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APRESENTAÇÃO
A proposta implícita nessa coletânea fundamenta-se numa valorização eclética da 

pluralidade e diversidade, que reúne pesquisas que envolvem diversas linhas de abordagem, 
destacando-se por meio de tendências de estudos envolvendo a Ciência “Química”. Tendo 
como propósito principal disseminar e divulgar no meio acadêmico, envolvido com tal 
Ciência, informações provenientes de estudos e pesquisas desenvolvidas pela comunidade 
acadêmica contemporânea. 

O e-book “A Geração de Novos Conhecimentos na Química”, está dividido em 
dois volumes, totalizando 46 artigos científicos, destacando-se temáticas pesquisadas 
e discutidas por estudantes, professores e pesquisadores. Os quais evidenciam, artigos 
teóricos e pesquisas de campo, abrangendo a linha de Ensino e diversas outras linhas de 
estudo, que se desenvolveram por meio de pesquisas laboratoriais. 

O volume I aborda tendências, envolvidos com a área de Ensino de Química, os 
quais dão ênfase as seguintes abordagens: Ensino Remoto, Experimentação, Concepções 
Pedagógicas, Bioinformática, Contextualização, Jogos Lúdicos, Redes Sociais, 
Epistemologia, Formação de Professores, Habilidades e Competências e Metodologias 
utilizadas no processo de Ensino e Aprendizagem.

O volume II aborda temáticas de cunho experimental, desenvolvidas e comprovadas 
por meio das análises desenvolvidas em diferentes universidades brasileiras, dando 
ênfase à: Química Inorgânica, Eletroquímica, Química Orgânica, Química dos Alimentos, 
Quimiometria, Química Analítica, Química Biológica, Nanoquímica e Processos Corrosivos. 

A coletânea é indicada para àqueles (estudantes, professores e pesquisadores) 
envolvidos com a Ciência “Química”, que anseiam por intermédio de informações atualizadas, 
apropriarem-se de novas informações, correlacionadas a pesquisas acadêmicas, tendo 
desta forma, novas bases de estudo e investigação para a aquisição e construção de novos 
conhecimentos. 

Excelente leitura!

Eleonora Celli Carioca Arenare
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ABSTRACT: A simple, fast and sensitive method 
for the determination of lodenafil carbonate in 
pharmaceutical formulations was developed 
by employing the technique of square-wave 
cathodic stripping voltammetry (SWCSV), using 
the hanging mercury drop electrode and sulfuric 
acid 0.10 mol L-1 as a support electrolyte. In the 
optimized conditions (accumulation potential -0.8 
V, accumulation time 40 s, equilibration time 7 s, 
scan increment 6 mV, pulse amplitude 60 mV, 
frequency 100 Hz) the method presented linearity 
ranging from 1.5x10-7 mol L-1 to 1.0x10-6 mol 
L-1, the quantification and detection limits were 
1.4x10-8 mol L-1 and 4.6x10-9 mol L-1, respectively. 
The method was validated for the application in 
the determination of lodenafil carbonate in drugs.
KEYWORDS: Analytical methods, lodenafil 
carbonate, voltammetry.

DETERMINAÇÃO DO CARBONATO DE 
LODENAFILA POR VOLTAMETRIA DE 

REDISSOLUÇÃO CATÓDICA POR ONDA 
QUADRADA

RESUMO: Um método simples, rápido e 
sensível para a determinação do carbonato 
de lodenafila em formulações farmacêuticas, 
foi desenvolvido empregando a técnica de 
voltametria de redissolução catódica por 
onda quadrada utilizando o eletrodo de gota 
pendente de mercúrio e ácido sulfúrico 0,10 
mol L-1 como eletrólito suporte. Nas condições 
otimizadas (potencial de acumulação -0,8 V, 
tempo de acumulação 40 s, tempo de equilíbrio 
7 s, incremento 6 mV, amplitude de pulso 60 
mV, frequência 100 Hz) o método apresentou 
linearidade na faixa de 1,5x10-7 mol L-1 a 1,0x10-6 
mol L-1, os limites de quantificação e de detecção 
calculados foram respectivamente 1.4x10-8 mol 
L-1 e 4,6x10-9 mol L-1. O método foi validado para 
aplicação na determinação do carbonato de 
lodenafila em fármacos.
PALAVRAS - CHAVE: carbonato de lodenafila, 
métodos analíticos, voltametria.

