; then (d) a solution containing 1 mM Q, 0.1 mM H2O2,
nd several CF concentrations was injected into the rotating
iosensor; (e) the flow was detained and the disk was rotated
o 900 rpm and the reduction current was measured. The addi-
ion of CF resulted in a current decrease. After 1 min the flow
as started again. A CF calibration plot was obtained by plot-

ing �I versus CF concentration. The background solution was
uffer phosphate pH 7.0. A linear relation (Eq. (1)) was observed
etween the �I and the CF concentration in the range of 0.02
nd 65 �M. In spite of this, biological useful range is comprised
etween 0.02 and 10 �M (rotation 900 rpm).

I (�A) = 0.021 + 0.52CCF (1)

The correlation coefficient for this type of plot was typically
.998. Detection limit (DL) is the minimal difference of concen-
ration that can be distinguished from the signal of the pure Q
olution. The DL was calculated as the amount of CF required
o yield a net peak that was equal to three times the standard
eviation (S.D.) of the pure Q signal. In this study, the mini-
al difference of concentration of CF and NF were ca. 0.3 nM,

or CF and NF, respectively. Reproducibility assays were made
sing repetitive standards solutions (n = 5) containing 1.0 mM
, 0.1 mM H2O2 and 10 �M CF; the percentage standard error
as less than 4%.
The inter- and intra-day precision and accuracy results are

howed in Table 3. The lower limit of quantification (0.02 �M)
as accepted taking account to the fact that this level is the

owest on the calibration curve and its concentration can be still
etermined with acceptable precision (CV < 20%) and accuracy
bias < 20%) for the purpose of this particular application.

The effect of the various compounds on the response of
he HRP-rotating biosensor was tested. The addition of 10 �M
scorbic acid resulted in ca. 4% decrease versus the reductive

urrent obtained with 1 mM Q. The data show that the reaction
f the quinones with the free secondary-amine group is quite
ast compared with that with ascorbic acid. Despite the fact that
scorbic acid can also react with the quinones, and because the
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hysiological concentration of ascorbic acid (in serum) is in the
ame concentration than CF, we believe that the interference for
scorbic acid can be important for CF and NF determination.
urthermore, in blood and serum, most of the free sulfhydryl
roups reside in compounds such as the reduced form of glu-
athione (GSH), cysteine (Cys), and homocysteine (Jocelyn,
972). Cys concentration in blood serum is 20–50 times lesser
in �M range) than GSH (1–3 mM). These compounds can react
ith quinone by means the free SH group. Therefore, GSH con-

entration is more critical as interferent. The oxidized form of
ys and GSH and sulfur-containing compound such as methio-
ine showed little or no effect on the current response of the
lectrode; similar behavior was observed for lysine and uric
cid. This fact can be avoided for CF and NF if standard addition
ethod is used instead of calibration curve. To check this fact

n the determination of CF, an experiment using the standard
ddition method was carried out in the same biosensor system.
ifferent known amounts of CF were added to the synthetic sam-
les containing a known amount of CF, ascorbic acid, Cys, and
SH proportion (in the same rate like serum) prior to testing and

njection; from this calibration curve the recovery was 100.4%.
herefore, the interference is avoided on the response to CF. By

he other way; the effect of oxidizing interferents on the response
f the HRP-rotating biosensor was tested. For this matter a solu-
ion containing 1 mM Q and 0.1 mM H2O2 were injected in the
otating biosensor without immobilized enzyme on the disk sur-
ace, the flow was detained and the disk was rotated to 900 rpm,
hus, current was not observed due to the quinone derivative and
fter 1 min the flow was started again. Then, solutions contain-
ng 1 mM Q, 0.1 mM H2O2, and several sample concentrations
ere injected in the rotating biosensor; the flow was detained

nd the disk was rotated to 900 rpm. The reduction current was
ot observed. After 1 min the flow was started again. There-

ore, oxidizing interferents have not been founded in this kind of
ample.

ig. 3. Concentration vs. time curve of ciprofloxacin of two healthy human
olunteer who was given a single oral dose of 500 mg of ciprofloxacin.
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The concentration profile of two healthy human volun-
eer from 24 studied, after receiving one tablet with 500 mg
iprofloxacin, is given in Fig. 3. This profile was obtained using
he standard addition method.

The results of the QC samples provided the basis of accept-
ng or rejecting the injection during clinical study. All three
C samples were within ±15% of their respective nominal
alue in each day of sample analysis. All the injections were
ccepted.

. Conclusions

The usefulness of enzyme biosensor as a determiner of
ery low concentrations of CF was demonstrated. The biosen-
or developed in this work is the first one developed for CF
etermination. This type of detection (addition reaction on co-
ubstrates) shows promise with regards to biological and phar-
acological sensing. Also, this biosensor is able to operate as a

ast, selective and sensitive detection unit when is incorporated
nto a FIA system. It provides a fast and cost effective solution
o the realization of quantitative information at extremely low
evels of CF concentrations.
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