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bstract

A rapid and simple method for procaine determination was developed by flow injection analysis (FIA) using a screen-printed carbon electrode
SPCE) as amperometric detector. The present method is based on the amine/hydroxylamine oxidation from procaine monitored at 0.80 V on SPCE
n sodium acetate solution pH 6.0. Using the best experimental conditions assigned as: pH 6.0, flow rate of 3.8 mL min−1, sample volume of 100 �L
nd analytical path of 30 cm it is possible to construct a linear calibration curve from 9.0 × 10−6 to 1.0 × 10−4 mol L−1. The relative standard
eviation for 5.0 × 10−5 mol L−1 procaine (15 repetitions using the same electrode) is 3.2% and detection limit calculated is 6.0 × 10−6 mol L−1.

ecoveries obtained for procaine gave a mean values from 94.8 to 102.3% and an analytical frequency of 36 injections per hour was achieved. The
ethod was successfully applied for the determination of procaine in pharmaceutical formulation without any pre-treatment, which are in good

ccordance with the declared values of manufacturer and an official method based on spectrophotometric analysis.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Procaine (2-dietylaminoethyl p-aminobenzoate) [1], also
amed as novocaine or neocaine was first synthesized in 1905,
nd was the first injectable man-made local anesthetic. This drug
cts by blocking pain sensation from specific areas of the body
2] by reversible blocks of the impulse conduction along nerve
xons and other excitable membranes that utilize sodium chan-
els as the primary means of action potential generation. It is
trongly used until nowadays due to its quick action and lower
oxicity than other anesthetics.

There are many analytical methods indicated for the determi-
ation of procaine in pharmaceutical formulations and biological
atrices. The present United States Pharmacopoeia [1] recom-
ends the employ of an extraction-spectrophotometric method

ased on its maximum absorbance signal at 280 nm. The uti-

ization of other spectrophotometric techniques methods are
lso described in the literature [3–5] and alternative methods
s reported such as fluorimetry [6], chemiluminescence [7] and

∗ Corresponding author. Fax: +55 16 3322 7932.
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nalytical methods involving separation techniques such as high-
erformance liquid chromatography [8,9] and gas chromatogra-
hy [10]. Several electrochemical procedures for determination
f procaine have been investigated. Taking into consideration,
hat electroanalytical methods can offer many advantages in rela-
ion to other methods such as high sensitivity, fast response and
xtreme simplicity. The possibility to use ion selective elec-
rodes (ISEs) for the procaine determination was studied by
ataky and Palmer [11], which reported detection limits close to
0−5 mol L−1. Zhou et al. [12] described the use of metal-oxide
ispersed glassy carbon electrode as chromatographic amper-
metric detector for the procaine determination. A wide linear
ange between 7.3 × 10−9 and 8.1 × 10−7 mol L−1 of procaine
as reported. Voltammetric techniques using chemically mod-

fied electrodes for procaine determination have also reported.
ang et al. [13] have proposed a differential pulse voltammet-

ic method by using a pumice modified carbon paste electrode,
hich 30 s of pre-concentration leads to a detection limit of
.0 × 10−8 mol L−1. A detection limit of 2.0 × 10−7 mol L−1
rocaine was obtained by Wu et al. [14] employing a car-
on nanotube film coated electrode, using accumulation time
f 4 min, under adsorptive stripping anodic voltammetric
onditions.

mailto:boldrinv@iq.unesp.br
dx.doi.org/10.1016/j.jpba.2006.06.001
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Fig. 1. Schematic diagram of the electrochemical flow cell (A) used in the amperometric measurements in flow injection system. (A) PB, polyurethane resin block;
R tact fi
u ; I, m
s
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E, reference electrode; CE, counter electrode; WE, working electrode; CF, con
sed for evaluation of the SPCE for procaine determination. P, peristaltic pump
olution; D, electrochemical flow cell; W, waste.

In the recent years there is clearly a growing demand for rapid,
eliable, inexpensive sensors for the determination of different
ind of analytes in biomedical, environmental, and industrial
amples [15]. Screen-printing is capable of producing a wide
ange of geometries (either as arrays or single electrodes) and can
e used to print whole electrode systems, reference working and
ounter electrode, each with their own tailored characteristics;
ost importantly, these can be made both cheaply and with a

igh degree of precision. The main advantage of screen-printed
arbon electrodes (SPCE) over conventional electrodes is that
he problems of carry over and surface fouling is alleviated, as
hey can be used only once and then discarded [15].

