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a  b  s  t  r  a  c  t

In  this  study,  we  propose  an electroanalytical  method  to quantify  simultaneously  luteolin  and  rutin,
two  flavonoids  which  are  present  in  a pharmaceutical  formulation.  The  methodology  is  based  on  square
wave  voltammetry  at glassy  carbon  electrodes  modified  with  multiwalled  carbon  nanotubes  dispersed  in
polyethylenimine.  Both  flavonoids  show  quasi-reversible  surface  redox  couples  in  10%  ethanol  +  1  mol  L−1

HClO4 aqueous  solutions,  which  are  defined  in potential  regions  very  close  to  each  other.  The  adsorption
process  of flavonoids  on  the  modified  electrode  surface  was  carried  out  using  an  accumulation  potential
of  0.55  V  (vs.  Ag/AgCl,  3 mol  L−1 KCl),  and  an accumulation  time  of 20 min.

Considering  that  luteolin  and  rutin  electrochemical  responses  show  a  high  degree  of  overlapping,  we
processed  the  electrochemical  signals  using  artificial  neural  networks.  We  used  a  supervised  network,
WV
odified electrodes

NNs

feed-forward  network  with  Levenberg-Marquardt  back  propagation  training.  Values  of  92.6  ±  0.4  and
92 ± 1  mg  per  tablet  were  determined  by  the  artificial  neural  networks  methodology  for  luteolin  and
rutin,  respectively.  According  to  values  declared  by  the  manufacturer,  differences  of  7.4  and  8.0%  were
calculated  for luteolin  and  rutin,  respectively.  Results  obtained  with  electroanalytical  methodologies
were  in very  good  agreement  with  those  obtained  by HPLC.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Flavonoids are benzo-�-pyrone derivatives containing piranic
nd phenolic rings in their molecular structures. In most of the
ases, flavonoids are molecules that have two benzene rings (A and
) linked through a chain of three carbon atoms (ring C when car-
on atoms form a cycle). Flavonoids are extensively found in nature
uch as in fruits, seeds, and vegetables [1].

Luteolin (3′,4′,5,7-tetrahydroxy-flavone; LUT) belongs to the

ubclass of flavonoids known as flavones and is rated as one of
he most bioactive flavonoids. It is found mainly in parsley, cel-
ry, thyme, and peanut hulls [2]. Its chemical structure is shown
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ales, Universidad de Buenos Aires, Pabellón 2, Ciudad Universitaria, Buenos Aires,
rgentina.

ttp://dx.doi.org/10.1016/j.snb.2014.07.005
925-4005/© 2014 Elsevier B.V. All rights reserved.
in Fig. 1a. LUT has a resorcinol group in the benzene ring A, and a
catechol group in the benzene ring B. LUT has beneficial effects on
human health, such as cardiovascular protection, anti allergic, and
anticancer activities, anti-ulcer effects, and prevent cataracts [3].
LUT also inhibits platelet aggregation by vasodilating action [4].

Rutin (3′,4′,5,7-tetrahydroxyflavone-3-O-�-d-rutinoside; RU)
(Fig. 1b), a natural flavone derivative, is also considered one of
the most bioactive flavonoids [5]. RU has different physiologi-
cal activities such as anti-inflammatory, anti-tumor, anti-bacterial,
antioxidant, and anti-allergic. RU also acts as a stimulant of the
immune system [6], and has several pharmacological activities,
including vaso-active, anti-viral and anti-protozoal [7].

Flavonoids have mainly been determined in fruits, vegetables
and different beverages by reverse-phase high-performance liquid
chromatography (HPLC) with ultraviolet detection [8], coulometric
array detection [9] or amperometric detection [10], and to a lesser
extent, using various other techniques, such as: spectrophoto-

metry, thin-layer chromatography (TLC), gas chromatography (GC),
capillary electrophoresis (CE) and electrochemical methods [11].

