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Abstract
An ofloxacin-selective electrode was developed for application in pharmaceutical preparations, serum and urine
analysis. The electrode is based on tetrakis[3,5-bis(trifluoromethyl)phenyl]borate as ion exchanger in a poly(vinyl
chloride) membrane. The sensor displayed a Nernstian response for ofloxacin over a wide concentration range (3 �
10�6–1� 10�2 molL�1) with a slope of 55�1 mV per decade of concentration and a practical detection limit of 1�
10�6 molL�1. The electrode was successfully applied to the determination of ofloxacin in samples with no pretreat-
ment steps, adequate accuracy and precision and recoveries within the intervals of 94–107%.
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1 Introduction

Ofloxacin (OFLX) [(� )-9-fluoro-2,3-dihydro-3-methyl-
10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-
1,4-benzoxacine-6-carboxylic acid] (Figure 1), is a synthet-
ic quinolone antimicrobial agent.

It exhibits broad-spectrum activity against both Gram-
positive and Gram-negative organisms, as well as atypical
pathogens such as Mycoplasma, Chlamydia and Legionel-
la [1]. The bactericidal action of OFLX results from its
interference with enzyme DNA gyrase and topoisomerase
IV, needed for the synthesis of bacterial DNA. OFLX is
used in both human and veterinary medicine for the
treatment of a wide variety of diseases, namely urinary,
respiratory and gastrointestinal tract infections [2–5]. It
has two optical isomers: levofloxacin (LVFX), the (�)-
(S)-enantiomer (which is the more active isomer), and
dextrofloxacin, the (+ )-(R)-OFLX. Currently, the drug is
marketed by a variety of brand names as well as generic
drug equivalents as a racemic mixture (consisting of
equal amounts of the enantiomers) or only as S-isomer.
According to literature, the (�)-(S)-enantiomer of the
drug, is approximately two-fold more potent than the rac-
emic mixture [6–8].

OFLX is rapidly and almost completely absorbed. Fol-
lowing oral administration the bioavailability is approxi-
mately 98% and peak plasma concentrations are usually
attained one to two hours after an oral dose. This sub-
stance has a pyridobenzoxazine ring that appears to de-

crease the parent metabolism. The drug undergoes limit-
ed metabolism and is primarily excreted as unchanged in
urine, between 65 % and 80% of an administered oral
dose of OFLX is excreted via the kidneys within 48 hours
of dosing, thus producing high levels of active drug in
urine with excellent cure rates in the treatment of urinary
tract infections [2,9]. Pharmacokinetics studies point out
that less than 5 % of the administered dose is recovered
in urine as the desmethyl or N-oxide metabolites, and
such low metabolite concentration are of no clinical im-
portance [9,10].

The actual therapeutic importance of this drug requires
selective, rapid and accessible analytical methods for its
determination in pharmaceutical formulations and in bio-
logical matrices. A review of the literature revealed that
most analytical methods resort to the use of high perfor-
mance liquid chromatography (HPLC) [11–14] and capi-
lary electrophoresis (CE) [15–20] for this purpose. How-
ever, in spite of their high selectivity and sensitivities,
these techniques are time-consuming, require complex
sample procedures and involve the use of large amounts
of reagents and organic solvents thus incurring in consid-
erable costs. Other alternatives described include spectro-
photometric [21–23], fluorimetric [24–26], chemilumi-
nesce [27–29], voltammetric [30–32], and immunoassay
[33] methodologies. Most of them present several disad-
vantages such as use of expensive equipment, inadequate
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selectivity, requirement of long sample pretreatment or
even complex treatment of the analytical results.

In recent decades ion-selective electrode (ISEs) have
been widely used in several fields of modern analytical
chemistry, including pharmaceutical [34] and biological
analysis [35,36], thanks to their simple design, low cost,
relatively short response times, limited or no sample
preparation steps, adequate selectivity, good accuracy,
wide linear concentration range and possible interfacing
with automated and/or computerised systems [37,38].
Synthetic receptors (ionophores) that selectively bind to
the target analytes have been reported for over 60 species
[39,40].

The aim of this work was to develop a new simple po-
tentiometric PVC-membrane sensor for the simple, sensi-
tive, rapid and selective determination of OFLX in phar-
maceuticals and in more complex samples like biological
fluids. As the ionophore nature has a critical role in the
ISEs performance, different possible ionophores, func-
tionalized cyclodextrins (CDs), vancomycin (VAC) and
potassium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate
(KTFPB), were tested. The selected membrane consisted
of liquid-plasticizer PVC and was based on lipophilic
tetrakis[3,5-bis(trifluoromethyl)phenyl] borate as ion ex-
changer.

