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Nitroxoline has been reduced at the mercury electrode in buffered solutions (pH 2−11) in two irreversible
cathodic steps. The first step was attributed to reduction of –NO2 group to the hydroxylamine stage and the
second one to reduction-saturation of the C=N double bond. DC-polarographic and various adsorptive
stripping voltammetric methods were developed for determination of nitroxoline in bulk form. Limits of
quantitation of 1.02×10−6, 3.05×10−8, 9.01×10−9, and 9.12×10−10 M nitroxoline were achieved by means
of the developed DC-polarography, differential-pulse-, linear-sweep-, and square-wave-adsorptive cathodic
stripping voltammetric methods, respectively. All these electroanalytical methods were successfully applied
for determination of nitroxoline in its Nibiol® tablets. While only the developed adsorptive stripping
voltammetry methods were successfully applied for determination of the drug in spiked human serum and
for pharmacokinetic studies in real human plasma. The analysis was carried out without interference from
common excipients and without the necessity for prior extraction or interaction with any reagent during the
analysis.
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1. Introduction

Nitroxoline, Scheme 1 (5-nitro-8-hydroxyquinoline), is a urinary
antibacterial and antifungal drug described for treatment of urinary
tract infection without fever. The fungistatic activity of nitroxoline is
greater against Candida albicans. Nitroxoline is active against
susceptible gram-positive and gram-negative organisms commonly
found in urinary tract infections. Nitroxoline is well absorbed from the
gastrointestinal tract and is excreted unchanged by kidneys [1,2].

Analytical literature concerning the determination of nitroxoline is
very scarce. HPLC [3,4], colorimetric [5] and galvanostatic coulometric
[6] methods have been reported for determination of nitroxoline.
Although HPLCmethods gave reliable results, they necessitate sample
pretreatment and time-consuming extraction steps prior to the
analysis. Besides, the high cost of HPLC equipments, reference samples
and the demand for highly skilled personnel restrict their use in
routine analysis. On the other hand, the colorimetric method is not
sensitive enough, while the coulommetric method for determination
of nitroxoline required its interaction with electrogenerated bromine
during the analysis. As far as we know no official method is reported
in the literature to date for the determination of nitroxoline in bulk
form or formulation. On the other hand, no information is reported in
the literature to date concerning the electroreduction or electroan-
alytical determination of nitroxoline in bulk form, formulation or in
biological fluids. However, the electroanalytical techniques have been
shown to be efficient and simple for the determination of pharma-
ceutical compounds in different matrices without extraction prior to
the analysis [7–10].

Therefore, the present work aimed to study the electroreduction of
nitroxoline at the mercury electrode. Besides, it aimed to develop
simple and precise polarographic and various stripping voltammetric
methods for determination of nitroxoline in bulk form, pharmaceu-
tical formulation and human blood. Pharmacokinetics of nitroxoline
in human plasma was also demonstrated.

2. Experimental

2.1. Materials and solutions

Bulk nitroxoline and its pharmaceutical formulation “Nibiol®

tablets”, labeling to contain 100 mg nitroxoline per tablet (Sedico
pharmaceutical Co., 6 October City, Egypt) were the substances
investigated in this work. A standard stock solution (1×10−3 M) of
bulk nitroxoline was prepared in methanol (Merck). Desired working
solutions (10−8-10−4 M) were prepared by appropriate dilutions
with methanol.

Ten Nibiol® tablets were weighed and the average mass per tablet
was determined, and then grounded to a fine powder. A weighed
portion of the homogeneous powder equivalent to 1×10–3 M
nitroxoline was accurately transferred into a 100-mL volume
calibrated flask containing 70 mL methanol (Merck). The content of
the flask was sonicated for about 10 min and then filled up with
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Scheme 1. Chemical structure of nitroxoline molecule.