In addition, it is important to mention that alternative auto-
atic procedures based on flow injection technique with amper-

metric and voltammetric detectors have been widely valorized
n pharmaceutical, food, forensic and clinical sciences [16,17].
he main factors that it contributes are low consumption of

eagents and samples, better repeatability, high sample through-
ut, easier medium exchange after analyte accumulation, reduc-
ion of the risk of contamination during the analysis step, com-
ined with good precision and high sensitivity, good selectivity,
s well as relative low cost of the instrumentation.

The present work reports the electrooxidation of procaine
n a screen-printed carbon electrode, and its application as an
mperometric detector for procaine determination using a flow
njection analysis system. The method was optimized evaluat-
ng the influence of several parameters (applied potential, pH,
ow rate, sample volume and analytical path) on the ampero-
etric response for procaine determination in pharmaceutical

ormulations.

. Experimental

.1. Apparatus

Cyclic voltammetric and amperometric measurements were
arried out with a �AUTOLAB (Ecochemie) controlled by a per-

onal computer using the GPES 4.9 software. The screen-printed
arbon electrodes were purchased from Oxley Developments &
ompany, UK, where all the electrodes are made by carbon con-
ucting ink. The measurements were performed in a flow cell

1
b
s
s

eld; PT, polyethylene tubing (flow). Schematic diagram of the flow system (B)
anual injector; S, sample or reference solutions; L, sample volume; C, carrier

pecially developed to adapt the screen-printed carbon electrode,
hich design is shown in Fig. 1A. The body of the electro-

hemical flow cell was fabricated with polyurethane resin from
egetable oil (20 mm × 40 mm × 50 mm) kindly supplied by Dr.
.T. Cavalheiro (IQSC, USP, Brazil). The effective volume of

he flow cell is 95 �L. The design of the screen-printed carbon
lectrode used in all the electrochemical experiments is also
hown in Fig. 1A. The system is based on an alumina ceramic
ase with 50 mm long, 10 mm wide and 0.85 mm of thick, where
n to this surface is lined up the working (W), the reference (R)
nd the auxiliary (CE) electrodes, printed with carbon ink. The
ontacting field on end of the sensor was connected with the
ctive part by ink carbon channel (C), covered by a dielectric
rotection layer. The sensor was connected with a cable to the
otentiostat. For cyclic voltammetry the potential was ranged
rom 0.5 to 1.4 V versus Ag/AgCl and from 0.2 to 1.2 V versus
arbon printed at a scan rate of 50 mV s−1, stationary solutions
ere used in such cases. The amperometric measurements were
erformed by chronoamperometry in a flow injection analysis
ystem.

The electrochemical flow cell was inserted in a one-channel
ow injection analysis system schematically represented in
ig. 1B. The system was assembled with a peristaltic pump
Ismatec, model 78001-00, Switzerland) and a manual injector
ade of acrylic with two fixed sidebars and a sliding central bar.
he manifold connections were made with polyethylene tubing

0.8 mm i.d.). Sodium acetate solution 0.10 mol L−1 (pH 6) was
sed as the carrier solution. The analytical path was 30 cm and
he entire flow injection system was kept at room temperature.

.2. Reagents and solutions

All solutions were prepared using water from a Milli-
ore Milli-Q system. All chemicals were of analytical reagent
rade and were used without further purification. The support-
ng electrolyte used for all experiments was a 0.10 mol L−1

odium acetate solution adjusted in the desired pH value. A

.0 × 10−3 mol L−1 procaine stock solution was prepared daily
y dissolving procaine (Sigma–Aldrich) in 10 mL of the same
odium acetate solution and used to prepare procaine reference
olutions. The proposed FIA procedure was carried out to deter-
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ine procaine in the pharmaceutical formulation Timpanol®

Hexal) by diluting the sample with appropriate volumes in
.1 mol L−1 sodium acetate solution, in order to obtain a final
olution of 3.0 × 10−5 mol L−1 procaine. No additional sam-
le pretreatment was required. The content of procaine in the
harmaceutical formulation was determined by standard addi-
ion method and the results were compared with official method
eported in the literature [1].