The LUT analytical determination has been reported by TLC [12],
GC [13], gas chromatography–mass spectrometry (GC-MS) [14],

dx.doi.org/10.1016/j.snb.2014.07.005
http://www.sciencedirect.com/science/journal/09254005
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Fig. 1. Chemical structures of flavonoids and products of the 

PLC [15–18], and CE [19] coupled with various detection tech-
iques, such as UV spectrometry, electrochemical, etc.

The RU analytical determination has been carried out using dif-
erent methodologies such as spectrometry [20,21], HPLC [22], CE
23], and chemiluminescence [24].

The electrochemical behavior of RU has been studied at elec-
rodes of different materials such as bare glassy carbon [25],
anging mercury drop [26], and gold electrodes modified with
ingle-walled carbon nanotubes [27]. In addition, electrochemi-
al sensors and biosensors for the RU determination have been
escribed in the literature [28,29].

On the other hand, several chemometric tools have been
escribed to resolve systems where signals appear overlapped [30].
he most used chemometric techniques are deconvolution [31],
ultivariate curve resolution [32,33], and multivariate calibration

34,35]. The most popular chemometric tools are, particularly, in
he field of electrochemistry, multivariate calibration based on dif-
erent regression methods such as multilinear regression (MLR)
36], principal component regression (PCR) [37], continuum regres-
ion [38], partial least squares regression (PLS-1) [39], and artificial
eural networks (ANNs) [30,40].

In addition, ANNs is a data processing system consisting of a
arge number of highly interconnected elements in an architecture
nspired by the structure of the brain, and it is a powerful model-
ng tool for processing from complex to imprecise data [41]. The
NNs processing systems can be performed using a conventional
et of independent analyses. However, it could be advantageous to
eplace this with a statistically designed experimental procedure
n which several factors are simultaneously varied. This multivari-
te approach reduces the number of experiments and improves
tatistical interpretation of results [42].

In this study, we propose the simultaneous determination of LUT
nd RU in a pharmaceutical formulation at glassy carbon electrodes
GCE) modified with multi-walled carbon nanotubes (MWCNTs)
ispersed in polyethylenimine (PEI) in 10% ethanol + 1 mol  L−1
ClO4 aqueous solution using cyclic (CV), and square wave (SWV)
oltammetries. Electrochemical impedance spectroscopy (EIS) is
lso used to compare the state of bare and modified GCE. Consid-
ring that surface voltammetric signals of LUT and RU show a high
eak of electrochemical oxidation of luteolin (a) and rutin (b).

overlapping, we used the ANNs methodology, and an experimental
design to quantify the LUT and RU content in the pharmaceuti-
cal formulation. For comparison purposes, these studies were also
carried out using HPLC.

2. Materials and methods

2.1. Reagents

LUT, RU, and a dispersion of PEI in water were purchased
from Sigma–Aldrich. MWCNTs (diameter 30 ± 15 nm,  length
1–5 �m)  were obtained from Nano-Lab (USA). HClO4, ethanol,
methanol, and acetic acid were Merck p.a. Acetonitrile was
Sintorgan, HPLC degree. Ultrapure water (� = 18 M� cm)  was
obtained from a Millipore-Milli Q system. Stock solutions of LUT
(3.5 × 10−3 mol  L−1) and RU (8.7 × 10−4 mol  L−1) were prepared in
ethanol, protected from light, and kept in the refrigerator. They
were stable for at least two  months. Working solutions were
prepared daily by adding different aliquots of stock solutions to
1 mol  L−1 HClO4 aqueous solutions. The percentage of ethanol in
all solutions was 10%.

2.2. Apparatus

CV and SWV  experiments were performed with an Epsilon (BAS,
USA) Potentiostat. EIS measurements were carried out in solutions
containing equal concentrations (1 × 10−3 mol  L−1) of oxidized and
reduced forms of the [Fe(CN)6]4−/3− redox couple, with 0.1 mol  L−1

KCl as the supporting electrolyte. EIS experiments were performed
with an AutoLab PGSTAT 30 potentiostat, controlled by FRA 4.9
software. A 5 mV  amplitude sine wave perturbation was applied
to the electrode, whereas the dc potential was set at the formal
potential of the redox couple, i.e., Eo

f
= 0.240 V vs. Ag/AgCl. The ac

frequency was  varied from 0.5 Hz to 10 kHz. Both, the in-phase (Z′)

and out of phase (Z′′) impedance components were extracted from
the experimental data. Values of the electron-transfer resistance
(Rct), and double layer capacitance (Cdl) for both the bare and
modified GCE were extracted from a non-linear squares fitting
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Table 1
Concentration values of LUT and RU in 10% ethanol + 1 mol L−1 HClO4 aqueous solu-
tion  used as output data in the calibration set (samples 1–10) and the validation set
(samples 11–19).

