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Abstract

A linear sweep stripping voltammetric (LSSV) method has been researched and developed for simultaneous quantitative determination ¢
mixtures of three antibiotic drugs, ofloxacin, norfloxacin and ciprofloxacin. It relies on reductive reaction of the antibiotics at a mercury electrode
in a Britton—Robinson buffer (pH 3.78). The voltammograms of these three compounds overlap strongly, and show non-linear character. Thus, |
is difficult to analyse the compounds individually in their mixtures. In this work, chemometrics methods such as classical least squares (CLS).
principal component regression (PCR), partial least squares (PLS) and radial basis function-artificial neural networks (RBF-ANN) were applied
for the simultaneous determination of these compounds. The prediction performance of the calibration models constructed on the basis of the
methods was compared. It was shown that satisfactory quantitative results were obtained with the use of the RBF-ANN calibration model relative
prediction error (RPE of 8.1% and an average recovery of 101%. This method is able to accommodate non-linear data quite well. The proposed
analytical method based on LSSV was applied for the analysis of ofloxacin, norfloxacin and ciprofloxacin antibiotics in bird feedstuffs and their
spiked samples, as well as in eye drops with satisfactory results.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline-car-
boxylic acid] were investigated and quantitatively analysed by
Fluoroquinolones are important antibacterial agents develvoltammetric methods.
oped in the 1980s, and have many applications in veterinary and Many methods have been developed for the determination of
human medicine. The pharmaceuticals have a broad spectrunfioxacin, ciprofloxacin and norfloxacin including spectropho-
of activity and good oral absorptiofil]. These drugs are tometric method§—6], high-performance liquid chromatogra-
bactericidal over a wide range of therapeutically achievablghy (HPLC)[7-9], fluorescence methofits0—12]and capillary
concentrations, and act via selective inhibition of bacterial DNAelectrophoresig13—-15]. Of these methods, HPLC has been
synthesis. They have a broad range of action against both Gramddely applied because of its high sensitivity and selectivity
negative and Gram-positive bactefa3]. In this work, three and the ability to minimize interferences. Generally, linear cali-
important fluoroquinolones (Fig. 1), ofloxacin [9-fluoro-2,3- bration may be obtained over the range of 0.1-4@®l~! with
dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyri- mean recovery of 9F 6% [8].
do-[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid], ciproflo- Electrochemical methods, such as polarography and voltam-
xacin [1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-pipera- metry have high sensitivity and are widely used in many areas
zinyl)-3-quinolinecarboxylic acid] and norfloxacin [1-ethyl- of analytical chemistry. Over the last 15 years, direct determi-
nation of ofloxacin, ciprofloxacin and norfloxacin as individual
analytes, has been investigated by these two techniques with
* Corresponding author. polarographic methods being favoured in the early 1990s. Thus,
E-mail address: ynni@ncu.edu.cn (Y. Ni). in 1990, a differential pulse polarographic (DPP) investiga-
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Fig. 1. Chemical structures of the antibiotics, ofloxacin, ciprofloxacin and norfloxacin.

tion of ciprofloxacin dissolved in Britton—Robinson buffer of the concentration over the range<80~* to 2 x 10-°mol =1
pH 8.5 showed two reduction waves atl.44 and—1.64V.  ith a limit of detection of 4« 10~®molI~1. Rizk et al.[21]

The former wave was shown to be useful for the determinagpplied DPP technique for the determination of ofloxacin in
tion of the concentration of ciprofloxacin betweer 80" and ts pure form, medicinal preparations and biological fluids. The
3 x 10~>mol I7%; the method was also applied for the determi-rejationship between current and concentration was found to be
nation of ciprofloxacinin formulated tablets, and the results indijinear over the range § 10°to 5x 104 moll~1and 1x 10>

cated a relative standard deviation of less than J¥8h Inthe  to 5 x 10~4 mol I~-! using the DGand DPP modes, respectively.
same year, an adsorption stripping voltammetry (ASV) study otshoneim et al[22] reported that in acetate buffer of pH 5.0, the
the determination of ofloxacin was reporféd@]. The compound  adsorptive and electrochemical behaviour of norfloxacin on a
was also dissolved in a Britton—-Robinson buffer (pH 6.00), andylassy carbon electrode were studied using CV and square wave
a well-defined stripping peak was observed with a peak potenyoltammetry (SWV). The peak current of norfloxacin was lin-
tial of —1.675V (versus Ag/AgCI). A pre-concentration step ear with the concentration in the range of 5¢&ml~1, and

of 60s at—1.0V, led to the development of a linear calibra- the detection limit was 1.kg mi~L. In general, it can be shown
tion model in the concentration range of 0.079-19@%nI"%.  that voltammetric and polarographic methods will give similar
This method was applied for the determination of ofloxacingr higher sensitivity as compared to the HPLC metf&jd

tablets with satisfactory results. In the mid-1990s, Jaber and As described above each of the three antibiotic drugs,
Lounici[18] investigated the fluoroquinolone, norfloxacin, with ofloxacin, norfloxacin and ciprofloxacin, will give well-defined
the use of direct current polarography (DCP) and differential,oltammetric waves in a suitable medium. However, these drugs
pulse polarography. A reduction peak for this compound wagre sometimes used in mixtuf&$, and several studies have indi-
obtained from solutions in different electrolytes over a pH rangesated the presence of their residues in municipal wastewater and
of less than 1-10 as well as in highly alkaline solutions ofsyrface water§23], live animals and animal produci4]. In