. Results and discussion

.1. Electrochemical behavior

The oxidation of procaine was studied by cyclic voltamme-
ry in order to elucidate its electrochemical behavior. Cyclic
oltammograms indicate that the electrochemical oxidation of
rocaine is represented by an anodic peak at +1.05 V versus
g/AgCl in 0.10 mol L−1 sodium acetate solution (pH 6.0) as

hown in Fig. 2 (curve A), this peak can be attributed to oxida-
ion of amino group to hydroxylamine, in a process involving
wo protons and two electrons, as demonstrated previously [13].
here is no peak on the reverse scan indicating that the pro-
ess present characteristic of an irreversible global process. The
agnitude of the anodic peak currents decreased after succes-

ive cycling, suggesting that the product of electrode reaction
s adsorbed on the electrode surface, which can be removed by
ashing with electrolyte solution that promotes the complete

eestablishment of the voltammetric currents.
When the carbon printed reference electrode is used instead

he Ag/AgCl reference electrode (Fig. 2B) the cyclic voltam-
ogram presents essentially the same form but there is a shift

otential of around 300 mV to less positive potential attributed to
he use of pseudo reference electrode, which peak potential was
onstant in all the voltammograms and screen-printed carbon

lectrodes tested.

The effect of potential scan rate on the voltammetric
esponse for oxidation of 1.0 × 10−4 mol L−1 procaine on the
arbon screen-printed electrode was investigated from 5 to

ig. 2. Cyclic voltammograms obtained for the oxidation of a solution of
.0 × 10−3 mol L−1 procaine in 0.1 mol L−1 sodium acetate solutions at pH 6.0
n a SPCE using a conventional reference electrode (curve A) and a carbon
rinted electrode (curve B). Scan rate = 50 mV s−1.
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00 mV s−1. The anodic peak current varied linearly with
he square root of the scan rate according to the equa-
ion: I/nA = 5.2 + 120.3ν1/2 (mV s−1)1/2, with a linear correlation
oefficient of 0.9993 (n = 5), suggesting that procaine oxidation
ollows a diffusion-controlled mechanism.

The effect of pH on the oxidation of procaine
1.0 × 10−4 mol L−1) at screen-printed electrodes was investi-
ated over a pH range between 4.0 and 7.0 in static conditions.
t was observed that procaine presented a well-defined peak
t less acidic conditions than pH 5.0. In addition, pH values
ower than 4.0 were avoided since the oxidation of procaine
ccurs very closely to the electrolyte/electrode discharge. The
nodic peak potential obtained for procaine in sodium acetate
olutions at pH values ranging from 4.5 to 7.0 has presented a
hift of 60 mV by pH unit to less positive values, indicating that
he electrode process is influenced by protonation reactions, as
bserved on conventional electrodes [18]. The optimum pH for
rocaine detection was 6.0.

.2. Flow injection analysis

The effect of several parameters on the amperometric
esponse of procaine in the flow injection conditions using a
creen-printed carbon electrode was investigated in order to opti-
ize the FIA parameters. These include the effects of applied

otential, flow rate, sample volume and analytical path.
The effect of the applied potential was studied from 0.65 to

.90 V versus carbon printed electrode in 0.10 mol L−1 sodium
cetate solution at pH 6.0 using sample volume of 75 �L and pro-
aine concentration of 5.0 × 10−5 mol L−1. The amperometric
esponse increased with increasing working potential from 0.65
o 0.80 V (versus carbon printed), above this value the obtained
ignal became almost constant. Therefore a working potential of
.80 V was chosen for FIA measurements, this value is in agree-
ent with the potential where maximum current is observed for

rocaine oxidation, observed in voltammetric curves recorded
n static conditions.

The effect of the flow rate on the magnitude of ampero-
etric response was also investigated, testing values from 1.1

o 6.5 mL min−1, under applied potential of 0.80 V and sam-
le volume of 75 �L of procaine 5.0 × 10−5 mol L−1 solution.
he transient signals obtained in different flow rates are shown

n Fig. 3. The results showed that the flow injection current
esponse is markedly dependent of the flow rate form 1.1 to
.8 mL min−1. Maximum value was obtained above flow rate
f 3.8 mL min−1. The increase in the flow rates usually leads
o a change in the diffusion profile at the electrode surface and
herefore promotes increases the efficiency of the mass transport
19]. The residence time (Rt) is defined as the change in current
etween initial and maximum signal. The washing time (Wt) was
valuated by the time necessary to the maximum signal return to
aseline. The evaluation of these parameters studied, indicates
hat the Rt and Wt decrease from 90 to 15 s and from 200 to 50 s,