1 | INTRODUCTION
Erectile dysfunction (ED) is defined 

as the difficulty to start or keep enough penile 
erection for a satisfactory sexual activity, and it 
is the most common sexual problem that affects 
men (DAVIS et al., 2012). It is estimated that 
approximately 50% of the male population aged 
between 40 and 70 years old will suffer from ED 
at a stage of their lives (HASANAIN et al., 2017). 

http://lattes.cnpq.br/8222697122139204
http://lattes.cnpq.br/3256907601004018
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Among the several available options for treatment, the possibility to use drugs of the class of 
the phosphodiesterase type 5 inhibitors (PDE-5) is pointed out (SCAGLIONE et al., 2017).

Lodenafil carbonate (LC), (bis-(2- {4- [4-ethoxy-3- (1-methyl-7-oxo-3-propyl-
6,7-dihydro-1H- pyrazolo [4,3-d]pyrimidin-5-yl) - benzenesulfonyl]piperazin-1-yl} -ethyl)  
carbonate is a PDE-5 inhibitor developed in Brazil, and it is a dimer formed by two lodenafil 
molecules linked by a carbonate bridge (Figure 1A). After the ingestion, the carbonate bridge 
is broken and two lodenafil molecules (Figure 1B) are released (CODEVILLA, CASTILHOS 
& BERGOLD, 2013; DAVIS et al., 2012; HASANAIN et al., 2017; SCAGLIONE et al., 2017).

There are studies reporting the determination of LC in pharmaceutical formulations 
using mainly chromatographic techniques (CODEVILLA et al., 2011a; CODEVILLA et al., 
2011b; CODEVILLA et al., 2012). However, even though common, the chromatographic 
techniques are high-priced and not all laboratories have the necessary equipment for this 
kind of quantification. Thus, simpler, faster, and low-cost analytical methodologies are 
desirable in routine analyses.

Electroanalytical techniques are an interesting option for the analysis of drugs 
since many of these compounds have an electrochemical response (HIGSON, 2009; 
RODRIGUES FILHO et al., 2015). Among them, voltammetric techniques stand out; they 
present advantages about chromatographic methods because the cost of operation and 
instrumentation is low, they allow a fast and sensitive analysis, with little need of treatment 
and purification of the sample (DEMIR & INAM, 2015). Among the electrodes employed, the 
hanging mercury drop electrode (HMDE) is pointed out. It has been used in the analysis 
of organic compounds, such as drugs, colorings, and pesticides (CAÇAR, DURMUS & 
KILIÇ, 2014; CUELLAR et al., 2019; Eş & Taşdemir, 2015; GÓMEZ et al., 2016; KABLAN 
& ÖZALTđN, 2019). This electrode has advantages in comparison with solid electrodes 
since it has an extremely plain, uniform, and renewable surface, which avoids poisoning 
problems, contributing to better reproducibility. It is worth highlighting that, even though 
mercury is toxic, the amounts used in the measurements with HMDE are extremely small, 
and the whole process is carried out in a controlled way. Because of that, it can be recovered 
and later be recycled by specialized companies, allowing its use safely, making it possible to 
explore its advantages about other kinds of electrodes (NUNES, ANJOS & QUINÁIA, 2018).

All things considered, in this work a new method was developed for the determination 
of LC in pharmaceutical formulations by square-wave cathodic stripping voltammetry using 
the HMDE as a working electrode. The methodology developed was compared to the 
spectroscopy one in the ultra-violet region (UV) (CODEVILLA et al., 2011b).
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Figure 1: Chemical structures of lodenafil carbonate (A) and lodenafil (B).

2 | MATERIALS AND METHOD

2.1 Materials and Apparatus
The voltammetric measurements were performed in the Methrom 757 VA voltammetric 

analyzer, controlled by the 757 VA Computrace software (Methrohm, Switzerland). All the 
measurements used a 10 mL cell with a system of three electrodes, being HMDE the 
working electrode (drop size 4), a platinum wire an auxiliary electrode, and an Ag/AgCl 
(KCl 3.0 mol L-1) electrode as a reference electrode. The solutions were purged with 
nitrogen (Air Liquide, 99.999%). The pH measurements were performed with a pH meter 
(Hanna, EUA), using a glass electrode with Ag/AgCl. For the preparation of the samples, a 
centrifuge (Quimis, Brazil) and an ultrasonic bath (Hipperquímica, Brazil) were used. The 
spectroscopy measurements in the ultraviolet region were taken with the Spectrum SP-
2000UV spectrophotometer.