Samples c∗
LUT × 106(mol L−1) c∗

RU × 106(mol L−1)

1 60 120
2  60 3.4
3  120 60
4  60 60
5  100 100
6  100 20
7  3.4 60
8  20 20
9  20 100

10 60 60
11  75 75
12  5.0 5.0
13 5.0 75
14  40 5.0
15  75 40
16  40 40
17  40 75
A.Y. Tesio et al. / Sensors and

o the classical Randles’ circuit [43], which is incorporated into
he FRA electrochemical impedance software. Electrochemical

easurements were carried out in a 5 mL  Pyrex cell. Working
lectrodes were GCE (CH Instruments, area = 0.071 cm2) modified
ith MWCNTs dispersed in PEI (GCE/MWCNTs-PEI). A platinum
ire and an Ag/AgCl, 3 mol  L−1 NaCl (BAS, RE-5B) were used as

ounter and reference electrodes, respectively.
HPLC measurements were carried out using a Waters 2998 sys-

em equipped with a quaternary pump model Waters e2695, diode
rray detector, and a C18 (Luna) column (100 mm × 4.6 mm).  The
njection volume was 15 �L. The mobile phase flow rate was kept
onstant at 0.5 mL  min−1. An elution gradient was used, starting
ith 60% of solvent A (H2O/acetic acid (99:1)) and 40% solvent B

methanol/acetonitrile/acetic acid (89:10:1)), and was  varied lin-
arly up to 100% solvent B in 30 min.

.3. Preparation of GCE/MWCNTs-PEI electrodes

The GCE was pre-treated by polishing with alumina slurries of
, 0.3 and 0.05 �m for 1 min  each, and sonicated in a water bath
uring 15 s.

MWCNTs-PEI dispersions were obtained by mixing 1.0 mg  of
WCNTs with 1.0 mL  of PEI solutions of different concentrations

repared in 50:50 (v/v) ethanol/water, followed by sonication dur-
ng 45 min. The MWCNTs–PEI ratio which allowed obtaining the
est electrochemical signal was 1:5; i.e., 1.0 mg  of MWCNTs with

 mg  PEI per mL  [44]. The polished GCE was modified with the
WCNTs-PEI dispersion by dropping an aliquot of 20 �L on the

op of the electrode and allowing drying during 90 min  at room
emperature.

We have previously studied the electrochemical behavior of LUT
urface redox couple at both the modified GCE and the bare GCE
44]. A much better definition of this surface redox couple was
ound at the modified GCE in comparison with the bare GCE, with
n increase of about 20% in current intensities. A similar behavior
as found for RU surface redox couple. Based on these results, we
erform present studies at GCE/MWCNTs/PEI electrodes.

.4. Sample preparation

One tablet of LutiMax (SYNORx Inc., San Clemente, California,
SA) was finely milled and transferred to a volumetric flask, and
issolved in 25 mL  of ethanol. This solution was immersed in an
ltrasonic bath during 120 s, and then was filtered. Then, dif-
erent aliquots of the solution were added to 1 mol  L−1 HClO4
queous solution, and transferred to the electrochemical cell. The
imultaneous determination of LUT and RU was performed using
dsorptive stripping SWV  using ANNs.

LUT and RU contents were 100 mg  each per LutiMax tablet,
ccording to the manufacturer.