espectively. Therefore, the flow rate of 3.8 mL min−1 (Rt = 40 s
nd Wt = 70 s) was selected for further experiments where better
ngagement between reagent consumption and analytical fre-
uency was obtained.
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Fig. 3. Transient current signal obtained in triplicate for the SPCE for a sample
volume of 75 �L of 5.0 × 10−5 mol L−1 procaine under different flow rates: (A)
1.1 mL min−1; (B) 2.0 mL min−1; (C) 2.8 mL min−1; (D) 3.8 mL min−1; (E)
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Fig. 4. Transient current signals obtained in triplicate for procaine solu-
tions: (a) 9 �mol L−1; (b) 25 �mol L−1; (c) 50 �mol L−1; (d) 75 �mol L−1; (e)
100 �mol L−1; (f) 200 �mol L−1; (g) 300 �mol L−1 procaine. The inset shows
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ment with the results obtained by extraction-spectrophotometric
method, as well as the label values described by the industrial
laboratory.

Table 1
Results of addition-recovery experiments using FIA amperometric proce-
dure for three different standard concentrations of procaine in pharmaceutical
formulations

Solution reference (mol L−1)/sample (mol L−1) Recoverya (%)

5.0 × 10−5/0.0 100.0 ± 2.5
4.0 × 10−5/1.0 × 10−5 97.8 ± 3.0
3.0 × 10−5/2.0 × 10−5 100.1 ± 2.2
.5 mL min−1. The inset shows the influence of flow rate on the amperometric
esponse.

The effect of the sample volume from 25 to 200 �L, on the
nalytical signal was also investigated by changing the length
f the sample loop (5–40 cm) for a 5.0 × 10−5 mol L−1 pro-
aine in 0.10 mol L−1 sodium acetate pH 6.0. The amperometric
esponse increased with the increase of sample volume from 25
o 100 �L reaching a plateau for sample volumes higher than
00 �L. Therefore, a sample volume of 100 �L was used in the
urther experiments.

The analytical path represented by the distance from the
anual injector to electrochemical flow cell was also studied

n the range 25–55 cm under the same experimental condi-
ions as selected before. The results obtained showed that the
mperometric response of the screen-printed carbon electrode
s practically constant in the entire investigated interval, and an
nalytical path of 30 cm was chosen for optimum amperometric
esponse.

In order to obtain the analytical curve for procaine, ampero-
etric measurements were carried out in sodium acetate solution

pH 6.0) containing different procaine concentrations using the
ptimized operating conditions for the FIA procedure.

Fig. 4 illustrates the transient current signals for differ-
nt procaine concentrations. The current values (at 0.80 V)
btained gave a linear relationship with procaine concen-
rations from 9.0 × 10−6 to 1.0 × 10−4 mol L−1 (see inside
ig. 4). This plot could be represented by the equation:
/nA = 9.0 + 1.3 × 106Cprocaine (mol L−1), with a linear correla-
ion coefficient of 0.9997 (n = 6). From 1.0 × 10−4 mol L−1 a
eviation from linearity occurred due to saturation of the elec-
rode surface. The detection limit [20] was 6.0 × 10−6 mol L−1

three times the standard deviation of the intercept/slope).
he relative standard deviation (R.S.D.) for 15 replicates of

.0 × 10−5 mol L−1 procaine was 3.2% and the analytical fre-
uency was 36 injections per hour. These experimental results
how that the current response are very reproducible and unless
he screen-printed carbon electrode is disposable, in this work

2
1
0

he analytical curve for procaine. Applied working potential +0.80 V vs. carbon
rinted; sample volume 100 �L of procaine; flow rate 3.8 mL min−1.

ossesses long-term stability. It was observed that a same screen-
rinted carbon electrode can be used at least for 100 measure-
ents.

.3. Analytical applications

In order to investigate the analytical application of this
ethod, the matrix effect was evaluated by addition-recovery

xperiments carried out in a commercial pharmaceutical for-
ulation containing procaine. The results obtained by standard

ddition method are shown in Table 1. Recoveries ranging from
4.8 to 102.3% of procaine were obtained using the proposed
IA amperometric procedure. This is a good evidence of the
ccuracy of the proposed method.