0.1 mol " NaOH. The same authdk9] applied cyclic voltam-  such samples, measured voltammograms from the three antibi-
metry (CV) to study the adsorptive processes of norfloxacin at atic analytes would overlap significantly. Thus, it is difficult or
hanging mercury drop electrode (HMDE) in several electrolytesndeed impossible to determine the analytes individually from
with pH <9. Three differential pulse cathodic stripping voltam- their mixtures by conventional means without a pre-separation.
metry (DPCSV) waves were observed from solutions of various |n general, multivariate calibration methods have the abil-
electrolytes over a potential range-e1.02 to—1.54 V withthe ity to resolve overlapping peaks, and electrochemical responses
one at—1.02V being the most sensitive. Satisfactory linear calin particular, leading to satisfactory prediction results. Thus,
ibration models were obtained over two concentration ranges abuiberteau et a[25] resolved the overlapping differential pulse
0.32-900 ngt* and 0.32-65ug I™*. In subsequent years, Zhou voltammetric (DPV) signals from a mixture of two carbamate
and Par{20] reported that a linear sweep voltammetric (LSV) pesticides carbaryl and carbofuran with the aid of chemometrics.
peak of ofloxacin was obtained at1.343V (versus SCE) in  Partial least squares (PLS) and classical least squares (CLS)
Britton—Robinson buffer (pH 4.00). The characteristics of themethods were examined for the resolution of the overlapped
peak and the mechanism of the reduction process were stugeaks of both compounds in mixtures, and it was found that
ied with the results showing that the electrochemical procesghe PLS-1 method gave the best results with a relative error of
of ofloxacin was irreversible, and displayed adsorption charagprediction (%RPE) of 8.2% and 5.1% for the prepared binary
teristics at the electrode. The peak current was proportional tgixtures of carbaryl and carbofuran, respectively. Navalon et



218 Y. Ni et al. / Talanta 69 (2006) 216-225

al. [26] reported the application of principal component regres- In this paper, we describe the research and development of an
sion (PCR) to resolve the ASV voltammograms of enrofloxacinanalytical method for simultaneous determination of ofloxacin,
in the presence of its metabolically derived, ciprofloxacin. Theciprofloxacin and norfloxacin antibiotics with the use of linear
linear concentration ranges of application for enrofloxacin weresweep stripping voltammetry (LSSV) at an HMDE, with the aid
4-25ngmt?! and 18-55ng mi! by using a pre-concentration of different chemometrics methods for prediction of the analytes,
potential of—0.3 V and 180 s or 60 s accumulation time, respec4including CLS, PLS, PCR, and ANN.

tively. Ni et al.[27] applied multivariate calibration methods for

the determination of nitrobenzene and nitro-substituted phenols Theory of the chemometrics methods

by differential pulse voltammetry, and determination of chlor-

promazine hydrochloride and promethazine hydrochloride by In electrochemical techniques such as LSSV, the measured
differential pulse stripping voltammetry (DPSY38] in both  current;; at a given potential is proportional to the analyte con-
cases with satisfactory prediction results. In the case of theentration over a given concentration range. Thus, in the absence
group of industrially important chemicals—the nitro-phenolsof interactions between the different components of a mixture
PLS and PCR modeling gave %RP#alues of approximately of n electroactive species,

10 with LODs in the order of 3.g1~1. Similarly, with the phar- .
maceuticals, chlorpromazine and promethazine hydrochlorides, _ , L .
applying the same chemometrics modeling methods, the %RPE/ ~ koj + Zk’fc‘ tep (7=12....9) (1)
were about 5 with LODs in the order of 4@ 1-1. Guiberteau =1
Cabanillas et al[29] used PLS and artificial neural networks wherek;; is the proportional coefficient for componeit poten-
(ANN) to determine binary mixtures of atrazine—simazine andial pointj (totals points are selected) akg} is the corresponding
terbutryn—prometryn by DPP techniques in the concentratiotbackground. Leto =1 and mergéo; into the main term; E((1)
ranges of 5< 10~7 to 5x 10~ ¥ mol I~ with LODs of 9.4, 5.2,  can further be simply written as:

7.2 and 4.4 molt! for atrazine, simazine, terbutryn and prome-

tryn, respectively. In comparison to the PLS modeling, the ANNl = Zkljcl +e (j=1,2...,5) 2)
calibration method notably improved the results for terbutryn P

and prometryn, and yielded a significant decrease in the R.S.D.

For atrazine and simazine an insignificant slight decrease in the 'f 7 standard samples are prepared, @jjcan be extended
R.S.D. was found. Simons et 4B0] applied singular value and expressed in matrix form:

deco_mposition (SVD) gnd ANN techr_1ique_s to resolve t_hg overy = _ Conxri)Kn1)xs + Emxs 3)
lapping voltammetric signals of solution mixtures consisting of
two nitrophenols with two disk electrodes (gold and rhodium).where the first row in matriX represents the background vec-

In their experiments, measurements were made on 117 solutiot@r. According to this equation, it is possible to determine the
in order to obtain stable ANN model. Carvalho et[8ll] used components individually by suitable chemometrics methods. In
ANN to model overlapped DPV peaks with modified carbonthis work, the electrochemical data were treated by multivariate
fiber electrode of binary mixtures of catechol and hydroquinonegalibration methods, such as CLS, PLS, and PCR. The theory
in the concentration range of 1010~ to 6.0x 10~*mol |1 and applications of all these methods are well documented in
with root mean square errors of predictions (%oRMSEP) of 7.42he literaturd35—38].

