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Abstract: The voltammetric study of sildenafil citrate has been studied on glassy carbon electrode using cyclic voltammetry and differential pulse vol-
tammetry method. Sildenafil citrate gives a single irreversible oxidation wave over the wide pH range studied. Using differential pulse voltammetry and
cyclic voltammetry, sildenafil citrate yielded a well defined voltammetric response in Britton-Robinson buffer solution, pH 3.26 at 1200 mV verses
Ag/AgCl.

Key words: Viagra, GCE, CV

1. Introduction 1.2. Objectives of the study

1.1. General background General Objective . o .
Sildenafil citrate (Viagra) is a drug useful for treating male he general objective of this thesis is to study the voltammetric
erectile dysfunction (ED)."® It is also effective for treatment of ~behavior of sildenafil citrate.

pulmonary arterial hypertension (PAH).® The release of this . L

drug have a very large impact. This was due to the fact that SPecific Objective

the drug was a breakthrough for men suffering from ED. They v" To check pH dependence of the oxidation property of
represent a significant part of the male population : it is esti- sildenafil citrate . .

mated that 10% of men suffer from erectile dysfunction, and as ¥ To study the oxidation property of sildenafil citrate at
much as 52% for men between 40 and 70 years old.” In 1998, different scanrate . -

the drug Viagra was introduce as an effective way to treat v To.examme the oxidation property of sildenafil citrate
male erectile dysfunction.® It goes by the generic name of sil- using CV and DPV

denafil citrate. It has quickly become one of the most popular ]

and most prescribed drugs in the world. Sildenafil citrate was 2. Experimental part

synthesized by a group of pharmaceutical chemists working at .

Pfizer’s research facility in England. It was discovered by acci- 2.-1. Chemicals and Reagents

dent while attempting to produce a drug to treat coronary heart All reagents are of analytical grade and the solutions were
disease. It became the first oral treatment accepted by the prepared using distilled water. The following chemicals were
Food and Drug Administration (FDA) to treat MED. Sildenafil use throughout the study;

citrate is designated chemically as 1-[[3-(6,7-dihydro-1-methyl- v" Methanol (Blulux)
7-ox0-3-propyl-1H-pyrazolo[4,3-d] pyrimidin-5-yl)-4- ethoxy- v Sildenafil citrate (Viagra) .
phenyl] sulfonyl]-4-methylpiperazine citrate and has the follow- v' Acetic acid (Blulux), boric acid (Blulux) and O-

phosphoric acid (Blulux)

ing structural formula.®
v" Sodium hydroxide (Blulux)

The working electrode was pretreated by polishing it with alu-
minium oxide powder and rinsed in distilled water.

O
=S S
h N N 2.2. Apparatus
N CHCH,CH, The vol i i formed using the BAS
- O/\CH3 > e voltammetric experlments were perrormea using the

100B, electrochemical analyzer [Bioanalytical systems (BAS),

o o USA], which was connected to a computer system. The pH of
the buffer solution was measured with a Jenway instruments
HO digital pH meter with a combination glass electrode. Mass of
HO OH solid reagents was measured using Denver instrument bal-
o ance. All the p otentials are determined with respect to a
o Ag/AgCI reference electrode.

Chemical formula: CogHagNeO11S 2.3. Electrochemical cells and Electrodes

Molecular weight: 666.7 g/mole This work was performed using a three electrode system with

a one-compartment glass voltammetric cell, Ag/AgCl electrode
as a reference electrode and platinum wire as an auxiliary
electrode. The working electrode is glassy carbon electrode
(GCE).

Figure 1.1. The chemical structure of sildenafil citrate
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Figure 4.1. Complete voltammetric cell stand.
2.4. Procedure

2.4.1. Preparation of standard solution and Buffer solution
For both cyclic and differential pulse voltammetric study, 1.49
x 10° M of sildenafil citrate stock solution was prepared by
dissolving 0.1gram of sildenafil citrate in 100 ml of methanol.
0.04 M of Briton-Robinson buffer was prepared by mixing the
required amount of Acetic acid, Boric acid and O-phosphoric
acid and the pH was adjusted by adding drops of sodium hy-
droxide. Serial dilution of the stock solution was made with
aqueous buffer solution to obtain the working solutions from
1.10 x 10*Mto 1.54 x 10*M for CV analysis and 1.1013 x 10’
*Mt0 9.912 x 10° M for DPV analysis.

