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ABSTRACT

The determination of sildenafil citrate in the presence of its
oxidative-induced degradation products by reversed-phase HPLC
is described.  The method was validated as stability-indicating by
forced decomposition of sildenafil citrate in acid, base, oxidative,
thermal, and photochemical media.  The chromatographic condi-
tions employed a reversed-phase C18 column (LiChrospher, 5 µm,
25 cm x 4.6 mm) isocratic elution with 70 mM potassium phos-
phate monobasic containing 100 mM triethylamine (pH 3.0)-
ACN (70:30, v/v) and ultraviolet (UV) detection at 225 nm.  The
peak area versus sildenafil citrate concentration proved linear
over the 10-160% range of the working analytical concentration
of 0.5-mg/mL.  Mean absolute recovery of sildenafil citrate using
the described method was 100.9 ± 1.1 % (mean ± SD, n = 9).  The
precision, expressed as relative standard deviation (RSD), of ten
replicate injections of sildenafil citrate reference solution,
remained below 0.51 %.
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INTRODUCTION

Sildenafil [5- [2 - Ethoxy-5- (4 - methylpiperazin - 1 - ylsulfonyl) phenyl]-
1-methyl-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-7-one] is used for
the treatment of erectile dysfunction.1 Sildenafil is a potent selective inhibitor
of type V CGMP phosphodiesterase (PDE-V) found in human corpus caver-
nosum.2 The recommended dosage of sildenafil citrate is 50 mg taken about one
hour before anticipated sexual activity.1

A computer search (Medline, Analytical Abstracts and International
Pharmaceutical Abstract) disclosed only one HPLC method for the assay of
sildenafil citrate in biological fluids.3 The described method fails to provide
selectivity data for various stress conditions of the finished product.

Sildenafil has basic functional groups with a pKa value of 8.7.3 Difficulties
may arise during the analysis of compounds with basic properties.  Adsorption
of such compounds by exposed silanols on C18 column materials may be
avoided by working at acid pH, thus preventing dissociation and acid exchange.
As a rule, the addition of a terciary amine such as 30 mM of triethylamine is
enough to correct the chromatogram.

This report describes a sensitive, accurate, and reproducible reversed phase
HPLC method for the determination of sildenafil citrate in tablets.  In this
method, which was found to be stability-indicating, the effect of mobile phase
pH on resolution, tailing factor, and retention time were examined. 

EXPERIMENTAL

Apparatus

The chromatographic system consisted of a dual piston reciprocating
Spectra Physics pump (Model ISO Chrom. LC pump), a UV-Vis Hewlett
Packard detector (Model 1050), a Hewlett Packard integrator (Series 3395) and
a Rheodyne injector (Model 7125).

Chemicals and Reagents

Acetonitrile used in the mobile phase was HPLC grade.  Distilled water
was passed through a 0.45-micron membrane filter.  Monobasic potassium
phosphate, triethylamine, and phosphoric acid were AR grade.  Solutions and
mobile phase were prepared just before use and all solvents and solutions for
HPLC analyses were filtered through a Micron Separations N04SP04700
nylon membrane filter (pore size 0.45 µm) and vacuum degassed before 
use.
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Sildenafil citrate was kindly donated by Laboratorios Kampel Martian
(Argentina) and used as standard without further purification.

A commercial local tablet formulation was used.  Its composition was:
Sildenafil citrate 70.24 mg, in a matrix of: microcrystalline cellulose, povidone,
sodium crosscarmelose, hydroxypropyl methylcellulose, magnesium stearate,
colloidal silicon dioxide, dibasic calcium phosphate, polyethylene glycol 6000,
sodium saccharin, and sodium cyclamate. 

Chromatographic Conditions

The mobile phase consisted of a buffer solution [70 mM monobasic potas-
sium phosphate and 100 mM triethylamine in water (pH 3.0)-acetonitrile
(70:30, v/v)], prepared by adding 9.7 g of monobasic potassium phosphate and
10.4 g of triethylamine to 1 L of water and the pH adjusted to 3.0 ± 0.1 with 85
% phosphoric acid.  For mobile phase preparation, 700 mL of the buffer solu-
tion and 300 mL of acetonitrile were combined, mixed well, allowed to equili-
brate to room temperature, and vacuum degassed before use.

The analytical column was a Merck LiChrospherR 100 RP-18 (4 x 250 mm,
5 µm) column.  All analyses were performed under isocratic conditions at a 1.0-
mL/min flow rate, and 15-min run time, at room temperature.  In these condi-
tions sildenafil citrate retention time (tR) was roughly 7 minutes.  Detector sen-
sitivity was set at 2 a.u.f.s. and eluents monitored at  225 nm.  The volume of
each injection was 20 µL.

Calibration Curve

Solutions ranging from 50 to 800 µg/mL of sildenafil citrate were prepared
in the mobile phase from a methanol stock solution of sildenafil citrate standard.
The calibration curve was constructed by plotting peak areas against micrograms
injected.

Preparation of Solutions

A standard stock solution of Sildenafil citrate, 1 mg/mL, was prepared in
methanol.  The standard preparation was obtained by diluting the Sildenafil cit-
rate stock solution with mobile phase to yield a concentration of 0.5 mg/mL.