and 8.02, respectively. Gutes et @2] applied ANN to deter- Classical least squares, which has often been labeled as the
mine phenolic compounds with biosensor measurements witK matrix method, is a common multivariate calibration method
good prediction results. Sarabia et 3] developed a new that uses multiple linear regression (MLR) techniques and has
methodology for complex matrices, based on a neural networlheen used for quantitative spectral analysis. This method has
to determine the detection capability of an analytical proceduregenerally presumed that there is a linear relationship between the
The procedure was applied to the polarographic determination aésponse signal and component concentrations. In addition, this
TI(1)/Pb(Il) mixtures, and indomethacin/tenoxicam mixtures. Ni method has a calibration step where the relationship between the
et al.[34] reported an application of chemometrics for the simul-measured data and component concentrations is estimated from
taneous determination of three organophosphorus pesticides hyset of reference samples. This step is followed by prediction in
DPSV including methods such as PCR, PLS, Kalman filtewhich the results of the calibration are used to predict or estimate
(KF), and ANN in concentration range of 15661~1. The  the component concentrations from the ‘unknown’ sample data.
best performing method was ANN (%RPE-approximately A major disadvantage of CLS is that all interfering chemical

9; %recovery—approximately 100 and LODs in the order ofcomponents in the spectral region of interest need to be known
5ugl~1) with quite uniform figures of merit for the predic- and included in the calibration.

tion of individual analytes. On the other hand, PLS performed Another two important multivariate calibration methods, par-
much more erratically on the same basis resulting in signiftial least squares and principal component regression, were also
icantly higher figures of merit, and the other three methodspplied for analysis of the overlapping voltammetric signals in
performed unsatisfactorily. This work illustrated the power ofthis work. PLS and PCR are factor analysis multivariate statis-
ANN to model non-linear responses, and this issue was exploreital tools, which have many of the full-spectrum advantages of
in this paper. the CLS method, and have been successfully applied to anal-
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ysis of multicomponent mixtures. Early PCR modeling harksa pass-through input layer, a hidden layer and an output layer.
back to the work of Gunst and Mas§89], Mandel[40] and A different approach for modeling the data is used as compared
Joliffe [41], while for PLS, Wold'’s pioneering work in chemo- to that with the back propagation (BP) algorithm, a detailed
metrics[42,43]was quickly followed by that of others such as description of which can be found elsewhgté,48]. The trans-
Lindberg et al[44], Geladi and KowalsKi38] and Lorber etal. fer function in the hidden layer of RBF networks is called a
[45]. Thomas and Haalan@7] have compared different mul- kernel or basis function, and thus, each node in the hidden unit
tivariate calibration methods for the resolution of overlappingcontains a kernel function. The main difference between the
signals and quantitative analysis. Like CLS, PLS and PCR neetlansfer function in BP network and the kernel function in the
a calibration step where the models for the measured data afBF network is that the latter (usually a Gaussian function)
the component concentrations are deduced from a set of stadefines an ellipsoid in the input space. RBF networks divide the
dards, followed by a prediction step in which the concentrationgnput space into hyperspheres by means of the kernel function
of the unknown are estimated from the sample measured dataith specified widths and centres. The output of a hidden unit
Both of these methods involve spectral matrices decompositiorfior a Gaussian kernel function is defined as:

The PCR decomposition is based entirely on response variations

1N 2
without regard for the component concentrations. output = o(x) = exp [_ (lx_CJ|> ] (8)
d
Lyxs = TmxaPlig = Ztip,-T +E (4)  where|x — ¢;| is the Euclidean distance between the input vec-
i=1 tor, x, and¢;, the centroid of the Gaussian kernel function.

whereT andP" are the score and loading matriced afespec- The parameted, represents the width of the Gaussian func-
tively. PCR decomposition is significantly influenced by varia-1on- s ce_ntr0|d5q,~, and the W'.dth.b«/ of all the hidden units
tions, which have no relevance to the analyte concentrations. Itrqgether define th? so-called activation space to perform the non-
this method, the following relationship between scBband the linear transformatlon, where the Gaussian function has a va!ue
concentration matri€ can be established: larger than a given threshold value. The output of these hid-
den nodesy;, is then forwarded to all output nodes through
Chxn =TmxaGaxn (5) weighted connections. The outpytof these nodes consists of

. . -~ . . a linear combination of the kernel function:
wheregG is the regression coefficient matrix, and it can be cal-

culated by least squares meth@= (T"T)~177C. It is noted = 9
that, as compared with CLS, for PCR and PLS of factor analyy/ - Zw],o,(x) ©)
sis based methods, the last columrCiis omitted. In PLS, the i=1

response signal decomposition is weighted to the concentratiomherew ;; represents the weights of the connections between the

Corresponding to Eq4), matrixC can be decomposed to: hidden layer and output layef.
d .
Crixn = Unxa le i= Z”i‘liT +F ©) 3. Experimental

=t 3.1. Reagents
wherelU andQ" are the score and loading matrices@respec-
tively. The two matrices] andC, are correlated by their scores  Stock solutions of ofloxacin, ciprofloxacin and norfloxacin
T andU, for each latent variable, as follows: (500mg 1) were prepared by dissolving the appropriate
u; = bit; ) amount of each compound in a small amount of 0.1 mbl|
hydrochloric acid, and diluted to 100 ml with distilled water.

whereb; is the regression coefficient for théatent variable. Britton—Robinson buffers were prepared by adding different

The major difference in the predictive abilities of these twoamounts (22.5 ml for pH 3.78) of sodium hydroxide solution
methods is that PLS seems to predict better than PCR when thef@2 mol 1) into 100 ml of mixed acid, containing 0.04 mofi
are random linear baselines or independently varying majoof each of boric acidgrtho-phosphoric acid and acetic acid. All
spectral components, which overlap with the spectral featureshemicals were analytical grade reagents and all the solutions
of the analysis. were prepared with doubly distilled water.