All the reagents used in this work had an analytical grade. The standard of LC (98.6%) 
was kindly given by the “Cristália Produtos Químicos Farmacêuticos LTDA” company. The 
pharmaceutical samples containing the active principle were acquired in the local business. 
The stock solutions were prepared through the dissolution of the standard in 500 μL of 
dichloromethane (NUCLEAR, Brazil), being later diluted at 10 mL with ethanol (Biotec, 
Brazil). The solution of sulfuric acid (Merck, 95–97%) was prepared through the dilution of 
ultrapure water obtained from a Milli-Q purification system (Millipore, Brazil). The pH of the 
solutions was adjusted with the addition of NaOH (Synth) 2.0 mol L-1. For the UV method, 
ultrapure water was acidified with acetic acid (Carlo Erba) up to pH 4.
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2.2 Voltammetric measurements
The cyclic voltammetry was employed in the study of the LC reduction mechanism. 

Solutions containing LC 1.0 μmol L-1 were analyzed in the range from -0.7 to -1.2 V. (Eac 
-0.8 V; accumulation time of 30 s; in H2SO4 0.10 mol L-1). In these conditions, the scan rate 
ranged from 25 to 500 mV s-1.

For qualitative measurements, square-wave stripping voltammetry was used. The 
optimization of the experimental parameters was carried out with a solution of LC 1.0 μmol 
L-1 in 10 mL of sulfuric acid 0.10 mol L-1. The parameters were studied in the following 
ranges: pH from 1 to 3; accumulation time from 10 to 100 s; accumulation potential from 
-0.8 to 0 V; equilibration time from 0 to 18 s; increment from 2 to 10 mV; amplitude from 10 
to 100 mV and frequency from 10 to 140 Hz.

The validation of the methodology developed was carried out through the evaluation 
of performance characteristics, such as linearity, the limit of detection (LOD), limit of 
quantification (LOQ), accuracy, and precision. An analytical curve from 0.15 to 1.5 μmol 
L-1 was built in triplicate. The data were treated with the Minitab statistical software, to 
evaluate linearity in this range of concentration. LOD and LOQ were determined by the 
following equations LOD =3.3SB/B and LOQ = 10SB/B, where SB is the standard deviation 
of ten blank readings, and B is the slope of the analytical curve. Measurements of five 
solutions containing 0.15 μmol L-1 of LC were performed on the same day and on different 
days to determine the precision of the method developed. The accuracy of the method was 
evaluated through addition and recovery tests (0.15, 0.30, and 0.45 μmol L-1) in solutions of 
the commercial sample, and also by the comparison of the proposed method with the UV 
method described in the literature.

The preparation of the commercial sample was carried out through the weighing 
and maceration of a pill until a thin powder was obtained. The necessary amount of the 
pill was precisely weighed and dissolved in 500 μL of dichloromethane, and subsequently, 
5 mL of ethanol were added; this solution was taken to an ultrasonic bath for 10 minutes, 
then centrifuged and the supernatant was diluted with ethanol up to the volume of 10 mL. 
The voltammetric measurements were performed using 15 μL of the standard with 10 mL 
of electrolyte.

2.3 UV measurements
The UV measurements were carried out by dissolving 0.001g to the LC standard with 

500 μL of dichloromethane, and after that ethanol was added until it completed 10 mL of 
solution. Sample aliquots were diluted in acidified water (pH 4). Then measurements on the 
spectrophotometer were performed with LC concentrations ranging from 1.0 to 20 μg mL-1 
(CODEVILLA et al., 2011b).

The preparation of the commercial sample was carried out as previously described 
for the voltammetric method. The measurements in 292 nm were performed taking out 
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aliquots of this solution, with subsequent dilution in acidified water pH 4 (CODEVILLA et 
al., 2011b).

3 | RESULTS AND DISCUSSION

3.1 Support Electrolyte and pH
The electrochemical response of the LC 0.50 μmol L-1 in HMDE was studied in 

acetate buffer 0.10 mol L-1 (pH 4), phosphate buffer 0.10 mol L-1 (pH 4), and H2SO4 0.10 mol 
L-1 (pH 1). H2SO4 0.10 mol L-1 was considered the most adequate support electrolyte for the 
development of the methodology. Due to the significant increase in the intensity of current 
and peak potential closest to zero. This condition is desirable as in this region there is lower 
interference in the baseline (Figure 2A).