3. Result and Discussion

In this paper the electrochemical oxidation of sildenafil citrate
has been studied using cyclic voltammetry and differential
pulse voltammetry. The optimum pH needed to study the elec-
trochemical behavior of this compound using the above men-
tioned electroanalytical techniques was pH 3.26.

3.1. Electrochemical Behavior of sildenafil citrate in
Cyclic Voltammetry

3.1.1. The Cyclic Voltammogram of sildenafil citrate

The electrochemical behavior of sildenafil citrate was studied
using cyclic voltammetry at treated GCE. It shows one irre-
versible oxidation peak at about 1.23 V as shown in Figure 3.1
below. The obtained peak corresponds to the oxidation of pi-
perazine ring.
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Figure 3.1 Cyclic voltammogram of 1.32 x 10" M sildenafil
citrate at GCE in 0.04 M Briton-Robinson buffer (pH = 3.26) at
a scan rate of 100 mV/s

a. Effect of pH

The influence of pH on peak current of sildenafil citrate has
been studied in the pH range of 1.81- 5.01. When the pH of
the supporting electrolyte is increases, the peak current of the
voltammograms is shifted to a more negative potential. The
peak current obtained in a buffer of 5.01 is much less than that
obtained for the buffer solution of pH 3.26. Figure 3.2 shows
Cyclic voltammogram of 1.32 x 10™* M sildenafil citrate at dif-
ferent pH range in 0.04 M Briton-Robinson buffer. The maxi-
mum peak current was observed at pH 3.26. The peak current
is low at high pH ranges and starts increasing as the pH de-
creases and reaches a maximum value at pH 3.26. As shown
in Figure 3.3 the peak potential was also varied as the pH of
buffer varies.
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Figure 3.2. Cyclic voltammogram of 1.32 x 10°* M Sildenafil
citrate at different pH range (a. 1.81, b. 3.26, c. 4.15, d. 5.01)
in 0.04 M Briton-Robinson buffer at a scan rate of 100 mV/s

Inset: Plot of peak current versus pH
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Figure 3.3. Plot of the dependence of peak potential on pH for
the voltammogram shown in Figure 3.2
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b. Effect of Concentration

The effect of concentration was studied using cyclic voltamme-
try. The results are shown in Figure 3.4. When the concentra-
tion of sildenafil citrate increases the peak current increases
successively.
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Figure 3.4. Cyclic voltammogram of sildenafil citrate at differ-

ent concentrations (a. 1.10 x 10* M, b. 1.21 x 10* M, ¢. 1.32

x 10* M, d. 1.43 x 10* M, e. 1.54 x 10* M ) in 0.04 M Britton-
Robinson buffer (pH = 3.26) at a scan rate of 100 mV/s

Inset: Plot of peak current as a function of concentration

The linear dependence of peak current on sildenafil citrate
concentration is shown in the inset of Figure 3.4 With R = .998
and slope of (0.195). The linear fit follows the equation:

ip =-8.25 x 10 + 0.195 [SC], where SC is sildenafil citrate

c. Effect of scan rate

The cyclic voltammogram of sildenafil citrate solution was run
at different scan rates (Figure 3.5). As the scan rate changes
from 50 to 250 mV /s, there is an increase in the value of
anodic peak current with constant anodic peak potential.
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Figure 3.5. Cyclic voltammogram of 1.5 x 10** M sildenafil ci-
trate at different scan rates a. 50, b. 100, c. 150, d. 200, e.
250 mV/s

Inset: Plot of square root of scan rate versus peak current

The plot of peak current versus square root of scan rate shows
a linear relationship with R = 0.993. The result suggest that its
electrode reaction is diffusion controlled.