This is not surprising when one considers that the PCR
decomposition of the spectral matrix is based entirelylon 3.2. Apparatus
variable variation, whereas PLS decomposition considers both
i- andc-criteria. It can also describe non-linear systems to some The linear sweep stripping voltammetry was carried out with
extent. This can be carried out either by incorporating a largea BAS 100B/W electrochemical analyzer (BAS) equipped with a
number of latent variables than would be required for a lineaPARC 303A cell stand (EG & G). Athree-electrode cell, contain-
system or with the use of non-linear or quadratic versions of théng a hanging mercury drop electrode as working electrode, an
algorithmg[46]. Ag/AgCl electrode as reference electrode and a platinum wire as

Radial basis function (RBF) network is an ANN model, which auxiliary electrode was employed for the electrochemical mea-
is a variant of the three-layer feed forward network. It containssurements. The pH measurements were performed on an Orion
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6 - ' ' T imental results showed that maximum peak current and well-
defined peak shapes were obtained when the LSSV technique
was employed. Therefore, LSSV was selected in this work.

5F Ofloxacin

Ciprofloxacin . . .
4.1. Selection of pH and supporting electrolyte

The effect of pH was examined on the reduction peak current
of ofloxacin, ciprofloxacin and norfloxacin voltammograms in
different Britton—Robinson buffers (pH 1.98—6.37). The results
showed that no obvious LSSV signals from these three antibi-
otics were observed when pH <2. Above pH 6 the peak shape of
7 the voltammograms was poor, and it was difficult to obtain any
quality results. The peak shapes were better defined in the pH
range 2—6, but the peak current behaviour was erratic, and max-
imum peak current for the three compounds was obtained at pH
3.78. The relationship of peak potential and pH was roughly lin-
Fig. 2. Linear sweep stripping voltammograms of ofloxacin (@.9%1%),  ear for all three compounds with peak potential shifting towards
ciprofloxacin  (0.09Gg ml—l). and norfloxacin  (0.10.g ml—l) in negative values with increase in pH.

Brltton‘—_Rob_lnson buffer solution (pH 3.78); depos_ltlon potent+a1000 mv, The effect of supporting electrolyte was examined with
deposition time: 30 s; scan rate: 140 m\tsnd solution’s rest time: 10s. . ) - ; . -

the use of different solutions, including Britton—Robinson,
SA 720 pH meter equipped with an Ag/AgCl glass combination@cetic a_cid—sodium aceta}te, s_,odium citrate—hydrochloric acid
pH electrode. All experiments were carried out af@5Data ~ and sodiumtartrate—tartaric acid buffers. Itwas found that for the
analysis was performed on a Pentium IV computer. Software dfiré€ pharmaceuticals, voltammograms of relatively high sensi-
RBF-ANN was employed with the use of the Neural Net\Norkt'Y'ty could be obtguned_m both Britton—Robinson gnd sodium
Toolbox, Matlab 6.5 (Mathworks) and other chemometrics pro_C|trate—hydrochlor|c acid buffers. However, relatively better

Norfloxacin

Current (UA)
w

Background

0 ! L L L
1100 1200 1300 1400 1500 1600
Potential (-mV)

grams were written in-house. defined peak shapes were recorded with the Britton—Robinson
buffer electrolyte. Variable results were observed with the other
3.3 Procedure buffers, e.g. with the sodium tartrate—tartaric acid buffer, peak

intensities were satisfactory for ofloxacin and nofloxacin but

Each sample solution contained an aliquot of either one of thevere relatively poor for ciprofloxacin, and with the acetic
antibiotics, ofloxacin, ciprofloxacin or norfloxacin or a mixture acid—-sodium acetate buffer, the results were acceptable only for
of these compounds, together with a Britton—Robinson buffeciprofloxacin. Thus, Britton—Robinson buffer at pH 3.78 was
(2.0ml, pH 3.78). Such a sample was transferred to an electr@elected as the electrolyte of choice.
chemical cell, and diluted to 10.0 ml with distilled water. This
solution was deoxygenated by purging with purified nitrogerd.2. Optimization of experimental parameters
gas for 200s, and then submitted to a pre-concentration step
at an HMDE set at a deposition potential €000 mV with The influence of deposition potential on the stripping reduc-
stirring for 30 s. The solution was then allowed to rest for 10 stion current was examined over the potential range-6D0
followed by a linear sweep stripping voltammetric scan (—1100o —1200 mV. With a shift to more negative deposition poten-
to —1600 mV) at the HMDE with a scan rate of 140mWs tials, peak currents of the fluoroquinolone antibiotics did not
The resulting voltammograms were electronically sampled athange significantly. Thus, a deposition potential-d000 mV
151 potential points in the range-6fLl200 to— 1500 mVat2mV  was selected for all the experimental work.
interval. Overlays of examples of the voltammograms (Fig. 2) The relationship between peak current of each compound
of the ofloxacin, ciprofloxacin and norfloxacin, show that theyand deposition time was also investigated. It was found that the
overlap strongly, and thus, if measured in mixtures, these antibpeak currentincreased with increasing deposition time. Also, the
otics could interfere with each other at the electrode giving ajuality of the peak shape of ciprofloxacin deteriorated when the

complex combined signal from the mixture. deposition time exceeded 30s, although the peaks of the other
two compounds remained well-defined. Therefore, a deposition
4. Results and discussion time of 30 s was selected for this work.