The proposed FIA amperometric procedure was applied for
he determination of procaine in the pharmaceutical formula-
ion Timpanol®. The procaine content was determined by the
tandard addition method and compared with an official method
roposed in the literature [1]. The content of procaine calculated
y both methods is reported in Table 2. The results are in agree-
.0 × 10−5/3.0 × 10−5 99.4 ± 0.9

.0 × 10−5/4.0 × 10−5 98.7 ± 1.7

.0/5.0 × 10−5 100.2 ± 1.3

a n = 3.
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Table 2
Mean values obtained for the determination of procaine in pharmaceutical for-
mulation by FI amperometric procedure in comparison with the official method

Sample Timpanol®

Label value 50 mg mL−1

Official methoda 52 ± 1 mg mL−1

FIA methoda 53 ± 2 mg mL−1
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The statistical calculations for the assay results showed good
recision of the FIA amperometric method. The results obtained
ere also compared by applying the F-test and t-test at 95% con-
dence level [21]. In either case the calculated F or t values not
xceed the theoretical values (F3.3 = 9.28, t6 = 2.45), confirm-
ng that there are no significant differences between the results
btained by both procedures.

. Conclusions

This work demonstrates that the screen-printed carbon elec-
rode is a promising analytical tool, which can be used as
imple sensors able to detect procaine in simple and rapid
ay than other electroanalytical methods proposed in the lit-

rature. The screen-printed carbon electrode offers the advan-
age to be easily coupled with FIA systems. The developed
ystem offers a reliable method for procaine determination in
harmaceutical formulations without prior chemical or electro-
hemical surface treatment. There is also no need of sample
re-treatment. In the flow analysis condition the adsorption
ffect was minimized, demonstrating by the good reproducibil-
ty between the measurements, suggesting that FIA ampero-

etric procedure offers a good possibility for extending the
echnique in routine analysis of procaine in the pharmaceuti-
al formulations. In addition, some advantages of the screen-

rinted electrode can be also taken into consideration such as:
ow cost, easy construction and storage, potential for minia-
urization, facility of automation and construction of simple
quipment.

[
[
[

and Biomedical Analysis 43 (2007) 315–319 319

cknowledgements

The scholarships granted by FAPESP (contract no. 03/05567-
(ALS) and no. 04/00111-8 (MFB)), CAPES and CNPq are

cknowledged.

eferences

[1] The United States Pharmacopoeial Convention Inc., vol. II, Rochville, MD,
23rd Version, 1995.

[2] S.X. Peng, Pharmaceutical Chemistry, Chemical Industry Press, Beijing,
1995.

[3] M.E. El-kommos, K.M. Emara, Analyst 112 (1987) 1253–1256.
[4] M.I. Arute-Martinez, J.L. Romero-Palanco, J. Gamero-Lucas, M.A.

Vizcaya-Rojas, J. Anal. Toxicol. 13 (1989) 341–345.
[5] L.D. Liu, Y. Liu, H.Y. Wang, Y. Sun, L. Ma, B. Tang, Talanta 52 (2000)

991–999.
[6] A.S. Carretero, C.C. Blanco, S.F. Peinado, R.E. Bergmi, A.F. Gutierrez, J.

Pharm. Biomed. Anal. 21 (1999) 969–974.
[7] H. Pasekova, M. Polasek, Talanta 52 (2000) 67–75.
[8] Y. Luo, B. McNamara, M.A. Fennell, D.C. Teleis, L. May, J. Rudy, A.O.

Watson, C.E. Uboh, L.R. Soma, J. Chromatogr. B: Biomed. Sci. Appl. 714
(1998) 269–276.

[9] A.J. Stevenson, M.P. Weber, F. Todi, M. Mendonce, J.D. Fenwick, L.
Young, E. Kwong, F. Chen, P. Beau-Mier, S. Timmings, D. Woodard, S.
Kacew, J. Anal. Toxicol. 16 (1992) 93–96.

10] T. Ohshima, T. Takayasu, J. Chromatogr. B: Biomed. Sci. Appl. 726 (1999)
185–194.

11] R. Kataky, S. Palmer, Electroanalysis 8 (1996) 585–590.
12] J.X. Zhou, L.J. Zhang, E.K. Wang, Electroanalysis 5 (1993) 295–301.
13] C.Y. Wang, X.Y. Hu, G.D. Jin, Z.Z. Leng, J. Pharm. Biomed. Anal. 30

(2002) 131–139.
14] K. Wu, H. Wang, F. Chen, S. Hu, Bioelectrochemistry 68 (2005) 149–154.
15] K.C. Honeychurch, J.P. Hart, Trends Anal. Chem. 22 (2003) 456–469.
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