.5. Experimental procedure

The CGE/MWCNTs–PEI electrode was cycled 10 times from
0.2 to 0.9 V in 1 mol  L−1 HClO4 aqueous solution at a scan

ate, v = 0.050 V s−1. Then, the GCE/MWCNTs–PEI electrode was
mmersed in 10% ethanol + 1 mol  L−1 HClO4 aqueous solutions con-
aining LUT or RUT or LUT + RU (at given concentrations). Optimal
onditions for LUT and RU accumulation on the modified elec-
rode surface were an accumulation potential of 0.55 V, and an
ccumulation time of 20 min  under stirring at 800 rpm. Finally,

he voltammetric stripping was performed in the same solution.
oltammograms were recorded in the potential range from 0 to
.8 V. Other experimental parameters were the amplitude of the
quare wave, �Esw = 0.025 V, the staircase potential, �Es = 0.005 V
18  5.0 40
19  75 5.0

and the frequency, f = 100 Hz. In CV, the scan rate (v) was varied
from 0.025 to 0.200 V s−1.

Complex impedance plots are shown in Fig. S1 (Supplemen-
tary Material) for both bare GCE and GCE/MWCNTs/PEI electrode.
A semicircle portion is defined at higher frequencies in both elec-
trodes, which corresponds to the electron-transfer limited process,
followed by a linear part at lower frequencies attributable to dif-
fusion [43]. Values of 175 ± 2 � and 0.98 ± 0.02 �F were obtained
for Rct and Cdl, respectively, from the best fitting of experimen-
tal data for the bare GCE. On the other hand, values of 30 ± 1 �
and 1.9 ± 0.1 �F were determined for Rct and Cdl, respectively, for
the GCE/MWCNTs/PEI electrode. These results clearly show that
the presence of MWCNTs at the modified electrode to decrease
the resistance to charge transfer and increases the double layer
capacitance, which are in good agreement with results previously
obtained by us [44], and other discussed in literature [45].

Supplementary Fig. S1 related to this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.snb.2014.07.005.

Pure nitrogen was  bubbled in the solutions for at least 10 min
prior to measurements. The temperature was 25 ◦C.

2.6. Chemometric calculations

2.6.1. Preparation of standards
Standard solutions were prepared by mixing aliquots of

different concentrations of LUT (c∗
LUT) and RU (c∗

RU) in 10%
ethanol + 1 mol  L−1 HClO4 aqueous solution (Table 1). Samples 1–10
were designed to obtain the calibration set. Their concentrations
were established through an experimental design for two factors,
“central composite” of type “22 + star”, rotatable, and with two cen-
tral points (Fig. 2a) in the concentration range from 2.0 × 10−5 to
1.0 × 10−4 mol  L−1 for both substrates.

Samples 11–19 were designed to obtain the validation set.
Concentration values were chosen using of a factorial design of 3-
levels with two factors (32) (Fig. 2b) in a concentration range from
5.0 × 10−6 to 7.5 × 10−5 mol  L−1 for both substrates.

2.6.2. Software’s
The Neural Network toolbox from the software suite MATLAB
7.8 [46] was used for applications of ANNs.
An algorithm also written in MATLAB was used for generating

ellipses [47].

http://dx.doi.org/10.1016/j.snb.2014.07.005
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ig. 2. Response surface designs. (a) Design “central composite” of type “22 + star”,
32).

.6.3. Applications of ANNs
The problem presented in this study is one case of generaliza-

ion, trying to predict concentrations of LUT and RU based on SW
oltammograms.

We compared different architectures to build and validate the
redictive model of the network, which consisted of an input layer,
ne hidden and one output. The number of neurons of the input
ayer was equal to the number of independent variables entered
nto the model, in this case 101 parameters obtained from voltam-

etric responses, and the number of neurons in the output layer
orresponded to the number of model output variables, i.e., con-
entrations of LUT and RU (Table 1).

On the other hand, the number of neurons in the hidden layer
as that obtained from the best architecture of ANNs through the

ollowing procedure: (1) we created an ANNs with a number N of
eurons in the hidden layer. (2) It was defined the type of train-

ng and the transfer function. (3) The network was trained with
he calibration data set, considering a 70% of learning, a 15% for

onitoring, and another 15% to test the network. (4) The network
as validated using the validation data set (independent set of cal-

bration data), and (5) root mean square error (RMSE) values were
btained from points three and four.