The pH of the support electrolyte was varied by adding NaOH 2.0 mol L-1. It can be 
observed a displacement of the peaks to the most cathode regions with the increase of the 
pH of the medium, apart from a decrease in the intensity of the peak currents, indicating 
that protons may be involved in the reaction (Figure 2B), probably due to the reduction of 
the amide group (LAGERON et al., 1994). As the intensity of the signal is decreased with 
the increase of pH, it was decided to use H2SO4 0.10 mol L-1 as the support electrolyte to 
obtain better sensitivity.

Figure 2: A) square-wave cathodic stripping voltammograms of LC 0.50 μmol L-1 in different 
electrolytes. Red: H2SO4 0.10 mol L-1; green: acetate buffer 0.10 mol L-1 (pH 4); black: 

phosphate buffer 0.10 mol L-1 (pH 4). B) Square-wave stripping voltammograms of LC 1.5 
μmol L-1 in H2SO4 0.1 mol L-1 at different pH. Red: pH 1.00; green: pH 2.05; black: pH 2.99. 

Experimental conditions: accumulation potential -0.8 V, accumulation time 30 s, equilibration 
time 10 s, scan increment 6 mV, pulse amplitude 40 mV, frequency 120 Hz.

3.2 Cyclic voltammetry
The voltammetric behavior of LC was studied by using cyclic voltammetry at different 

scan rates. The presence of four peaks of reduction in -0.93, -1.00, -1,03, and -1.11 V 
can be observed (Figure 3). With the increase of the scan rate, the intensity of the peaks 
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increases, but in a non-linear way. Also, there are no anodic peaks, and the cathodic peaks 
suffer a displacement to the most negative regions with the increase of the scan rate. These 
characteristics indicate that the reduction process of LC occurs irreversibly (GOSSER 
JUNIOR, 1993).

Figure 3: Cyclic voltammograms of 1.0 μmol L-1 of LC in H2SO4 0.10 mol L-1. Black: support 
electrolyte at 100 mV s-1; blue: 25 mV s-1; dark yellow: 50 mV s-1; yellow: 75 mV s-1; pink: 100 

mV s-1; red: 300 mV s-1; green: 500 mV s-1. Conditions: Eac -0.8 V; accumulation time 30 
s;equilibration time 10 s.

There is a linear relationship (r = 0.999) between the logarithm of the peak current 
log Ip and the logarithm of the scan rate log ν (Figure 4A). The angular coefficient of the line 
is 0.53, indicating that the process of reduction of LC on the surface of the HMDE must be 
controlled by the diffusion since the value obtained for the slope of the line is close to the 
value 0.50, which is typical of processes controlled by diffusion. It was noticed that there is 
a linear relationship (r = 0.999) between the peak current IP, and the square root of the scan 
rate V1/2 (Figure 4B), such a fact which also indicates that the electrochemical process of LC 
occurs being controlled by the diffusion (GOSSER JUNIOR, 1993).
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Figure 4: A) The relationship between the logarithm of the peak current and the logarithm of the 
scan rate. B) The relationship between the peak current and the square root of the scan rate.

3.3 Optimization of the SWCSV Operation Parameters and validation
For the determination of LC, the SWCSV was chosen. To obtain a better voltammetric 

signal, parameters of the technique were optimized, and the data regarding this optimization 
are shown in Table 1. After being optimized, the parameters were used for the validation of 
the methodology developed.

Table 1: Data of the optimization of the SWCSV parameters.

Figure 5A presents the square-wave cathodic stripping voltammograms for different 
concentrations of LC in H2SO4 0.10 mol L-1. There is no increase in the voltammetric signal 
in concentrations higher than 1.0 μmol L-1, probably because of the saturation of the 
mercury drop due to the accumulation of LC, since the LC molecule has a high molar mass 
(1035.206 g mol-1). 

To prove the linearity of the technique, an ANOVA linear regression was carried out 
using the Minitab® 16.2.2 statistical software to the data of the calibration curve referring to 
the peak whose potential is closest to zero, as in this region there is lower interference in 
the baseline. For a model not to present a lack of adjustment, the value of the coeffi cient of 
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determination (R2) must be close to 100%, the f value of the regression (fr) must be higher 
than the value tabulated and the f value of lack of adjustment must be lower than the value 
tabulated.

For the interval of concentration of 0.15 – 1.0 μmol L-1, a coeffi cient of determination 
equal to 98.6% was obtained, such a value that is close to 100%, which is desirable (Figure 
5B). An f test was carried out for a confi dence interval of 95%. The f value of the regression 
found was 1337.12 such a value that is higher than the tabulated one (4.38). The f value of 
lack of adjustment found was 2.36, which is lower than the tabulated one (2.96). This fact 
proves the linearity of the technique in this range of concentration, and the determination of 
LC in this concentration interval can be carried out.