2 Experimental

2.1 Reagents and Solutions

Deionised water (with a specific conductance lower than
0.1 mS/cm) and analytical grade chemicals without addi-
tional purification were used. For ISEs membranes prepa-
ration the following reagents were used: high molecular
weight poly(vinyl chloride) (PVC, Fluka 81392) or car-
boxilated high molecular weight poly(vinyl chloride)
(PVC-COOH, Jansen 1833195) as immobilising matrix;
potassium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate
(Fluka 60588), tetradodecylammonium bromide (TDB,

Fluka 87249), methyl- b-cyclodextrin (methyl- b-CD, Al-
drich 332615), (2-Hydroxypropyl)-b-cyclodextrin (HP-b-
CD, Fluka 56332), carboxymethyl-b-cyclodextrin
(COOH-b-CD, Fluka 21906) or vancomycin hydrochlo-
ride (Fluka 94747) as additives or ionophores; and, 2-ni-
trophenyloctyl ether (ONPOE, Fluka-73732) or bis(2-eth-
ylhexyl) sebacate (DOS, Fluka 84818) as mediator sol-
vent. The solid polymers were dissolved in tetrahydrofur-
an (THF, Sigma-Aldrich 34865).

To enable simultaneous pH and ionic strength adjust-
ments, a 0.1 mol L�1 NaH2PO4 solution was prepared and
the pH adjusted to 2.5 with concentrated H3PO4 solution.
Standard 1 �10�2 molL�1 OFLX (Sigma O8757) or LVFX
(Fluka 28266) solutions were prepared daily by weighing
of the solid and dilution in the buffer solution.

All inorganic interferent standard solutions were pre-
pared of the analytical grade chloride salts.

The pharmaceutical preparations used were as follows:
Tarivid (containing 200 mg OFLX/tablet), Bioquil
(400 mg OFLX/tablet), Ofloxacina Merck (200 mg
OFLX/tablet), Tavanic (500 mg LVFX/tablet), Loxadin
(500 mg LVFX/tablet) and Levofloxacina J Neves (con-
taining 500 mg LVFX/tablet).

Human urine samples were collected from 10 healthy
volunteers. For analytical measurements, a pool of these
fluids was used.

Synthetic serum samples were prepared as follows:
138 mmol L�1 NaCl; 2.8 mmolL�1 KCl, 1.3 mmol L�1

KH2PO4; 2.5 mmolL�1 CaCl2·2H2O; 1.0 mmolL�1

MgSO4·7H2O and 6 % bovine serum albumine [41].
Urine and serum samples were spiked with appropriate

amounts of analyte, to match biological concentrations
usually found in these biological fluids.

2.2 Membrane and Sensor Preparation

Polymeric membranes were prepared by dissolution of
the ionophore and the additive in the mediator solvent.
Powdered PVC (0.16 g) and 6 mL of tetrahydrofuran
were subsequently added and thoroughly mixed to obtain
a homogeneous solution. Membrane composition of the
several types of OFLX-selective electrodes tested is pre-
sented in Table 1.

The membrane solutions were then applied dropwise
on the conductor support, made up of a mixture of epoxi
resin (Araldite) with graphite powder constructed follow-
ing the methodology previously described [42]. After tet-
rahydrofuran evaporation, successive applications of the
sensor solutions were performed until a membrane 1 mm
thick was obtained. Next, they were allowed to dry (at
room temperature) overnight until total evaporation of
tetrahydrofuran occurred. Before use, the electrodes were
soaked in a 1 � 10�3 molL�1 OFLX solution and condi-
tioned until a potential drift lower than 0.1 mV min�1 was
achieved (approximately 30 minutes).

Fig. 1. Chemical structure of ofloxacin enantiomers. (a) R-enan-
tiomer; (b) S-enantiomer or levofloxacin.
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2.3 Sample Preparation

2.3.1 Procedure for the Analysis of Ofloxacin in
Pharmaceutical Preparations

Ten tablets of each pharmaceutical were weighed, ground
and mixed in a porcelain mortar. An appropriate amount
of the resulting powder was weighed (equivalent to
150 mg OFLX/LVFX), dissolved in buffer solution and
then transferred to 50 mL volumetric flasks. Finally, dif-
ferent accurate volumes of these mixtures were diluted in
the same buffer, to prepare solutions with a final expect-
ed OFLX/LVFX concentration from 5 �10�5 to 3 �
10�4 molL�1. These drug levels are included in the work-
ing range of the electrodes and therefore potentiometric
measurements were carried out in the linear nernstian
zone of the analytical curve. Recovery studies were also
performed on each of the pharmaceuticals solutions pre-
pared above. An aliquot of 25.0 mL of each pharmaceuti-
cal sample solution, was spiked with different volumes of
OFLX 1 � 10�2 molL�1 standard (0.30–3.0 mL) and ana-
lysed in triplicate.