An investigation of the influence of scan rate on the peak

Several electrochemical techniques were investigated on theurrent found that the peak potential of each compound became
basis of peak intensity and peak shape of the electrocheminore negative with increasing scan rate from 40 to 200 m s
cal responses from the three analytes, ofloxacin, ciprofloxaciand the peak current of each analyte increased with the
and norfloxacin. These included: differential pulse voltammetryjncrease in the scan rate. The quality of the reduction peak
differential pulse stripping voltammetry, square wave voltamme-of ciprofloxacin became poor when the scan rate exceeded
try, square wave stripping voltammetry (SWSV), linear sweepl40 mV s'%, and thus, this value was chosen as the scan rate
voltammetry and linear sweep stripping voltammetry. The experfor this work.
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The netip behaviour as measured by LSV has been describethble 1
[49] as the sum of diffusion ;{idiff) and adsorption ﬁiadg cur- Parameters of linear calibration models for ofloxacin, ciprofloxacin and
rents at the electrode: norfloxacin

) ) ) Parameter Ofloxacin Ciprofloxacin ~ Norfloxacin
Ip = Ip,diff + Ip,ad
P p.d p.ads Number of samples (n) 10 9 9
3/213/2 252 Li it | | _
nol'cF ncF inear range (ng mi-) 0.024-0.240 0.032-0.288 0.020-0.180
— 0.446WAD1/ 2yt2e 4 arr VAT (10)  Slope (uAMIpg Y 333 186 23.8
Intercept (A) 3.21 2.06 1.22
whereA is the area of the electrodb; the diffusion coefficient; Standard deviation of slope ~ 0.319 0.281 0.416
v, the scan rate;, the concentration of the analyt€, the amount ~ Standard deviation of 0.048 0.051 0.047
H |ntercept
of the_adsorbed analyte, andR, F andT have their common Correlation coefficient 0.999 0.999 0.999
meanings. Detection limit (ugmt)2  0.006 0.011 0.008

The first term in Eq.(10) refers to the well-known — -
Randle—Sevcik relationship. which describes the diffusion- & Detection limit for all compounds were calculated according to the method
P, . . 8escribed in Miller and Millef50].
controlled process at the working electrode, while the secon
termrelates to the adsorption process and shows that in this case,

ip is directly proportional to the scan rateln the present work, can b_e observgd Ifig. 3a—c,_ the peak potential of pfloxacin
a?rpd ciprofloxacin strongly shifted towards the negative applied

rate was linear: potentials with increasing analyte concentration; however, the
. peak potential of norfloxacin shifted towards the positive applied

ip(ofloxacin)= 0.017v+2.301 (r= 0.989), potentials in the concentration range of 0.02—Q.g0nl~* but

ip(norfloxacin)= 0.007v+ 1.666 (r=0.998) and then turned in the negative direction with concentrations above

ip(ciprofloxacin)= 0.011v+ 3.851 (r= 0.989) 0.10ug mi~*.
Guiberteau Cabanillas et §b1,52] reported similar obser-

Thus, this result indicated that the electrochemical redUCtPOR}ations of non-linear behaviour for binary and ternary mixtures
process of these three compounds at the HMDE was mainlys nitrofurantoin, furazolidone and furaltadone, analysed by
adsorption-controlleg49]. DPP. The polarograms were generated by the irreversible elec-

trochemical reductions of the three compounds, and the peak
4.2.1. Investigation of ofloxacin, ciprofloxacin and potentials shifted to more negative values with increase in con-

norfloxacin by cyclic voltammetry o _ centration for each component.
The reduction process of ofloxacin, ciprofloxacin and nor-

floxacin was studied by cyclic voltammetry. Each of the voltam- iy L .

fthe three fl inol disolaved onl d 4.3.1. Prediction of ofloxacin, ciprofloxacin and
mogramio tdet reg .uoroquilgo one IS[II)( aye ortl) y one dreTLrj:':ﬁO rfloxacin in synthetic mixtures
Flodr? bea ;’:m r?o cl) woush OXIt at||on pea V\;as Oh s?r\ée ) bls For quantitative analysis of mixtures of ofloxacin,
Indicates that the electrochemical reaction of each of the ant Eiprofloxacin and norfloxacin, a calibration set was prepared
otics is irreversible.

according to the orthogonal array design method, in order to
extract maximum quantitative information efficiently. A four-
level orthogonal array design, denoted by{@@2) was selected

Quantitative analysis of individual fluoroquinolones WaS 53] and Table 2 shows the composition of the calibration
carried out according to the previously described exper-

imental procedure. The relationship of peak current andrablez
concentraﬂqn of each fluoroquinolone was fitted to a Il'n—CompOsition of calibration samples (ngTh)
ear regression model (Table 1). The linear concentration

4.2.2. Calibration curves and the limits of detection

ranges were 0.024-0.24Q mi-1, 0.032-0.28%.g mi—1 Samples Ofloxacin Ciprofloxacin Norfloxacin
and 0.020-0.18pgml~! for ofloxacin, ciprofloxacin and 1 0 40 24
norfloxacin, respectively. The detection limit values were 2 30 8 56
0.006, 0.011 and 0.0Q8ymI~! for ofloxacin, ciprofloxacin 3 gg ;gg 152“3
and norfloxacin, respectively, which compare well with the ¢ 60 0 55
detection limit obtained for the HPLC method with a UV ¢ 60 88 24
detector (ca. 0.0@gmi~1) [8]. Thus, these results clearly 7 60 144 200
indicate that the proposed electrochemical method of analysisg gg 228 23
is appropriate for the determination of individual fluoroqui- 10 % 88 200
nolones. 11 90 144 24
12 90 200 56
4.3. Non-linearity of the voltammograms 13 120 40 120
14 120 88 88
It is important to note that the linear calibration relation- 15 1;8 ;gg gi

ships were observed only at the actual peak potential, but as
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Fig. 3. Voltammograms of fluoroquinolone compounds as a function of concentration (})y Experimental conditions are ashiig. 2.