Fig. 1. DC-polarograms of 1×10−4 M nitroxoline in the B–R universal buffer of various
pH values: (1) 1.7 (2) 3.0, (3) 3.6, (4) 5.1, (5) 6.4, (6) 7.1, (7) 8.8, (8) 9.9 and (9) 10.8.
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methanol. The solution was then filtered through a 0.45 μmMilli-pore
filter (Gelman, Germany). Convenient more dilute working solutions
were then obtained by accurate dilution with methanol.

Serum sample of a healthy volunteer was stored at −20 °C until
analysis. Protein-free human serum solutions spiked with various
concentrations of nitroxoline (10−8-10−4 M) were prepared as
described in our previously published work [9].

A series of the Britton-Robinson (B-R) universal buffer (pH 2–11)
was prepared in de-ionized water and used as a supporting
electrolyte. De-ionized water was used throughout the present work.

2.2. Pharmacokinetic study

Two healthy male volunteers (40–50 years old) took part in this
study. They had normal heart, liver and kidney functions. Subjects
were caffeine and alcohol free for at least 12 h before administration
of the drug. The volunteers gave their written informed consent prior
to participating in the study (at Ramadan Specialized Hospital, Tanta
City, Egypt). Each subject received an oral dose of Nibiol® tablet
(100 mg nitroxoline) in the morning, after an overnight fast. Blood
samples (100 μL each) were obtained at 0.0 (pre-dose), 0.5, 1.0, 1.5, 2,
3, 4, 8, 12 and 24 h after the oral administration. The blood samples
were centrifuged immediately at 3000 rpm for 15 min and then the
plasma fractions were rapidly separated and stored in coded
polypropylene tubes at −20 °C until the assay. Following separation
of proteins by methanol and then separation by centrifugation, the
plasma samples were analyzed using the developed square-wave
adsorptive stripping voltammetric method.

2.3. Apparatus

A Polarograph Model 4001 (Sargent-Welech, USA) and a polaro-
graphic cell as that described by Meites [11] were used for the
polarographicmeasurements. Characteristics of the capillary used as a
dropping mercury electrode (DME) was: m=1.13 mg s−1, t=3.36 s
in a solution of 0.1 M KCl at open circuit for a mercury height of 60 cm.
A saturated calomel electrode was used as a reference electrode.

Computer-controlled Potentiostats Models 263A and 394-PAR
(Princeton Applied Research, Oak Ridge, TN, USA) with the software
270/250-PAR were used for measurements in the present work. The
voltammetric cell used in the present cyclic and stripping voltam-
metry measurements was as that described in our previously
published work [10]. A pH-meter (Crison, Barcelona, Spain) was
used for the pHmeasurements. De-ionized water was supplied from a
Purite-Still Plus de-ionizer connected to an AquaMatic double-
distillation water system (Hamilton Laboratory Glass LTD, Kent, UK).

2.4. Procedures

For electrochemical measurements, a known volume of the
analyte solution was pipetted into a 10-mL volume calibrated flask
and then filled up with the supporting electrolyte. This solution was
introduced quantitatively into the electrolysis cell, and then deoxy-
genated with pure nitrogen gas for about 5 min in the first cycle and
for 30 s in each successive cycle, while a stream of nitrogen gas was
kept over the solution during the measurements. In stripping
voltammetric analysis, preconcentration of nitroxoline onto the
surface of HMDE was performed by adsorptive accumulation at −0.1 V
(versus Ag/AgCl/KCls) for ≤70 s while stirring the solution at 400 rpm.
3. Results and discussion

3.1. Electroreduction of nitroxoline

DC-polarograms of 1×10−4 M nitroxoline in the B-R universal
buffer (pH 2–11) displayed two irreversible cathodic waves with
practically pH-independent limiting currents over the entire pH range
(Fig. 1). At concentrations lower than 5×10−6 M nitroxoline the
second wave practically disappeared.