Resolution Solution

Twenty five milligrams of Sildenafil citrate were dissolved in 10 mL of H2O2

30 vol, refluxed for 15 min, and suitably diluted to 50 mL with mobile phase.
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System Suitability 

System suitability results were calculated according to the USP 23 <621>
from typical chromatograms.4 Instrument precision as determined by ten suc-
cessive injections of the standard preparation should provide a relative standard
deviation (RSD) below 1.0%.  The tailing factor should not exceed 1.4 at 5%
peak height.  Column efficiency should be greater than 900 theoretical plates.
Finally, 20 µL of the Resolution Solution were injected.  The resolution between
sildenafil citrate and the nearest adjacent peak should be greater than 2.2
(Figure 1).

Stability-Indicating Validation

The HPLC method was validated as stability-indicating by forced degra-
dation of sildenafil citrate.  Samples were prepared by transferring approxi-
mately 25 mg of sample into 50 mL volumetric flask.  Sildenafil citrate was
subjected to thermal (in an oven at 110°C, 24 h) and photochemical degrada-
tion (in an open container exposed to daylight for 24 h).  Intentional degrada-
tion was attempted using 10 mL of HCl 1N, NaOH 1N, H2O2 30 vol and reflux-
ing for at least 15 minutes.  After degradation treatments were completed,
samples were allowed to cool to room temperature and diluted to the same con-
centration as the standard preparation, after being neutralized with acid-base if
required.  Samples were then analyzed against the standard. 
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Figure 1. Effect of Mobile Phase Buffer pH on Sildenafil Citrate Tailing Factor.
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Accuracy

Assay accuracy was assessed by fortifying placebo tablets with known
amounts of sildenafil citrate at 80, 100, and 120% of sample solution concentration.

Procedure

Solutions were prepared on a weight basis and volumetric flasks used as
suitable containers in order to minimize solvent evaporation.  

Prior to injecting solutions, the column should be equilibrated for at least
30 minutes with the mobile phase flowing through the system.  Quantitation
was accomplished by using an external standard method.  Each solution was
injected in triplicate and the relative standard deviation (RSD) was required to
remain below 1.5% on a sildenafil citrate peak area basis.

RESULTS AND DISCUSSION

Effect of Mobile Phase pH on Tailing Factor, Resolution, and Retention Time

Resolution solutions of sildenafil citrate at different pH values of buffer
solution were analyzed.  Figures 1 and 2 show the effect of mobile phase buffer
pH solution on the tailing factor of sildenafil citrate peak and on resolution,
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Figure 2. Effect of Mobile Phase Buffer pH on Sildenafil Citrate Resolution.
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both of which were significantly affected.  Based on these results, a pH range
of 3.0 ± 0.1 was selected (Table 1).

Specificity

Sildenafil citrate was stressed by thermal, acidic, basic, oxidative, and pho-
tochemical degradation for up to 24 hours.  No interfering peaks at the retention
time of sildenafil citrate were observed in any of the stressed sample (Table 2).

Stability determinations were conducted to assess method specificity for
the assay of sildenafil citrate without interference from the oxidative-induced
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degradation products.  The forced degradation experiment described above
yielded a reduction in intact sildenafil citrate (retention time 7.335 minutes)
with the formation of a new peak eluting at circa 9.475 minutes (Figure 3).

Precision

The precision of the results, reported as the relative standard deviation
(RSD%), was 0.51 % as determined on 10 replicate injections of standard
preparation. 
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Figure 3. Chromatograms of Sildenafil Citrate Standard (A) and Oxidative Degradation (B).
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Linearity

Six solutions containing sildenafil citrate at concentrations ranging from
50 to 800 µg/mL were analyzed.  The curve of peak area versus micrograms
injected proved linear.  Response linearity was evaluated by regression analysis
and the regression equation (Y = 9841153X – 920663) presented a correlation
coefficient (r) of 0.99988 while intercept values were not significantly different
from zero, (p = 0.05) (Table 3). 

Microsoft Excel software was used to plot peak areas versus micrograms
injected (Figure 4).

Accuracy

Placebo tablets were spiked at different levels with known amounts of
sildenafil citrate at 80, 100, and 120%.  Individual recovery ranged from 99.1
to 102.3 (Table 4).  Recovery at all levels was 100.9 % with an RSD value of
1.1%. 

Recovery linearity was evaluated by plotting the amount recovered versus
the amount spiked.  Linear least squares analysis of the data yielded a correla-
tion coefficient (r) value and slope of 0.9983 and 0.9764 respectively. The 
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r value indicates that the method is linear over the concentration range investi-
gated.  The slope value was close to unity and the intercept was not significantly
different from zero (t test, p = 0.05) which confirmed the accuracy of the
method over the range investigated.
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Figure 4. Peak Area Response Versus µg Injected of Sildenafil Citrate.
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Sildenafil citrate recovery achieved showed that there was no interference
from excipients present in the tablets.

Range

Assay method range was set at 80 to 120% of the finished product label
claim, since the method proved precise, accurate, and linear within these limits.

CONCLUSION

The HPLC method described in this work is simple, precise, accurate, and
useful for stability studies on sildenafil citrate.  It is also suitable as an alterna-
tive for routine analysis and quality control of sildenafil citrate in tablets.
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