2.3.2 Procedures for Analysis of Ofloxacin in Urine and
Serum

Human urine and serum samples were spiked with ade-
quate amounts of OFLX 1 �10�2 molL�1 standard solu-
tion to meet active therapeutical concentrations [10, 11].
Final added OFLX concentrations in urine and serum
samples were 7 � 10�4 to 2 �10�3 and 8� 10�6 to 2 �
10�5 molL�1, respectively. Aside from a dilution step with

buffer solution, 1 :25 or 1 : 10 for urine matrices and 1 :2
for serum samples, no other pretreatment procedure was
required. The potential of different solutions was mea-
sured using the general procedure described and the
OFLX analytical concentration obtained either by direct
interpolation in the analytical curve or by the standard
addition method (for OFLX level<4 � 10�5 molL�1 in
urine samples and<4�10�6 mol L�1 in serum samples). In
this latter situation, volumes of 25.0 mL of each urine di-
luted sample were supplemented with increasing volumes
of a 1� 10�2 molL�1 standard OFLX solution (0.10; 0.30.
0.80 and 1.5 mL) and the new potential measured under
the same conditions. Each sample was analysed in quad-
ruplicate and the amount of OFLX was calculated by ex-
trapolation from all the data points obtained. Regarding
serum samples, a similar procedure was used. The only
differences were that a 20.0 mL volume of diluted sample
was used and the additions of the 1 �10�2 molL�1 stan-
dard OFLX solution were 10, 20, 30 and 40 mL for OFLX
serum concentrations lower than 4 � 10�6 molL�1 and 100,
200, 300 and 400 mL for the other serum samples.

2.4 Apparatus and Measurements

A Crison micro-pH, model 2002 voltmeter (�0.1 mV sen-
sitivity), was used to measure the potential differences
between an Orion (model 900200) double-junction Ag/
AgCl reference electrode and the proposed indicator
electrodes. The outer compartment of the reference elec-
trode contained the buffer solution. pH measurements

Table 1. Membrane composition (% w/w) of the several types of ion-selective electrodes.

Electrode type Ionophore
(1–2 %)

Additive
(0.4 %)

Mediator solvent
(66%)

Immobilising matrix
(33%)

A VAC ONPOE PVC
B methyl-b-CD ONPOE PVC
C HP-b-CD ONPOE PVC
D COOH-b-CD ONPOE PVC
E VAC DOS PVC
F methyl-b-CD DOS PVC
G HP-b-CD DOS PVC
H COOH-b-CD DOS PVC
I VAC TDB ONPOE PVC
J methyl-b-CD TDB ONPOE PVC
K HP-b-CD TDB ONPOE PVC
L COOH-b-CD TDB ONPOE PVC
M VAC KTFPB ONPOE PVC
N methyl-b-CD KTFPB ONPOE PVC
O HP-b-CD KTFPB ONPOE PVC
P COOH-b-CD KTFPB ONPOE PVC
Q KTFPB ONPOE PVC
R VAC KTFPB ONPOE PVC-COOH
S methyl-b-CD KTFPB ONPOE PVC-COOH
T HP-b-CD KTFPB ONPOE PVC-COOH
U COOH-b-CD KTFPB ONPOE PVC-COOH
V KTFPB ONPOE PVC-COOH
W ONPOE PVC
X ONPOE PVC-COOH
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were performed with a WTW model SenTix 41 glass elec-
trode.

To establish general analytical performance characteris-
tics of the sensor systems, OFLX-selective and reference
electrodes were immersed in phosphate buffer solution
and adequate volumes of a standard OFLX solution were
added, while stirring, to cover the concentration range
from 10�7 to 10�2 mol L�1.

Calibration plots with OFLX concentrations between
1�10�5 and 2 �10�3 M were performed for sample analy-
sis.

3 Results and Discussion

3.1 Development and Optimization of Sensor
Membranes

In preliminary studies, different possible ionophores,
some cyclodextrins and vancomycin, were tested.