The half-wave potentials (E1/2) of the two waves shifted to more
negative potentials upon the increase of pH of the medium, indicating
the involvement of protons in the electrode reaction and that the
proton-transfer reaction precedes the electron transfer process [12].
As indicated from the controlled-potential coulometry measurements
at a mercury pool cathode in the B-R universal buffer of various pH
values, the 1st wave was attributed to reduction of the –NO2 group to
the hydroxylamine stage via the consumption of 4 electrons per
analyte molecule [13,14]. Whereas, the 2nd wave was due to
reduction-saturation of the C = N double bond via the consumption
of 2 electrons per analyte molecule. Logarithmic analysis of the two
waves was performed by plotting the Ede versus log (i/il− i) [11] at
various pH values. Straight lines were obtained with the slope values
S1 (S1/mV=59/αna) reported in Table 1, from which values of αna

and the symmetry transfer coefficient α were evaluated at different
pH values (Table 1). The results confirmed the irreversible nature of
the electrode process of nitroxoline at the mercury electrode.

The E1/2–pH plots of the 1st and the 2nd waves were straight lines
of the slope values {S2/mV=59(ZH+/αna)} reported in Table 1. The
number of protons (ZH+) participated in the rate-determining stepwas
estimated as: {ZH+=S2/(59/αna)} [11]. Since, S1/mV=(59/αna),
the number of protons was estimated using the simplified relation:
ZH+=S2/S1 [15] and was found to equal one over the entire pH range
(Table 1). Furthermore, values of the symmetry transfer coefficient
(α) were determined at different ratios of (ZH+/na) using the equation:
α=(0.059/(ZH+/na) [11]. The ratio (ZH+/na) may have the value 2.0, 1.0
or 0.5, depending on if one or two electrons and one or two protons
are involved in the rate-determining step. As shown in Table 1, the
most probable values of theα-parameter denoted that the ratio (ZH+/na)
equals 0.5 (Table 1). This indicated that the number of electrons
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Table 1
DC-polarographic data for 1×10−4 M nitroxoline in the B–R universal buffer of various
pH values; 25 °C.

pH S1/
mV

αna α
(na=2)

S2/
mV

ZH+

(S2/S1)
α

ZH+/na

2 1 0.5

1st wave
4 86 0.69 0.35 83 0.97 1.42 0.71 0.36
5 81 0.73 0.37 1.03
8 71 0.83 0.42 1.17
10 69 0.86 0.43 1.20

ZH+≈1
2nd wave
4 77 0.77 0.39 80 1.04 1.48 0.74 0.37
5 70 0.84 0.42 1.18
8 67 0.88 0.44 1.19
10 66 0.89 0.45 1.21

ZH+≈1

Fig. 3. Cyclic voltammogramsof 5×10−7 Mnitroxoline in theB–Runiversal buffer of pH2
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involved in the rate-determiningstep is double that of theprotons. Since
ZH+=1, value of na should equal two (na=2).
recorded following its preconcentration onto the HMDE at open circuit conditions (a) and
at Eacc=−0.1 V (versus Ag/AgCl/KCls) for 30 s: 1st cycle (b) and 2nd cycle (c); scan
rate=100 mV s−1.
3.2. Adsorptive behavior of nitroxoline

Cyclic voltammograms of 1×10−4 M nitroxoline at the HMDEwas
studied in the B-R universal buffer of different pH values (2–11) at
different sweep rates (50–500 mV s−1). The voltammograms dis-
played two irreversible cathodic peaks over the entire pH range
(Fig. 2). At concentrations lower than 1×10−6 M nitroxoline the
second peak disappeared which is a behavior similar to that observed
by dc-polarography.