samples. The voltammograms of these samples containing migccording to the experimental procedure previously described,
tures of the antibiotics show serious overlapping of individualand different calibration models, based on CLS, PCR, PLS and
responses, and there are only small differences between theRBF-ANN methods, were established. To test and evaluate the
curves (Fig. 4). Such voltammograms were analysed by LSS¥rediction ability of these chemometrics models, a set of ten

10

]

1250 1300

Potential (-mV)

1350 1400 1450

1500

Fig. 4. Voltammograms of the prepared antibiotic mixtures &aisle 3(num-
bers correspond to the sample numbergahle 3).

synthetic verification mixtures containing the three compounds
was prepared (Table 3), and submitted for prediction by each
of the calibration models. The prediction ability was expressed
in terms of the relative prediction errors—R&tor individual

Table 3

Composition of verification samples (ngm)

Samples Ofloxacin Ciprofloxacin Norfloxacin
1 66 9% 52
2 66 56 112
3 108 184 80
4 108 136 28
5 42 184 52
6 42 56 80
7 84 184 112
8 84 9% 80
9 108 96 112

10 108 56 52
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Table 4 other recent work, on the voltammetric determination of three

Figures of merit for the different calibration models applied to the verification organophosphorus pesticides with the aid of PLS and RBF-ANN
set of the three antibiotics

[54].
Compounds RPE&(%) Over the last few years, we have been particularly inter-
LS PCR cLs RBE-ANN  ested in the research, and development of relatively uncompli-

Ofioxaci 108 (109 0.26(104)  128(105)  5.86 (105) cated analytical methods for the simultaneous determination of
oxacin . . . . . . . .

Ciprofloxacin 205 (107)  21.6 (113) 231(91.6) 835 (101) a}n.alytels of mdustn'al, envwgnmental, pharmacgutlcal and pes-
Norfloxacin 19.8 (116) 23.8 (113) 27.8(103)  6.18 (97.8) t|C|de_s _|mp0rtance in real mixtures. Ch_emom_etn_cs methqu for
prediction have played a central role in facilitating the simul-
taneous analysis, and we have compared the performance of
2 Five significant factors were extracted by cross-validation for PLS and Pc%any chemometrics methods for prediction abilities of analytes

RPE (%) 18.4 19.9 223 8.06

modelling. f : :

rom r n in rophotometric or voltammet-
b Five significant factors were extracted by cross-validation for PLS and PCR.O espo ses' obtained by spectrophotometric o .O ta et
modelling. ric means. In this context, we have found that sometimes PLS,

¢ parameters for spread coefficient and the number of neurons in the hidddRCR and several ANN methods perform about equaky-58],
layer are 30 and 25, respectively. but we noted that the RBF-ANN method was performing con-
d The value in the parentheses is the mean %recovery for each compoungistenﬂy better or at least as well as 0th{5$,56—58]. The
and it was calculated as: %recovery = L0 (cipred — ciadded/m, Wheren is - garlying reasons for this efficient performance were not obvi-
the number of samples;; is the concentration of thith component in théth . . . .
sample. ous. However, in this work, similar to our recent voltammetric
research on the organophosphorus pestidisigswe were able
to demonstrate quite clearly the significant non-linear behaviour

compounds, and RREor total compounds (Table 4). , )
P i P ( ) of the analytes’ responses, which could be responsible for the

RPE = [Z?:l(cij,pred_ cij’addeazl a1 poor performance of the PLS calibration models.
= i >
> i—1(cijadded 4.4. Determination of the fluoroquinolones in eye drops and
and feedstuffs
05
RPE — > i1 i1 (Cijpred — Cij,addec)2 (12) 4.4.1. Analysis of feedstuffs
- S > 1 (cijadded? The preparation of the feedstuff samples for analysis was

carried out according to the methods described in the literature
wherec;; addedindicates the concentration @¢h component in - [59]. The neat feedstuff sample (2.0 g) or that spiked with the
Jth mixture and;; preq|s its estimatior{35]. antibiotics was placed into a 100 ml beaker; 5.0 ml of hydrochlo-
For CLS, PCR and PLS calibrations, the %RR@lues were  ric acid (0.1 molt?) were added, and the sample was leached
around 20 (Table 4), and thus, unsatisfactory. Even the PL$r an hour. The sample was then filtered into a 25 ml flask; the
method, which sometimes can account for some non-linearityH of this solution was adjusted to 4, and then diluted to mark
in the measured respondds$], was apparently unable to cope with distilled water. A suitable aliquot of this solution was trans-
adequately with the non-linearities of the voltammograms fromferred into the electrochemical cell and analysed according to
the three antibiotic analytes. the method described in SectiBnThe resulting voltammetric
It was found that the performance of the RBF-ANN cali- data were submitted for prediction with the use of the RBF-ANN
bration was acceptable for the simultaneous prediction of thealibration. The results (Table 5; Analyses 1 and 2) show that
fluoroquinolones with a %RRAEOf 8.1% and an average recov- values of each fluoroquinolone antibiotic found in the feedstuff
ery of 101%. These figures of merit compare well with oursamples were in the range 0.71-1.45 m§,gnd the procedure

Table 5

Determination of ofloxacin (Floxin), ciprofloxacin (Cipro) and norfloxacin (Noroxin) in feedstuffs and eye drops by linear sweep stripping voltammetry and RBF-ANN
Sampled Found by RBF-ANN (mg g') Added (mgg?) Recovery (%)

Feedstuffs Floxin Cipro Noroxin Floxin Cipro Noroxin Floxin Cipro Noroxin

1 1.16 0.71 1.23 1.35 0.80 1.40 85.9 88.8 87.9

2 0.95 1.45 1.03 1.10 1.60 1.10 86.3 90.6 93.6

Eye drops Found by RBF-ANN (mg mt) Labeled amount (mg mit) Found (%)

3 2.99 ND ND 3.0 - - 100 - -

4 NDP 2.73 ND - 3.0 - - 91.0 -

5 ND ND 2.89 - - 3.0 - - 96.3

a Samples: (1) feedstuff for ducks and (2) feedstuff for quails, Nanchang Hongxing Feedstuffs Co. Ltd.; (3) ofloxacin ophthalmic solution, Henan Zhufeng Ph:
maceutical Production Co. Ltd.; (4) ciprofloxacin hydrochloride, Wuhan Wujin Pharmaceutical Co. Ltd. and (5) Norfloxacin eye drops, Wuhu Sanyi Pharmaceutic
Co. Ltd.

b Not detected.