3.2. Electrochemical behavior of sildenafil citrate in
Differential Pulse Voltammetry

3.2.1. The differential pulse voltammogram of sildenafil
citrate

The electrochemical behavior of sildenafil citrate was studied
using differential Pulse Voltammetry at treated GCE. It shows
one irreversible oxidation peak at about 1.23 V as shown in
Figure 3.6 below. The obtained peak corresponds to the oxida-
tion of piperazine ring.
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Figure 3.6. Differential pulse voltammogram of 5.5066 x 10° M
sildenafil citrate at GCE in 0.04 M Briton-Robinson buffer (pH =
3.26) at a scan rate of 50 mV/s

a. Effect of Concentration

The effect of concentration can be shown by recording the
DPV at each concentration (1.1013 x 10° - 9.912 x 10° M).
The resulting differential pulse voltammogram consists of cur-
rent peaks, the height of which is directly proportional to the
sildenafil citrate concentration as shown in the Figure 3.7.
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Figure 3.7. Differential pulse voltammogram of sildenafil ci-
trate at different concentrations (a. 1.1013 x 10° M, b. 3.3039
x 10°M, c. 55066 x 10°M, d. 7.709 x 10° M, e. 9.912 x 10
°M ) in 0.04 M Britton-Robinson buffer (pH = 3.26) at a scan

rate of 50 mV/s

Inset: Plot of peak current as a function of concentration

The linear dependence of peak current on sildenafil citrate
concentration is shown in the inset of Figure 5.7 with R =
0.997 and slope of (0.072). The linear fit follows the equation:

i, =5.43383x10° + 0.072[SC]

b. The Effect of Pulse Amplitude

The effect of pulse amplitude was varied from 10 - 50 mV. The
Peak current is increase with an increasing in pulse amplitude.
There was peak broadening when the amplitude was less than
40 mV and the symmetry of voltammogram was not good
beyond 40 mV as shown in Figure 3.8, as a result, an ampli-
tude of 40 mV was choosen. The effect of pulse amplitude on
peak current is shown in the inset of Figure 3.8.
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Figure 3.8. Differential pulse voltammogram of 1.21 x 10*M
sildenafil citrate at different pulse amplitude

Inset: Plot of peak current as a function of differential pulse
amplitude

4. Conclusion and Recommendation

4.1. Conclusion

The electrochemical oxidation of sildenafil citrate in 0.04 M
Britton-Robinson media was successfully studied by electroa-
nalytical techniques, namely, CV and DPV at a glassy carbon
electrode. Several voltammetric parameters have been opti-
mized and their influence in peak current and peak potential
was studied . The pH effect of electrolyte solution has been
studied in CV. As the pH increases the anodic peak potential
drastically shift to the negative potential.
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4.2. Recommendation

The electrochemical behavior of Solid sildenafil citrate has
been determined using CV and DPV techniques. The methods
can be used for the qualitative and quantitative determination
of sildenafil citrate in a given pharmaceutical samples.

5. References
[1]1 Boolell, M.; Gepi-Attee, S.; Gingell, J. C.; Allen, M.J.
Sildenafil, a novel effective oral therapy for male
erectile dysfunction. Br. J. Urol. 1996, 78, 257-261.

[2] Fischer, H.; Romer, A.; Ulbrich, Arens, H. Planta Med.
1988, 398

[8] Gu, Z.; Zhang, D.; Yang, X.; Hattori, M.; Namba, T.
Chem. Pharm. Bull. 1990, 38, 2498

[4] Bauer, A. W.; Kirby, W. M.; Sherris, J. C.; Truck, M.
Am. J. Clin. Pathol. 1996, 45, 493

[5] Kalyoncuoglu, N.; Rollas, S.; Sur-Altiner, D,
Yegenoglu .Y.; Ang, O. Pharmazie.1992, 47,796

[6] Mahmood , K.T. and Khan, B. Pakistan J. Sci. 2010,
62

[71 Feldman, H. A.; Goldstein, |.; Hatzichristou, D. G.;
krane, R. J.; Mckinlay, J. B. J. Urol. 1994, 54,151.

[8] Kling, J.; "From hypertension to angina to Viagra".
Mod Drug Discov. 1998, 1, 31-38.

[9] http://www.pharmarawmaterials.com/sildenafil-
citrate.htm, 2010

[10] Dinesh, N. D.; Nagaraju, P.; Made Gouda, N. M;
Rangappa; Talanta. 2002, 57, 757-764.

[11] EI-Gindy, A. E.; Shokry, E. M.; Farouk, L.; Abd El-
Aziz, J. J. Biomed Sci and Res. 2010, 2, 262- 278

[12] Brett, M.A. Electrochemistry Principles Methods and
Applications, 18t ed.; Oxford University Press, New
York, 1993, 181-183

Copyright © 2014 IJTEEE.