Cyclodextrins are a family of cyclical oligosaccharides,
with torus-like form, that allows the inclusion of several
organic compounds of adequate size and polarity in a
“host–guest” type of structure. This property makes these
receptors in an interesting class of species to be studied
as electrochemical sensors for wide range of alkyl and ar-
ylammonium ions [43, 44]. Additionally, some authors re-
ported the use of CDs and VAC as chiral selectors in
chromatographic systems for HPLC and CE enantioselec-
tive determination of OFLX [17,18, 20, 45]. Taking these
into account, the first trial was to develop selective elec-
trodes to OFLX using three functionalized lipophilic CDs
(methyl-b-CD, HP-b-CD and COOH-b-CD) and VAC as
sensor ionophores. Two different plasticizers (with very
different dielectric constants) as mediator solvents
(ONPOE and DOS) were also tested. PVC was used as a
support matrix (Table 1). None of the membrane formu-
lations tested (electrodes A-H) showed significant activity
for OFLX and thus were no further used.

Several authors reported that the addition of a low per-
centage of lipophilic species as an additive can contribute
to a decrease of the membrane resistance and a concomi-
tant improvement in the slope and selectivity of the elec-
trodes [46]. The inclusion of a small amount of KTFPB
or TDB, as fixed ionic site additives, was then tested. No
reaction to OFLX was shown by the electrodes with TDB
(types I–L) but, surprisingly, regardless of the sensor
system used, all the electrodes containing KTFPB (types
M–P) presented similar analytical performance character-
istics (with near Nernstian slopes, comparable practical
detection limits and analogous pH operational range)
(Table 2).

In an attempt to understand the role of the KTFPB in
the recognition mechanism of the membrane, new elec-
trodes contained only this anionic exchanger were assem-
bled. This series of electrodes (type Q) displayed analyti-
cal features similar to the ones previously described
(types M–P) (Table 2), suggesting that the effect of CDs
or VAC on potentiometric activity might be null and that

the performance characteristics of all these sensors could
be due entirely to the use of the additive.

Ofloxacin is an organic amine positively charged under
a relatively wide pH range. It can react with the anionic
tetraphenylborate group present in the additive to form
lipophilic water-insoluble ion-pair complexes [47]. The
potentiometric activity of electrodes with KTFPB could
therefore be attributed to an ion exchange mechanism.
This ion-pair would be obtained in situ, after soaking the
PVC membranes containing KTFPB in 1 �10�3 molL�1

OFLX solution for electrode conditioning prior to its use.
As the inclusion of either CDs or VAC in the mem-

branes did not improve the general analytical characteris-
tics of the electrochemical devices, KTFPB electrodes
(type Q) were selected to carry on the study.

The effect of the immobilising matrix on potentiomet-
ric response of the KTFPB electrodes was then assessed.
Some authors report improvements in electroanalytical
characteristics when using carboxylated high molecular
weight poly(vinyl chloride) [48]. In this case, the input in
negative charge (due to the carboxylic group), could also
benefit the response mechanism. No difference in the
membranes response was obtained with formulations
using PVC-COOH (types R–V) instead of PVC.

The response of blank membranes, containing only sol-
vent ONPOE and either PVC (type W) or PVC-COOH
(type X), was also studied. Previous studies point out that
ionic impurities present in either the mediator solvent or
PVC can generate permeselectivity in the membranes to-
wards cationic and anionic species [49,50]. No answer
was obtained with blank PVC electrodes. Blank PVC-
COOH membranes exhibited a weak response to OFLX
(slope of 46�1 mV/decade of concentration) that de-
creased rapidly throughout the following days (less than
half of the initial slope was obtained in 2 to 3 days).

Membranes with PVC-COOH, similar ionophore (CDs
or VAC) content and no anionic additive were also con-
structed (data not shown). Their potentiometric response
was similar to the one exhibited by blank PVC-COOH
electrodes (type X) supporting the idea that both CDs
and VAC had no potentiometric activity.

Finally, to assess the effect of the plasticizer solvent in
these functioning PVC-COOH membranes, ionophores
were tested with DOS as mediator solvent. No analytical
response was observed, probably due to the inadequate
physicochemical properties of DOS, namely its low die-
lectric constant.

After this study, type Q electrodes were chosen as
having the most suitable composition to carry out the rest
of the work.