The adsorptive character of nitroxoline onto the mercury surface was
identifiedby recordingcyclic voltammogramsof5×10−7 Mnitroxolineat
100 mV s−1 in the B-R universal buffer of pH 2 following its preconcen-
tration onto the HMDE under open circuit conditions (Fig. 3, curve a) and
at a potential (Eacc) of −0.1 V (versus Ag/AgCl/KCls) for 30 s (Fig. 3, 1st
cycle b and 2nd cycle c). The markedly enhanced peak current (1st cycle,
curve b) was attributed to the adsorption of nitroxoline onto the HMDE.
While, in the 2nd cycle (curve c) the voltammogram exhibited no any
well-defined peak which may be attributed to desorption of the
nitroxoline from the mercury electrode surface.
Fig. 2. Cyclic voltammograms of 1×10−4 M nitroxoline in the B–R universal buffer of
pH 2 at different scan rates.
Furthermore, logarithm of peak current (ip) versus logarithm of scan
rates (ν) was a straight line; its corresponding regression equation was:
log (ip/μA)=0.95±0.01 log (ν/mV s−1)+1.43±0.002 (r=0.999 and
n=5). Its slope value {0.95±0.01 (μAmV−1 s} is very close to the
expected theoretical value 1.0 for an ideal reaction of surface species [16].
The electrode surface coverage Γo/(mol cm−2) of nitroxoline in the B-R
universal buffer of pH 2 was calculated using the equation: Γo=Q/nFA,
where Q is the charge consumed by the surface process which estimated
by the integration of the area under the cathodic peak corrected to the
residual current [17], n is the number of electrons consumed in the
reduction of the -NO2 group to the hydroxylamine stage via the
consumption of 4 electrons (n=4), F is the Faraday constant and A is
the surface area of the working electrode (0.026 cm2). On dividing the
amount of charge (Q) consumed by the surface process, 2.872 μC, by the
conversion factor nFA (10034.65×106 μC), amonolayer surface coverage
of 2.86×10−10 mol cm−2 was obtained. Each adsorbed nitroxoline
molecule thus occupied an area of 0.58 nm2.

According to the foregoing results, the electrode reaction of
nitroxoline at the mercury electrode can be expressed as shown in
the following Scheme 2:
Scheme 2. Electrode reaction of nitroxoline at the mercury electrode.
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Fig. 4. Effect of preconcentration potential (Eacc) on peak currents of 1×10−7 M
nitroxoline in theB–Runiversal buffer ofpH2; tacc=30 susing: (a)DP-AdCSV, (b) LS-AdCSV
and (c) SW-AdCSV.

Fig. 5. Effect of preconcentration time (tacc) on SW-AdCSV peak current of nitroxoline:
(a) 1×10−7; (b) 5×10−8 and (c) 1×10−8 M nitroxoline in the B–R universal buffer of
pH 2 at Eacc=−0.1 V, Ea=25 mV, f=120 Hz and ΔEs=10 mV.
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3.3. Analytical studies

3.3.1. DC-polarographic method
DC-polarograms of different concentrations of nitroxoline were

recorded in the B-R universal buffer of pH 2. A linear variation of the
limiting current (il) with nitroxoline concentration (C) was obtained
within the concentration range1×10−6 to9×10−3 M. Its corresponding
regression equation was: il/μA=0.0226±0.012 C/μM+0.014±0.0023
(r=0.99 and n=9). The ratio (il/C) for the different concentra-
tions (1×10−6 to 9×10−3 M) of nitroxoline was practically constant
(il/C=2.25) indicating the reliability of described DC-polarographic
method for analysis of bulk nitroxoline. For analysis of 6×10−5 M bulk
nitroxoline, a mean percentage recovery of 104±1.41 (n=3)
was achieved. Limits of detection (LOD) and quantification (LOQ) of
3.05×10−7 M and 1.02×10−6 M nitroxoline, respectively, were esti-
mated using the expression: [18]: k S·D/b, where k=3 and 10 in cases of
LOD and LOQ, respectively, S.D. is the standard deviation of the intercept
of calibration curves (or the blank) and b is the slope of the calibration
curve.