The above procedure was made by combining different types of
raining and transfer functions. After obtaining the errors of differ-
nt architectures, we selected the best amount of the hidden layer
eurons, the transfer function, and the training type based on the

east mean squared normalized error (MSE), the percentage rela-
ive errors (RE%), relative errors of predictions (REP%), and rmse for
wo substrates, avoiding the overfitting (see below).

.6.4. Validation of results
To evaluate the quality of quantitative predictions of concen-

rations obtained from the ANNs, the RMSE between nominal and
stimated concentrations for each substrate, RE% and REP% were
alculated by applying Eqs. (1)–(3), respectively:

MSE =
√∑n

i=1(ĉi − ci)
2

n
(1)

E (%) = 100

√∑n
i=1(ĉi − ci)

2∑n
i=1c2

i

(2)

√∑n 2
EP (%) = 100
cmean

i=1(ĉi − ci)

n
(3)

here ĉi and ci are estimated and nominal concentrations, respec-
ively, and cmean is the mean of nominal concentrations.
ble, and with two central points, and (b) factorial design of 3-levels with 2 factors

In addition, a procedure to verify if the point (1,0) is contained
in the confidence elliptical region of the slope and the intercept
of the fitted curve between nominal and estimated concentrations
was used to evaluate whether or not these concentrations differ
statistically [30,48].

3. Results and discussion

3.1. Quantification of luteolin and rutin in a pharmaceutical
formulation using SWV  and ANNs

The pharmaceutical formulation contains mainly two
flavonoids, i.e., LUT and RU.

A cyclic voltammogram, and net currents (In) of a SW voltam-
mogram recorded at GCE/MWCNTs-PEI electrodes for the ethanol
extract obtained from the pharmaceutical formulation are shown
in Fig. 3a and b, respectively. In both cases, only one oxidation
peak was  found. Plots of anodic peak currents as a function of v
obtained from cyclic voltammograms of the ethanol extract were
linear (linear correlation coefficient, r = 0.9998) as it is theoretically
expected for an adsorption controlled redox process [43]. It is also
known that the first oxidation peak of all flavonoids with a Cat-
echol group in B ring shows a behavior that can be described as
a reversible or quasi-reversible process, involving 2e−, 2H+ [49].
Chemical structures of products of the first peak of LUT and RU
electrochemical oxidation are shown in Fig. 1a and b, respec-
tively.

On the other hand, cyclic and square wave voltammograms
recorded in an equimolar mixture of LUT and RU showed also one
single peak (results not shown). The overlapping of voltammetric
signals can be explained considering that RU structure differs of
LUT by only one extra glucoside in the ring C (Fig. 1).

Current vs. concentration relationships of mixtures of both
flavonoids were first analyzed by PLS-1 through MVC1 [50]. From
merit figures, and error indicator based on deviations of net signal
linearity, and sensor selection could be inferred a behavior away
from linearity.

Based on these results, we  applied the ANNs methodology to
determine of LUT and RU in the pharmaceutical formulation. There-
fore, SW voltammograms of LUT and RU solutions described in
Table 1 were recorded at GCE/MWCNTs-PEI electrodes. Fig. 4a
shows SW voltammograms obtained for samples 1–10 of Table 1

after subtracting the blank currents, which were used to obtain the
calibration model. In addition, Fig. 4b shows SW voltammograms
obtained for samples 11–19 of Table 1, which were used in the
validation model (see below).
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Fig. 3. (a) Cyclic voltammograms of the blank solution (1) and the LutiMax ethanol
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Fig. 4. Square wave voltammograms of solutions used in (a) the calibration set
(samples 1–10 in Table 1) and (b) the validation set (samples 11–19 in Table 1).

Table 2
Optimized parameters of ANNs.