3.2 General Working Characteristics

General working characteristics were determined per-
forming regular calibrations with OFLX solutions (con-
centration range of 1 �10�7 to 1 �10�2 mol L�1) in solu-
tions with adjusted pH and ionic strength, according to
IUPAC recommendations [51]. Data obtained, from the
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evaluation of at least three units of each type are present-
ed in Table 2. No significant differences between electro-
des with diverse membrane composition were noticed re-
garding general calibration parameters (namely slope,
lower limit of linear response and practical detection
limit). This could be ascribed to the fact that these set of
sensors had similar KTFPB amounts (0.4 %). Electrodes
possessing different KTFPB concentrations were also as-
sembled �0.04, 0.2 and 1 %. As expected, the only differ-
ence between these units regarded their lifespan: 5, 6 and
more than 8 months, respectively. This fact could be at-
tributed to the higher amount of ion exchanger in its
composition. Electrodes displayed a wide range of linear
response (3 �10�6 to 1 � 10�2 molL�1), with a near Nerns-
tian slope of 55�1 mV decade�1 and a practical detection
limit of 1 � 10�6 molL�1. It should also be mentioned that
these sensors had a short response time (less than 10 s)
and exhibited a day-to-day reproducibility of about
�0.7 mV.

3.3 Influence of pH

The effect of pH in the electrode response was examined
over the pH range of 1–13. Experiments were conducted
with two electrodes of each type, for two concentration
levels of the primary ion: 5 �10�4 and 5 � 10�3 molL�1.
The pH of the solution was adjusted adding small vol-
umes of concentrated sulphuric acid or sodium hydroxide
solutions to the aqueous OFLX solution. The potential
changes as a function of pH were recorded. The opera-
tional pH range was established when the change in po-
tential did not exceed more than 5 mV. Results of a typi-
cal profile for 5 �10�4 and 5 �10�3 mol L�1 OFLX solu-
tions, using electrode type Q are shown in Figure 2.

As seen, the potential remains almost constant over the
pH range of 1.1 to 5.6 which can be taken as working pH
range of the electrode. OFLX has zwitterionic properties
by virtue of carboxyl group being deprotonated at basic
pH values (pKa1 =6.0) and its amino function in position
4 of the piperazine ring being positively charged under
acidic conditions (pKa2 =8.0). So, at the pH interval men-
tioned above, the OFLX molecules are protonated and

positively charged and can be sensed by anion-exchanger
KTFPB present in the electrodes. For pH values higher
than 6 a severe decrease of the cationic form of OFLX
occurs since the analyte molecules are mainly at the zwit-
terionic form. Having no net charge, OFLX has no ability
to form the ion-pair complex and therefore is no longer
detected, that is, a marked decrease in the electrode re-
sponse is observed. Considering this behaviour a pH 2.5
phosphate buffer solution was used throughout the rest of
the work. This solution acted both as an ionic strength
and pH adjuster. The same pattern of pH dependence
was found for other electrodes types (electrodes M–V)
(Table 2).

3.4 Interference Studies

Potentiometric selectivity coefficients (log KOFLX,I
pot)

against several species were evaluated using the separate
solutions method (SSM) at two concentrations levels (1 �
10�4 and 1 �10�3 mol L�1) of primary (OFLX) and inter-
fering ion (I), according to IUPAC guidelines [52].
Table 3 presents results obtained for main inorganic cat-
ions present in biological fluids (Group I and II cations
and ammonium ion) and two organic cations (phenyle-
thylamine and epinephrine) having a chemical structure
similar to that of the target species tested.

Data obtained point out that all systems with KTFPB
showed a similar pattern of interference with a small re-
sponse to the interfering species (selectivity coefficients
obtained in the order of 10�2 or smaller). This confirmed
the fact that the active substance is actually the ion ex-
changer KTFPB and reinforces the choice of type Q
membranes over those that also included CDs or VAC
(electrode types M–O). Additionally, the substitution of
the immobilizing matrix (type V) did not result in an im-
provement in selectivity (Table 3).

As blank PVC-COOH membranes initially exhibited
some activity towards OFLX, their selectivity coefficients
were also determined. As expected, they were much
larger than those obtained for the membranes with
KTFPB, highlighting their unsuitability for analytical pur-
poses.

Table 2. General working characteristics of the OFLX-sensors. Data obtained with at least three units of each type of electrodes; pH
and ionic strength adjusted with H3PO4/NaH2PO4 buffer solution (I=0.1 molL�1 and pH 2.5). PDL : practical detection limit; LLLR :
lower limit of linear response.