3.3.2. Stripping voltammetric methods
Voltammograms of 1×10−7 M bulk nitroxoline in the B-R

universal buffer (pH 2−11) were recorded using different potential
waveforms (linear-sweep LS, differential-pulse DP and square-wave
SW) following its preconcentration onto the HMDE by adsorptive
accumulation at −0.05 V (versus Ag/AgCl/KCls) for 30 s. The voltam-
mograms exhibited a single peak over the entire pH range due to the
reduction of -NO2 group to the hydroxylamine stage. A sharp and
better enhanced peak was achieved in the B-R universal buffer of pH
2; which was chosen as a supporting electrolyte for the rest of the
analytical study.

3.3.2.1. Linear-sweep stripping voltammetry method. The optimum
operational conditions for determination of nitroxoline using linear-
sweep adsorptive cathodic stripping voltammetry (LS-AdCSV) were
identified. This was performed by studying the effect of each of scan
rate ν (20-100 mV s−1), preconcentration potential Eacc. (0.0
to −0.2 V), and preconcentration time tacc (0 to 100 s), on the peak
current magnitude (ip) of 1×10−7 M nitroxoline. A better developed
peak current magnitude was achieved under the optimized opera-
tional conditions of: Eacc=−0.1 V (Fig. 4, curve b), tacc.≤70 s and
ν=100 mV s−1 using the B-R universal buffer of pH 2 as a supporting
electrolyte.

3.3.2.2. Differential-pulse stripping voltammetry method. The optimum
operational conditions for determination of nitroxoline in the B-R
universal buffer of pH 2 using differential-pulse adsorptive cathodic
stripping voltammetry (DP-AdCSV) were identified. This was per-
formed by studying the effect of each of pulse-height Ea (5 to 50 mV),
scan rate v (2 to 20 mV s−1), and preconcentration potential Eacc (0.0
to −0.2 V) on the peak current magnitude of 1×10−7 M nitroxoline.
A sharp and better developed peak current was achieved under the
optimum operational conditions of: pulse-height Ea=25 mV, scan
rate=10 mV s−1, Eacc=–0.1 V (versus Ag/AgCl/KCls) (Fig. 4, curve a)
and tacc≤70 s using the B-R universal buffer of pH 2 as a supporting
electrolyte.

3.3.2.3. Square-wave stripping voltammetry method. Similarly, the
optimum operational conditions for determination of nitroxoline in
the B–R universal buffer of pH 2 using square-wave adsorptive
cathodic stripping voltammetry (SW-AdCSV) were identified. This
was carried out by studying the effect of each of the pulse-parameters
(frequency ƒ, 10 to 120 Hz, pulse–amplitude Ea, 10 to 100 mV and scan
increment ΔEs, 2 to 10 mV) and preconcentration potential Eacc (0.0
to −0.2 V) on the peak current magnitude of 1×10−7 M nitroxoline.
Besides, effect of preconcentration time tacc (0 to 120 s) on the peak
current magnitudes of various concentrations of nitroxoline (1×10−8,
5×10−8 and 1×10−7 M) was studied. The obtained results indicated
that a sharp and better enhanced peak was achieved by SW-AdCSV
method under the operational conditions of: ƒ=120 Hz, Ea=25mV,
ΔEs=10 mV, Eacc=−0.1 V (versus Ag/AgCl/KCls) (Fig. 4, curve c), and
tacc≤70 s (Fig. 5) using the B–R universal buffer of pH 2 as a supporting
electrolyte.

3.4. Method validation

3.4.1. Linearity, LOD and LOQ
Adsorptive stripping voltammograms of various concentrations of

nitroxoline were recorded under the optimized operational condi-
tions of the developed LS-AdCSV, DP-AdCSV and SW-AdCSV methods.
Linear variations of the peak currents (ip) with concentrations (C) of
bulk nitroxoline were obtained by the developed LS-AdCSV, DP-
AdCSV and SW-AdCSV methods. Characteristics of the calibration
curves at preconcentration times of 30 and 70 s and the achieved
limits of detection (LOD) and quantitation (LOQ) [18] by means of the
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Table 3
Intra- and inter-dye analysis of 5×10−8 M bulk nitroxoline by the developed stripping
voltammetric methods (n=3).