Architecture 101-7-2
Number of iterations 80
Hidden layer transfer function Tansing
RMSETr, Ca 1.80 × 10−11

RSMEM, Cb 2.38 × 10−10

RSMET, Cc 1.86 × 10−10

a RMSE for training for the calibration set.
b RMSE for monitoring for the calibration set.
c RMSE for test for the calibration set.

Table 3
Errors estimated for the simultaneous determination of LUT and RU by ANNs.

LUT RU

RMSE, Ca 2.45 × 10−6 7.26 × 10−6

RMSE, Pb 2.04 × 10−6 3.38 × 10−6

REP (%) 5.1 8.4
xtract (2) at the GCE/MWCNTs–PEI electrode in 1 mol  L−1 HClO4. v = 0.050 V s−1.
b)  SW voltammogram recorded for the same extract under the same experimental
onditions. �Esw = 0.025 V, �Es = 0.005 V, f = 100 Hz.

Therefore, we applied the methodology previously explained
o find the most suitable network architecture for the resolution
f measured signals. Thus, the best network model was obtained
sing a 101-7-2 architecture, i.e., 101 neurons in the input layer, 7 in
he hidden layer, and 2 in the output layer. We  used Tansig sigmoid
ransfer function in the hidden layer, and the Purelin linear function
or the output layer. The most appropriate algorithm in the training
tage was that of Levenberg-Marquardt [46].

As previously described, the number of neurons of the input
ayer was equal to the number of independent variables entered
nto the model. In this case, 101 parameters obtained from voltam-

etric responses, and the number of neurons in the output layer
orresponded to the number of model output variables, i.e., nomi-
al concentrations of LUT and RU.

Optimized parameters, and errors estimated from ANNs
ethodology are shown in Tables 2 and 3, respectively.
Plots of the estimated concentrations vs. nominal concentra-

ions are shown in Fig. 5a and b for LUT and RU, respectively. Table 4

hows the linear regression parameters and associated errors.

After optimizing the ANNs with the set of calibration, we
sed a separate set of voltammograms to perform the validation
tep through the analysis of accuracy and precision. The linear

Average recovery 101 (2)c 101.2 (0.2)c

a RMSE for calibration set.
b RMSE for prediction set.
c Values in parentheses are standard deviations.
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Fig. 5. Comparison between estimated values obtained by ANNs and nominal con-
centrations using the calibration set for (a) LUT and (b) RU. Solid and dotted lines
represent the fitted and ideal regressions, respectively, with the corresponding pre-
diction bands at a confidence level of 95% (dashed lines).

Table 4
Linear regression parameters obtained from the dependence between nominal con-
centrations and estimated concentrations by ANNs.

Flavonoid Intercept (mol L−1) Slope ra RE (%)

LUT (2.0 ± 1.5) × 10−6 0.98 ± 0.02 0.9980 1.28

r
o
t
s
l
w
a
s
d
i
c
n
c

Fig. 6. Elliptical regions of the joint confidence obtained by ANNs from the validation
set  for (1) LUT and (2) RU. (� ) is the ideal point (1,0).

Fig. 7. Square wave voltammograms recorded for two  ethanol LutiMax extracts at
different concentrations of the extract. (1) LutiMax 1 and (2) LutiMax 2 (see Table 4).

Table 5
Results obtained in the determination of LUT and RU in the pharmaceutical
formulation.

Nominal concentrations Estimated concentrations

LutiMax 1 LutiMax 2 LutiMax 1 LutiMax 2
RU  (6.5 ± 4.4) × 10−6 0.93 ± 0.06 0.9825 3.80

a r is the linear correlation coefficient.