Parameter Electrode type

M N O P Q

Slope (mV decade�1) [a] 55�1 54.4�0.4 54�2 54.2�0.9 54�1
Linear correlation coefficient (R2) [a] 0.9997�0.0002 0.9999�0.0001 0.9999�0.0001 0.9997�0.001 0.9998�0.0001
PDL (molL�1) 3� 10�6 7�10�6 7 � 10�6 8 � 10�6 1 � 10�6

LLLR (mol L�1) 1� 10�5 3�10�5 1 � 10�5 2 � 10�5 3 � 10�6

Reproducibility (mVday�1) 1.4 0.9 0.9 1.2 0.7
Working pH range [b] 1.3–5.2 1.5–5.8 1.5–5.2 1.5–5.2 1.1–5.6
Response time (s) <10 <10 <10 <10 <10
Lifetime (months) 6 6 6 6 6

[a] Average value� standard deviations of 20 determinations over a period of 6 months. [b] Results corresponding to 5� 10�3 and 5�
10�4 molL�1 and of OFLX solutions.
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The selectivity pattern mentioned for the KTFPB units
follows the sequence: Mg2+ <Ca2+ <Li+ <Na+ <NH4

+<
K+ <phenylethylamine<epinephrine. This order is relat-
ed to the mechanism of action of the ion exchanger,
which depends on physico-chemical characteristics of the
ion exchange process at the membrane-sample solution
interface, the mobilities of the respective ions in the
membrane and the hydrophobic interactions between the
primary ion and the organic membrane. The high selectiv-
ity for inorganic ions was attributed to the differences in
ionic size, and consequently their mobilities and permea-
bility, as compared to those of OFLX cation. Regarding
organic molecules, the lower selectivity is mainly due to
the similarity in polarity and to the moderately hydropho-
bic nature of these molecules relative to OFLX cation.

As OFLX is a racemic mixture, consisting of equal
amounts R- and S-enantiomers, the log KS-isomer,R-isomer

pot

was also assessed as a mean of determining the enantiose-
lectivity of the assembled membranes. The S-enantiomer
was considered the primary species and the R-enantiomer
the interferent ion (Table 3). As the mechanism of action
of these membranes is based on electrostatic interactions,
no chiral selectivity was observed and the electrodes re-
sponse was the same for both isomers (log KS-isomer,R-iso-

mer
pot�0).
Considering data obtained for all the species tested, the

proposed KTFPB membrane electrode (type Q) presents
an adequate selectivity toward OFLX.

The effect of common excipients and adjuvants used in
ofloxacin pharmaceutical formulations, namely, silicon di-
oxide, glucose, lactose, starch, magnesium stearate, poly-
ethylene glycol and titanium dioxide was also studied.
Samples contained a fixed amount of OFLX (1 �
10�4 molL�1) and variable excipients concentrations were

measured. The tolerated limited for excipient was taken
as the largest amount yielding a relative error lower than
5 %. None of the aforementioned species cause interfer-
ence up to excipient/ofloxacin ratio (w/w) of 100, which is
a much higher value than that found in commercial for-
mulations.

Ofloxacin has the potential to form stable coordination
compound with Fe3+, Al3+, Cu2+ and Ni2+ . Solutions
with a constant level of OFLX (1 �10�4 mol L�1) and in-
creasing amounts of metals were prepared. Nickel(II) and
aluminum(III) do not interfere up to a molar metal/
OFLX ratio of 100 fold. Copper(II) and aluminum(III)
start to interfere negatively at a molar ratio higher than
10 fold. Both ratios are higher than those found in all an-
alysed samples. So no interference from these cations was
expected.

Ofloxacin degradation products (decarboxy ofloxacin,
9-piperazino ofloxacin, des-methyl ofloxacin, and ofloxa-
cin-N-oxide) may be present in pharmaceuticals and bio-
logical samples. However, as pointed out previously,
OFLX undergoes limited metabolism (less than 5 % of
the administered dose is recovered in urine as metabo-
lites) and degradation and only trace levels of these spe-
cies are found in both matrices [9–11]. At such low con-
centrations the extent of their influence in OFLX quan-
tification is so limited that it can be considered to have
no significant effect on the analytical signal.

4 Analytical Applications

The present KTFPB membrane electrode was successfully
applied to the determination of OFLX in pharmaceutical
preparations and different biological fluids (human

Fig. 2. Effect of pH on the response of electrodes type Q in 5� 10�4 and 5� 10�3 molL�1 OFLX solutions.
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spiked urine and synthetic serum). Direct potentiometric
and standard addition methodologies were used for
OFLX measurement in the mentioned matrices.

4.1 Determination of Ofloxacin in Pharmaceutical
Preparations

Several pharmaceutical preparations with different
OFLX or LVFX (the S-enantiomer) doses were analysed.
Appropriate amounts of 10 powdered tablets were dis-
solved in buffer solution. For each pharmaceutical, three
solutions with final OFLX/LVFX concentration from 5 �
10�5 to 3 �10�4 mol L�1 were prepared and analysed by
direct potentiometry. Results obtained were compared to
those obtained by the USP reference method [53]
(Table 4). Application of the Student�s t-paired test indi-
cates the absence of statistical differences as the calculat-
ed t value is 1.000 lower than the 2.571 (the theoretical t
value) at a confidence level of 95 %. Recoveries assays
were also carried out in all the sample solutions previous-
ly examined. Recoveries rates between 99–107% were
always obtained (Table 4). This emphasizes the noninter-
ference of other species present in commercial formula-
tions and corroborates data obtained by direct potentiom-
etry.