224 Y. Ni et al. / Talanta 69 (2006) 216-225

was further verified by standard addition of the three fluoro- [2] R.G. Moellering Jr., Chemotherapy 42 (Suppl. 1) (1996) 54.
guinolones. The results showed good %recovery values in the3] D.C. Hooper, J.S. Wolfson, N. Engl. J. Med. 324 (1991) 384.

range 0f 85.9-93.6. [4] N. Rahman, Y. Ahmad, S.N. Hejaz Azmi, Eur. J. Pharm. Biopharm. 57
(2004) 359.
[5] I. Suslu, A. Tamer, Anal. Lett. 36 (2003) 1163.
4.5. Analysis of eye drops [6] M.I. Pascual-Reguera, G. Perez Parras, A. Molina Diaz, Microchem. J.

77 (2004) 79.

Eye drops (0'70 m|) were transferred into a 100 ml volu- [7] C. Immanuel, A.K. Hemanth Kumar, J. Chromatogr. B 760 (2001)
mgtrlc flagk and dll_Uted to_ the mark with dIStII_Ied We}ter. A 8] V.F. Samanidou, C.E. Demetriou, |.N. Papadoyannis, Anal. Bioanal.
suitable qllquot of this solution was transferred directly into thg Chem. 375 (2003) 623.
electrolytic cell, and analysed with the procedure described in[g] s. imre, M.T. Dogaru, C.E. Vari, T. Muntean, L. Kelemen, J. Pharm.
experimental section. The analytical results obtained by RBF-  Biomed. Anal. 33 (2003) 125.

ANN (Table 5, Analyses 3-5) agreed with the amounts of thd10l C.J. Veiopoulou, P.C. loannou, E.S. Lianidou, J. Pharm. Biomed. Anal.

LN : 15 (1997) 1839.
antibiotics shown on the commercial labels of the eye drop pacli—ll] L M( bu )JP Wang, Z.F. Fan, Y.X. Ye, Chin. J. Anal. Chem. 30 (2002)

ages with recovery values between 91% and 100%. 59.
[12] A. Espinosa-Mansilla, A. Munoz de la Pena, F. Salinas, D. Gonzalez
5. Conclusion Gomez, Talanta 62 (2004) 853.
[13] S.S. Zhang, H.X. Liu, Z.B. Yuan, C.L. Yu, J. Pharm. Biomed. Anal. 17
(1998) 617.

_ The behgwourofthreefluproqumolone antlblotlcs,ofloxac_m,[m] D. Barron, E. Jimenez-Lozano, J. Cano, J. Barbosa, J. Chromatogr. B
ciprofloxacin and norfloxacin, at an HMDE was studied with 759 (2001) 73.
the use of LSSV. It was found that each of the analytes reactdds] S.W. Sun, A.C. Wu, J. Lig. Chromatogr. Related Technol. 22 (1999)
irreversibly at the working electrode, and produced non-linear 281 _ _ _ |
voltammetric responses as a function of concentration. ThE® P O'Dea, A. Costa Garcia, A.J. Miranda Ordieres, P. Tunon Blanco,
. . . M.R. Smyth, Electroanalysis 2 (1990) 637.
plot of peak current with scan rate was linear, which stronglyt)7) A" tamer, Anal. Chim. Acta 231 (1990) 129.
suggested that the process at the electrode was adsorptigue] A.M.Y. Jaber, A. Lounici, Anal. Chim. Acta 291 (1994) 53.
controlled. Important method parameters were investigated, arith] A.M.Y. Jaber, A. Lounici, Analyst 119 (1994) 2351.
a quantitative analytical procedure was developed to facilitat&0l G. Zf_‘okuv J. Pa}”; Anal. ‘fh'm- ACta‘I 307 (1995|) 49.
the individual estimation of the three antibiotics. Chemometricg?2] M- Rizk . Belal, FA. Aly, N.M. El-Enany, Talanta 46 (1998) 83,
. . 2] M.M. Ghoneim, A. Radi, A.M. Beltagi, J. Pharm. Biomed. Anal. 25
calibration models were constructed for CLS, PCR, PLS and ~ 5001y 20s.
RBF-ANN methods with the use of a statistically designed cal{23] J.E. Renew, C.H. Huang, J. Chromatogr. A 1042 (2004) 113.
ibration set of samples containing the three fluoroquinolones if24] M.D. Marazuela, M.C. Moreno-Bondi, J. Chromatogr. A 1034 (2004)
mixtures. The calibration models were verified for prediction 25 | _ ! _ on
with a separate set of similar synthetic samples, which indicate§® ﬁ'ctfli»'ggrggg’s)rzga eano Diaz, F. Salinas, J.M. Ortiz, Anal. Chim.
thatthe_ RBF-ANN model prOduced the mOStSat'SfaCtoryf'gureFZG] A. Navalon, R. Blanc, L. Reyes, N. Navas, J.L. Vilchez, Anal. Chim.
of merit—%RPE of 8.1% and an average recovery of 101%.  Acta 454 (2002) 83.
This RBF-ANN model was then used for prediction of the antibi-[27] Y.N. Ni, L. Wang, S. Kokot, Anal. Chim. Acta 431 (2001) 101.
otics of bird feedstuff and eye drops. Satisfactory %recoverie&8l X-N- N'IB L. Wang, E- *ﬁ?kOt'TA”a'-l Ch'm-D Acta N43'\;’ '\(Azog_l) 15'3- !
from these samples supported the conclusion that the proposléd! A Cuiberteau Cabanillas, T. Galeano Diaz, N.M.M. Diez, F. Salinas,