Method Intra-day Inter-day

% R S.D. Accuracy Precision % R S.D. Accuracy Precision

RE % RSD % RE % RSD %

LS-AdCSV 98.8 0.11 −1.2 2.3 97.2 0.13 −2.8 2.60
DP-AdCSV 103 0.01 3.0 0.2 96.8 0.10 −3.2 2.1
SW-AdCSV 99.2 0.05 −0.8 1.0 98.6 0.09 −1.4 1.87
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developed stripping voltammetric methods are reported in Table 2.
The results shown in Table 2 indicated the reliability of the developed
stripping voltammetric methods for determination of nitroxoline.

3.4.2. Reproducibility, repeatability, accuracy and precision
These were examined by determination of 1×10−7 M nitroxoline

using the developed LS-AdCSV, DP-AdCSV, and SW-AdCSV methods.
The determination was examined by performing three replicate
analysis of standard solutions of bulk nitroxoline over one day (intra-
day assay) and for three successive days (inter-day assay) [19]. The
mean percentage recoveries (%R) were estimated as percent of the
nominal concentrations in the standard solutions and precision was
assessed from the relative standard deviations (RSD) in % of the mean
recoveries. The obtained results shown in Table 3 confirmed the
reproducibility, repeatability, accuracy and precision of determination
of nitroxoline by means of the developed stripping voltammetric
methods within the linear ranges (Table 2).

3.4.3. Robustness and ruggedness
The robustness [19] of the developed stripping voltammetric

methods was examined by studying the effect of variation of some of
the neck operational conditions such as pH (2 and 2.5), preconcen-
tration potential (−0.1 and −0.15 V) and preconcentration time (70
and 75 s). The obtained mean percentage recoveries (%R) based on
three replicate measurements under the studied conditions were:
98.76±1.28 to 97.56±1.11. Since the mean percentage recoveries
obtained under the studied operational conditions were insignifi-
cantly affected, the developed adsorptive stripping voltammetric
methods are reliable for determination of nitroxoline and could be
considered robust.

Ruggedness [19] of measurements was also examined by applying
the developed stripping voltammetric methods for determination
of nitroxoline using two different potentiostats, Model 273-PAR, Lab. 1
(%R = 98.40±0.05) and Model 263A-PAR, Lab. 2 (%R = 97.83±0.24).
Since insignificant differences in themean percentage recoveries or the
relative standard deviations were noticed, the developed adsorptive
stripping voltammetric methods could be considered rugged.

3.4.4. Interference
Interference from excipients (lactose, starch, gelatin, talc and

magnesium stearate) usually present in various pharmaceutical
preparations [19] was examined. This was performed by analysis of
1×10−7 M bulk nitroxoline standard solution (excipients are absent)
and then a standard solution of Nibiol® tablets containing 1×10−7 M
nitroxoline HCl (excipients are present) by means of each of the
developed stripping voltammetric methods following preconcentra-
tion by adsorptive accumulation onto the HMDE at −0.1 V for 70 s in
both cases. The obtained results by mean of LS-, DP-, and SW-AdCS
voltammetric methods indicated that insignificant differences from
excipients in the recoveries or the relative standard deviations were
noticed in the absence of excipents (98.45±1.42, 98.58±2.34 and
Table 2
Characteristics of calibration curves for determination of bulk nitroxoline by the developed

Method/tacc Linearity range (M) Regression equation ip/μA=(b±S

LS-AdCSV
30 s 3.0×10−8–7×10−7 ip=6.26±0.013 C+0.24±0.019
70 s 9.0×10−9–1×10−7 ip=16.65±0.005 C+0.01±0.01

DP-AdCSV
30 s 9.0×10−8–1×10−6 ip=5.26±0.015 C+0.34±0.048
70 s 3.0×10−8–5×10−7 ip=15.42±0.003C–0.12±0.047

SW-AdCSV
30 s 3.0×10−9–7×10−7 ip=13.26±0.002C+0.32±0.004
70 s 9.0×10−10–3×10−7 ip=131.63±0.003C–0.42±0.012
99.27±1.55) and in their presence (98.12±2.82, 98.49±1.94 and
98.88±1.87).