4.2 Determination of Ofloxacin in Urine Sample

Analysis of species present in physiological matrices with-
out preliminary treatment is an important feature often
related to electroanalytical methodologies.

OFLX is usually oral administered in daily doses of
200–400 mg. The urinary concentrations are dose-depen-
dent, but the percentage of the dose excreted via the kid-
neys remains approximately constant, 80% or more of
the dose is recovered as unchanged OFLX. In a collection
period of 6 hours following the administration of a single
200 mg and 400 mg oral dose of OFLX, the urine average
concentration of OFLX is approximately 220 mg/mL and
427 mg/mL, respectively [9, 10].

Known amounts of drug were added to blank urine ali-
quots to include the physiological concentrations ob-
tained after the usual therapeutic dose, 200–600 mgmL�1

(5 �10�4–2 �10�3 M). These samples were subsequently di-
luted in buffer solution for ionic strength and pH adjust-
ments. Results obtained for the spiked urine samples are
presented in Table 5. If spiked urine samples analysed
contained at least 4 � 10�5 molL�1, between 99 to 104%
of the OFLX added to the blank urine samples was en-
countered by direct potentiometric measurements, con-
firming the good selectivity of the method and indicating
that the constituents of the human urine samples do not
interfere.

However, results obtained by direct potentiometry pro-
cedure for spiked urine samples having ofloxacin concen-
trations below 4� 10�5 molL�1 presented inadequate rela-
tive deviations (values ranging from 10–20%) with a
clear trend for higher values the lower the concentrationT
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tested. Problems due to ionic strength and unknown
liquid junction potentials can play a significant role and
be a major source of errors in the determination of
OFLX activity at such low levels. The use of the standard
additions method for OFLX determination in these sam-
ples enables to overcome such problems Furthermore the
additions of OFLX to the sample lead to a higher OFLX/
matrice ratios and therefore minimize the effect of inter-
fering species in the sensor system (when the concentra-
tion of the primary ion is reduced the effect of interfering

species is enlarged). As can be seen from Table 5, excel-
lent results were obtained using this procedure, even at
very low OFLX levels (relative deviations lower than 7 %
were obtained in all trials).

4.3 Determination of Ofloxacin in Serum

OFLX plasma concentrations increase dose-dependently
with maximum serum concentrations being achieved one
to two hours after an oral dose. Mean peak serum con-

Table 4. Determination of OFLX or LVFX in pharmaceuticals by direct potentiometry and recovery assay results of the examined
pharmaceuticals.

Preparation Initial concentration (molL�1) Direct potentiometry Recovery study

Present method Reference method RD Concentration added Recovery
(g/tablet) [a] (g/tablet) [b] (%) [c] (mol L�1) (%) [d]

Tavanic 8.44� 10�5 0.497�0.006 0.495�0.004 0.20 1.31� 10�4 100.4�0.9
1.69� 10�4 0.501�0.007 1.21 3.27� 10�4 104.1�0.6
2.53� 10�4 0.507�0.004 2.42 4.37� 10�4 103.5�0.5

Loxadin 8.43� 10�5 0.490�0.002 0.513�0.012 �4.48 1.31� 10�4 105.6�0.3
1.69� 10�4 0.501�0.006 �2.34 3.27� 10�4 107.2�0.9
2.53� 10�4 0.492�0.008 �4.09 4.37� 10�4 106.2�0.8

J Neves 8.57� 10�5 0.509�0.004 0.499�0.009 2.00 1.31� 10�4 105.2�0.2
1.71� 10�4 0.506�0.013 1.40 3.27� 10�4 106.9�0.1
2.53� 10�4 0.484�0.002 �3.01 4.37� 10�4 106.2�0.8

Bioquil 5.04� 10�5 0.398�0.009 0.395�0.004 �0.76 1.21� 10�4 102.4�0.6
1.01� 10�4 0.408�0.016 3.29 3.02� 10�4 105.4�0.1
1.51� 10�4 0.415�0.014 5.06 4.03� 10�4 105.9�0.7

Ofloxacina Merck 5.04� 10�5 0.199�0.002 0.195�0.008 2.05 1.21� 10�4 104.6�0.9
1.01� 10�4 0.196�0.001 0.51 3.02� 10�4 104.6�1.1
1.51� 10�4 0.197�0.002 1.03 4.03� 10�4 100.2�1.2