egression parameters, and associated errors obtained from plots
f estimated concentrations as a function of nominal concen-
rations of the validation set (samples 11–19 in Table 1) were:
lope = 1.10 ± 0.29, intercept = (0.01 ± 0.01) × 10−5 mol  L−1, and the
inear correlation coefficient, r = 0.9509 for LUT. For RU these values

ere slope = 0.99 ± 0.34, intercept = (−0.3 ± 0.1) × 10−5 mol  L−1,
nd r = 0.9347. However, as the slope and the intercept are not
tatistically independent variables since there is always some
egree of correlation between them. Thus, it is better to analyze
f the point (1,0) was included in the elliptical region of the joint
onfidence of slope and intercept in order to evaluate whether or
ot concentrations estimated by the ANNs method differ statisti-
ally from nominal concentrations. Plots of ellipses obtained from
c∗
LUT (mol L−1) 9.00 × 10−5 4.00 × 10−5 8.36 × 10−5 3.81 × 10−5

c∗
RU (mol L−1) 4.20 × 10−5 1.87 × 10−5 3.83 × 10−5 1.74 × 10−5

the validation set are shown in Fig. 6 for each substrate. Results
obtained for LUT and RU by the ANNs method include the ideal
point, exhibiting a comparable accuracy for both substrates, and a
greater precision for LUT. Thus, the ANNs method is adequate as a
calibration model to determine LUT and RU in the real sample.

Finally, we calculated concentrations of LUT and RU in two dif-
ferent LutiMax ethanol extracts (LutiMax 1 and LutiMax 2). SW
voltammograms used are shown in Fig. 7. Results obtained are sum-

marized in Table 5. We  used two  ethanol extracts to demonstrate
that the results obtained were independent of the concentration
levels of the substrates.
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Calculated values for LUT and RU concentrations in the phar-
aceutical formulation were 92.6 ± 0.4 and 92 ± 1 mg  per tablet,

espectively. These results are close to the content of LUT and RU
eclared by the manufacturer, with a difference of −7.4 and −8%
or LUT and RU, respectively.

.2. Quantification of luteolin and rutin in the pharmaceutical
ormulation using HPLC

For comparison purposes, the LUT and RU content in the phar-
aceutical formulation was also determined by HPLC. Retention

imes were 28.5 and 18.9 min  for LUT and RU, respectively.
Calibration curves were constructed using peak area val-

es of LUT and RU. For LUT, peak areas were analyzed
t � = 349 nm,  the wavelength at which LUT presents a
aximum absorption in ethanol. The calibration curve
as expressed as: intercept = −(2 ± 1) × 105 AU min−1,

lope = (6.3 ± 0.3) × 1010 AU min−1 mol−1 L, r = 0.9948 and the
xperimental statistical parameter F = 1.513, where AU are
bsorbance units. For RU, areas of chromatographic peaks
ere analyzed at � = 356 nm,  since this is the wavelength of
aximum absorption of RU in ethanol. The calibration curve

ave the following values: intercept = −(4 ± 3) × 105 AU min−1,
lope = (8.3 ± 0.2) × 1010 AU min−1 mol−1 L, r = 0.9981 and F = 0.991.

 values show that both calibration curves comply with the lin-
arity test. Using the corresponding calibration curves, values
btained for LUT and RU were 93 ± 8 and 96 ± 4 mg  (n = 3) by
ablet, respectively, in very good agreement with those values
btained using SWV  and ANNs. Thus, the percentage relative errors
or the determination of LUT and RU between chromatographic
nd electrochemical methods were 0.4 and 4%, respectively.

Thus, the methodology proposed here is simple and fast, the rel-
tive cost compared to chromatography is considerably smaller, it
ould be applicable for portable designs, and presents very good
nalytical parameters. The method was useful for the quantifica-
ion of LUT and RU in a pharmaceutical formulation with excellent
greement with the values determined by HPLC. Based on these
esults, we can conclude that adsorptive stripping SWV  coupled
o ANNs could provide a satisfactory methodology for LUT and RU
etermination in pharmaceutical formulation samples and poten-
ially for other real samples.

. Conclusions

Adsorptive Stripping Square Wave Voltammetry coupled to the
rtificial Neural Networks methodology were successfully used to
etermine the luteolin and rutin content in a pharmaceutical for-
ulation, following a very simple extraction procedure. In addition,

esults obtained with these methodologies were in excellent agree-
ent with those obtained using the chromatographic method. This

ood analytical performance allowed us to determine the content
f luteolin and rutin in a pharmaceutical formulation, providing an
dvantageous alternative to existing methods for the determina-
ion of luteolin and rutin in real samples.
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