Figure 5: A) Voltammograms of SWCSV for LC, additions of 0.15–1.5 μmol L-1 in 0.10 mol L-1

H2SO4. Wine: support electrolyte; purple: 0.15 μmol L-1; dark blue: 0.30 μmol L-1; dark yellow: 
0.45 μmol L-1; yellow: 0.60 μmol L-1; pink: 0.75 μmol L-1; cyan: 0.90 μmol L-1; blue 1.0 μmol L-1; 

green: 1.2 μmol L-1, red: 1.3 μmol L-1; black: 1.5 μmol L-1. B) cathodic peak current as a function 
of LC concentration. Experimental conditions: accumulation potential -0.8 V, accumulation time 
40 s, equilibration time 7 s, scan increment 6 mV, pulse amplitude 60 mV, frequency 100 Hz.

The values calculated for the LOQ and the LOD were 1.4x10-8 mol L-1 and 4.6x10-

9 mol L-1, respectively. The inter-day precision was calculated by the measurement of 5 
solutions of LC 0.15 μmol L-1, on the same day, and the value of relative standard deviation 
was equal to 2.9%.  The inter-day precision was evaluated by the measurement of fi ve 
solutions of LC 0.15 μmol L-1 on different days, and a value of relative standard deviation 
equal to 5.8% was obtained. Both, the values of the relative standard deviation of intra-day 
precision and inter-day precision, were lower than the maximum accepted by the AOAC for 
this range of concentration, which is 15% (AOAC, 2016).

In Table 2, some analytical parameters are shown, and they refer to methods 
employed for the determination of LC in pharmaceutical formulations. When comparing the 
techniques, it can be noticed that the method proposed in this article has better sensitivity, 
being possible to detect far lower amounts of LC than the ones described by other methods.
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Table 2: Comparison of the methods for the determination of LC in pharmaceutical formulations.

The accuracy was evaluated by addition and recovery tests in samples of pills 
containing LC. For the calculation of recovery, the following formula was used: REC= (C1 
– C2) x 100 /C3, where REC is recovery, C1 is the concentration found after the addition, 
C2 is the concentration found before the addition, and C3 is the added concentration. The 
recovery values obtained (Table 3) were higher than 80%, such a value that is within the 
range accepted by the AOAC for this range of concentration (AOAC, 2016).

Table 3: Determination of LC in tablet sample (80 mg per tablet) by the recovery method.

The method proposed was compared to the UV method (CODEVILLA et al., 2011b). 
To do so, an analytical curve from 1.0 to 20 μg mL-1 of LC was built (fi gure 6). The linearity of 
the technique was determined with an ANOVA linear regression using the Minitab® 16.2.2. 
statistical software.

For the concentration interval from 1.0 to 20 μg mL-1, a determination coeffi cient 
equal to 99,5% was obtained, such a value that is close to 100% (Figure 6). The f test was 
performed for a confi dence interval of 95%. The f value of the regression found 3508.88 
is higher than the tabulated one (4.49). The f value of lack of adjustment found 1.28 is 
lower than the tabulated one (3.26), proving the linearity of the technique in this range of 
concentration.
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Figure 6: Measurements of UV absorption (292 nm) with different concentrations of LC.

The results obtained by the SWCSV and UV methods were compared through a 
paired t-test, the t value found was equal to 2.97, which is lower than the t tabulated one 
(3.18), for a confi dence level of 95%. This demonstrates that the method was equivalent 
to the UV one, and it can be employed in the determination of LC in pharmaceutical 
formulations.

4 | CONCLUSION
The determination of LC in pharmaceutical formulations using SWCSV with HMDE 

was successfully achieved. By using H2SO4 0.10 mol L-1 as a supporting electrolyte, peaks 
with a higher current signal can be obtained in comparison with the other electrolytes studied. 
After the optimization of the SWCSV parameters, the method was validated presenting 
satisfactory precision and accuracy, according to the validation guidelines followed. The 
LOQ and LOD values found were 1.4x10-8 mol L-1 and 4.6x10-9 mol L-1, respectively, and 
they were lower than the ones obtained by other methods. The method developed can 
be effi ciently employed in the determination of LC in pills, at a low cost, when compared 
to chromatography, which is normally used in the determination of organic compounds; 
besides the simplicity of implementation, the method is fast and sensitive.
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