. . . . . J.M.O. Burguillos, J.C. Vire, Analyst 125 (2000) 909.
method is appropriate for the determination of mixtures of thG[30] J. Simons, M. Bos, W.E. van der Linden, Analyst 120 (1995) 1009.

three antibiotics. [31] R.M. de Carvalho, C. Mello, L.T. Kubota, Anal. Chim. Acta 420 (2000)
109.
Acknowledgements [32] A. Gutes, F. Cespedes, S. Alegret, M. del Valle, Biosens. Bioelectron.

20 (2005) 1668.
[33] L.A. Sarabia, M. Cruz. Ortiz, M.J. Arcos, M.S. Sanchez, A. Herrero, S.
The authors gratefully acknowledge the financial support  sanliorente, Chemom. Intell. Lab. Syst. 61 (2002) 89.
of this study by the National Science Foundation of Ching34] Y.N. Ni, P. Qiu, S. Kokot, Anal. Chim. Acta 516 (2004) 7.
(NSFC no. 20365002 and 20562009), the State Key Labd35] M. Otto, W. Wegscheider, Anal. Chem. 57 (1985) 63.

; : ; _21[36] K.R. Beebe, B.R. Kowalski, Anal. Chem. 59 (1987) 1007A.
ratgncehs of I/Eéecnoan.alytlc%l Ccr?emIStry (no. fSﬁLEACjO.OA' 3.) 37] E.V. Thomas, D.M. Haaland, Anal. Chem. 62 (1990) 1091.
an emo/blosensing an emometrics of Hunan Universitise) p Geladi, B.R. Kowalski, Anal. Chim. Acta 185 (1986) 1.

(no. 2002-18), the Jiangxi Province Natural Science Foundatiofg] R.F. Gunst, R.L. Mason, Technometrics 21 (1979) 55.

(JXNSF no. 0320014), the Key Laboratory of Food Sciences of0] J. Mandel, Am. Stat. 36 (1982) 15.

MOE and the Analytical and Test Centre of Nanchang Univer{41] I.T. Joliffe, Principal Component Analysis, Springer-Verlag, New York,
1

sity 986.
' [42] H. Wold, in: H.M. Blalock (Ed.), Quantitative Sociology: International

Perspectives on Mathematical and Statistical Model Building, Academic

References Press, NY, 1975, p. 307.
[43] H. Wold, Soft modeling: the basic design and some extensions, in: K.G.,
[1] A.R. Martin, in: J.N. Delgado, W.A. Remers (Eds.), Textbook of Organic Joreskog, H., Wold, (Eds.), Systems Under Indirect Observation, vol. 2,

Medicinal and Pharmaceutical Chemistry, ninth ed., J.B. Lippincott ~ North-Holland, Amsterdam, 1982. p. 1.
Company, 1991, p. 155. [44] W. Lindberg, J.-A. Persson, S. Word, Anal. Chem. 55 (1983) 643.



Y. Ni et al. / Talanta 69 (2006) 216-225 225

[45] A. Lorber, L.E. Wangen, B.R. Kowalski, J. Chemom. 1 (1987) 19. [52] A. Guiberteau Cabanillas, T. Galeano Diaz, A. Espinosa Mansilla, F.
[46] S. Sekulic, M.B. Seasholtz, Z. Wang, B.R. Kowalski, S.E. Lee, B.R. Salinas Lopez, Talanta 41 (1994) 1821.

Holt, Anal. Chem. 65 (1993) 835A. [53] W.G. Lan, M.K. Wong, N. Chen, Y.M. Sin, Analyst 119 (1994) 1669.
[47] J. Park, I.W. Sandberg, Neural Comput. 3 (1991) 246. [54] Y.N. Ni, P. Qiu, S. Kokot, Anal. Chim. Acta 516 (2004) 7.
[48] J. Moody, C.J. Darken, Neural Comput. 1 (1989) 281. [55] Y.N. Ni, C. Liu, S. Kokot, Anal. Chim. Acta 419 (2000) 185.
[49] Q.L. Li, X.Y. Liu, Anal. Chim. Acta 258 (1992) 171. [56] Y.N. Ni, S.H. Chen, S. Kokot, Anal. Chim. Acta 463 (2002) 305.

[50] J.N. Miller, J.C. Miller, Statistics and Chemometrics for Analytical [57] Y.N. Ni, C.F. Huang, S. Kokot, Anal. Chim. Acta 480 (2003) 53.
Chemistry, fourth ed., Pearson Education Limited, London, 2000, p[58] Y.N. Ni, C.F. Huang, S. Kokot, Chemom. Intell. Lab. Syst. 71 (2004)
122. 177.

[51] A. Guiberteau Cabanillas, T. Galeano Diaz, A. Espinosa Mansilla, P.L[59] K.G. Ning, Utility Feedstuff Analysis Manual (in Chinese), China Agri-
Lopez de Alba, F. Salinas Lopez, Anal. Chim. Acta 302 (1995) 9. cultural Science and Technology Press, Beijing, 1993.