3.5. Applications

3.5.1. Analysis of “Nibiol® tablets”
The developed DC-polarographic (DCP) and stripping voltammet-

ric (LS-AdCSV, DP-AdCSV and SW-AdCSV) methods were successfully
applied for determination of 1×10−5 M and 1×10−7 M nitroxoline,
respectively, in its pharmaceutical formulation (Nibiol® tablets)
without the necessity for samples pretreatment or time-consuming
extraction steps prior to the analysis.

The satisfactory results obtained by means of the developed DC-
polarographic and adsorptive stripping voltammetric methods using
both the calibration curve and standard addition [20] methods
(Table 4) were statistically compared with those obtained by a
reported RP-HPLC method [3]. The calculated F-values did not exceed
the theoretical ones (Table 4), which means that there is an
insignificant difference between the developed electroanalytical and
the reported RP-HPLC [3] methods with respect to reproducibility
[21]. Also, insignificant differences were noticed between the
developed and reported methods regarding the accuracy and
precision as revealed by t-test [21].

3.5.2. Analysis of spiked human serum
This was performed by means of the developed LS-AdCSV, DP-

AdCSV and SW-AdCSV methods following its preconcentration onto
the HMDE at−0.1 V (versus Ag/AgCl/KCls) for tacc=30 s (since at the
optimum tacc of 70−80 s the endogenous components in serum
constituents make damping of the current than that in bulk). The
analysis was carried out without the necessity for sample pretreat-
ment or time-consuming extraction steps, other than the centrifugal
separation of precipitated proteins from the serum samples by
methanol, prior to analysis of the drug. Representative SW-AdCS
voltammograms of different concentrations of nitroxoline spiked in
human serum are shown in Fig. 6(A); its calibration curve is shown in
Fig. 6(B). No interfering peaks were observed in the blank human
serum within the studied potential range, (Fig. 6(A), curve a).

Linear variations of the peak currents (ip) of LS-AdCSV, DP-AdCSV
and SW-AdCSV with concentrations (C) of nitroxoline spiked in human
stripping voltammetric methods.

.D.) C/μM+a±S.D. (r) LOD (M) LOQ (M)

0.992 9.12×10−9 3.04×10−8

5 0.996 2.70×10−9 9.01×10−9

0.990 2.74×10−8 9.13×10−8

0.995 9.15×10−9 3.05×10−8

0.994 9.06×10−10 3.02×10−9

0.998 2.74×10−10 9.12×10−10



Table 4
Assay of standard solutions of nitroxoline in its formulation (Nibiol® tabets) by means
of the developed DCP (1×10−6 M nitroxoline), stripping voltammetric and a reported
RP-HPLC (1×10−7 M nitroxoline) method [3]; (n=4).

Method (% R±RSD) F-value and t-test

(A) (B) (A) (B)

DCP 98.42±1.78 98.68±1.67 1.78 and 1.56 1.16 and 1.40
LS-AdCSV 98.99±1.38 99.22±1.24 0.59 and 1.24 2.04 and 1.07
DP-AdCSV 99.45±1.55 98.08±1.45 1.35 and 0.80 1.54 and 1.99
SW-AdCSV 99.88±1.47 99.34±1.62 1.50 and 0.45 1.62 and 0.88
RP-HPLC [3] 100.40±1.80

(A) Calibration curve method and (B) standard addition method.
The theoretical values of F and t-test at 95% confidence limit (for n1=4 and n2=4) are
6.6 and 2.45, respectively.