Tarivid 5.04� 10�5 0.195�0.007 0.201�0.006 �2.99 1.21� 10�4 103.2�0.6
1.01� 10�4 0.199�0.004 �1.00 3.02� 10�4 102.7�1.1
1.51� 10�4 0.203�0.003 1.00 4.03� 10�4 98.6�1.9

[a] Average of 4 determinations� standard deviation (SD) with four different units obtained by the proposed methodology. [b] Results
obtained by a reference HPLC method presented as average of 3 determinations� standard deviation (SD). [c] Relative deviation for
the reference method content versus concentrations obtained by the present method. [d] Mean recovery values of 4 determinations�
standard deviation

Table 5. etermination of OFLX in urine samples by direct potentiometry and by the standard addition method.

Sample dilution Added
(molL�1)

Proposed method [a]
(molL�1)

RD [b]
(%)

Direct potentiometry
1 : 25 4.01� 10�5 4.12�10�5�1�10�6 2.74

5.99� 10�5 6.07�10�5�9�10�7 1.34
6.99� 10�5 7.24�10�5�1�10�6 3.58

1 : 10 6.99� 10�5 7.26�10�5�2�10�6 3.86
1.00� 10�4 9.96�10�5�3�10�6 �0.40
1.40� 10�4 1.41�10�4�4�10�6 0.71
1.49� 10�4 1.49�10�4�3�10�6 0.00

Standard addition method
1 : 25 2.01� 10�5 2.04�10�5�2�10�7 1.49

3.01� 10�5 3.21�10�5�2�10�8 6.64
4.01� 10�5 4.19�10�5�1�10�7 4.49

1 : 10 4.99� 10�5 4.98�10�5�3�10�7 �0.20
1.01� 10�4 1.00�10�4�5�10�7 �0.99
1.97� 10�4 1.96�10�4�2�10�7 �0.51

[a] Average of 4 determinations� standard deviation (SD) with four different units. [b] Relative deviation between the added content
versus concentrations obtained by the present method.
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centration after single oral doses of 200, 300 or 400 mg of
OFLX are 1.5 mg/mL, 2.4 mg/mL and 2.9 mg/mL, respec-
tively. After multiple-dose administration of 200, 300 or
400 mg doses, peak serum levels of 2.2, 3.6 and 4.6 mg/mL,
respectively, are predicted at steady state [9,10]. OFLX
levels representative of the real situation were added to a
synthetic serum sample (2–7 mg mL�1; 6 � 10�6–2 �10�5 M)
and analyte determinations were carried out after a 1 :2
dilution with buffer solution to adjust ionic strength and
pH. Results of these assays are shown in Table 6. For ana-
lyte concentration levels higher than 4 �10�6 molL�1 ade-
quate results were obtained by direct potentiometric
measurements. In fact, relative deviations between the
amount of OFLX added to blank serum sample and the
one obtained by direct interpolation in the analytical
curve were lower than 6 %. OFLX concentrations lower
than 4 �10�6 molL�1 were determined by the standard ad-
dition method (Table 6). Relative deviations lower than
5 % were obtained, This stresses the ability of the pro-
posed sensor to determine low analyte concentrations in
serum samples.

5 Conclusions

The proposed OFLX ion-selective electrode, based on
tetrakis[3,5-bis(trifluoromethyl)phenyl]borate ion ex-
changer immobilized in a PVC-matrix membrane, show
high sensitivity (slope of 55 mV decade�1), a wide work-
ing range (3 �10�6 to 1 �10�2 mol L�1) and has a practical
detection limit of 1 � 10�6 molL�1. The electrode can be
used over de pH range of 1.1–5.6 without any significant
pH effect. The electrode has a rapid response (<10 s), ex-
hibits long lifetime and good selectivity being an advanta-
geous alternative for the quality control, routine analysis
and monitoring of OFLX in pharmaceutical preparations
and biological fluids. The procedure avoids the usual pre-
treatment steps necessary for OFLX assays in complex
matrices and provides a simple, fast, accurate and precise
method for drug determination in pharmaceuticals,
human urine and serum samples. Results obtained stress
out the fact that no interference from main inorganic ions

and common excipients present in commercial prepara-
tions and biological matrices was found. Additionally, the
proposed method presents some general advantages over
common chromatographic and spectrophotometric proce-
dures: it makes use of less sophisticated equipment
(therefore being easier to operate and providing lower
cost of analysis) and surpasses colour and turbidity prob-
lems associated with the suspensions and colloids formed
during drug dissolution.
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