Fig. 7. Mean plasma concentration–time profiles for two male subjects following the
administration of an oral dose of Nibiol® tablet (100 mg nitroxoline), obtained applying
the developed SW-AdCS method.
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serumwereobtainedover the concentration ranges 5×10−8−7×10−7,
3×10−7−5×10−6 and1×10−8−4×10−7 Mnitroxoline, respectively.
Their corresponding regression equationswere: (ip/μA=0.46±0.012 C/
μM+0.21±0.0023), (ip/μA=0.33±0.011 C/μM+0.09±0.01) and (ip/
μA=5.90±0.030 C/μM+0.04±0.006), respectively. Limits of detec-
tion (LOD) of 1.5×10−8, 9.09×10−8 and 3.06×10−9 M and limits of
quantitation of 5.0×10−8, 3.03×10−7 and 1.02×10−8 M nitroxoline
spiked in human serum were achieved by means of the developed LS-
AdCSV, DP-AdCSV and SW-AdCSV methods, respectively.
The obtained mean recoveries and relative standard deviations of
98.87±2.53, 99.54±2.22, and99.26±1.05 indicated goodaccuracyand
precision of measurements by means of the described LS-AdCSV, DP-
AdCSV, and SW-AdCSV methods, respectively.

3.5.3. Pharmacokinetic study
A pharmacokinetic study was performed on the plasma samples of

two healthy male volunteers following the administration of an oral
dose of Nibiol® tablet (100 mg nitroxoline). Peaks of nitroxoline in
plasma samples as recorded under the optimum operational condi-
tions by means of the developed SW-AdCSV method were of good
shape and no additional peak was interfered with that of the analyte.
The obtained plasma concentration–time profiles are shown in Fig. 7.
Fig. 6. (A): Representative SW-AdCS voltammograms in the B–R universal buffer of pH 2 for diff
(c) 6×10−8; (d) 8×10−8; (e) 1×10−7 M; (f) 1.5×10−7; and (g) 2×10−7 M. (B): Plot of pe
tacc=30 s, Eacc=−0.1 V (versus Ag/AgCl/KCls), f=120 Hz, ΔEs=10mV and Ea=25mV.
The following parameters were assessed for the period of 0–24 h:
area under the plasma concentration–time curves from time zero to
the last measurable sample time (AUC0–24) and to infinity (AUC0–∞);
maximum plasma concentration (Cmax); time of the maximum
concentration (tmax); elimination constant (Kel) and elimination
half-life time (t1/2), Table 5. The pharmacokinetic parameters
obtained by the developed SW-AdCSV method were in good
agreement with those previously reported [4].

4. Conclusions

Electroreduction of nitroxoline at the mercury electrode in
buffered solutions was studied and the electrode reaction was
suggested. DC-polarographic and various adsorptive cathodic strip-
ping voltammetric methods were developed for determination of
nitroxoline in different matrices. The sensitivity of the developed
methods increases in the direction: DCPbDP-AdCSVbLS-AdCSVbSW-
AdCSV. Analysis of the drug by means of the developed methods was
erent concentrations of nitroxoline spiked in human serum: (a) Background, (b) 4×10−8;
ak current ip versus concentration of nitroxoline [C Nitrox/μM] spiked in human serum;

image of Fig.�6
image of Fig.�7


Table 5
Pharmacokinetic parameters estimated for two male subjects (a and b) following the
administration of an oral dose of Nibiol® Tablet (100 mg nitroxoline) applying the
developed SW-AdCSV method.

Parameter/Unit Estimated valuesa

(a) (b)

Cmax (μg mL−1) 5.74 5.11
tmax (h) 2.0 1.50
AUC0–12 (μg h mL−1) 2.57 9.23
AUC0–∞ (μg h mL−1) 2.69 9.25
Kel (h−1) 0.37 0.46
t1/2 (h) 1.90 1.50

a Mean values of three measurements.
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performed without the necessity for samples pretreatments and / or
time-consuming extraction steps prior to analysis [3,4] or interaction
with any reagent during analysis [6], which considered advantageous
over the reported methods [3–6] for the assay of nitroxoline. The
developed stripping voltammetric methods are suitable for determi-
nation of nitroxoline in quality control and clinical laboratories.
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