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ABSTRACT

The present work describes a simple, selective, specific, accurate, precise and inexpensive isocratic Reversed Phase-High
Performance Liquid Chromatography (RP-HPLC) method was developed and validated for the quantitative determination of
Sildenafil citrate in bulk and pharmaceutical tablet dosage form. A Welchrom C18 Column having 4.6 mm i.d X 250 mm, 5 um
particle size in isocratic mode with mobile phase containing 10 mM Phosphate buffer: acetonitrile (50:50 v/v) adjusted to pH-3.0
utilizing orthophosphoric acid. The flow rate was set to 1.0 ml/min with the responses monitored at 230 nm using Shimadzu SPD-
20A Prominence UV-Visible detector. The retention time of Sildenafil citrate was found to be 3.473 minutes. Linearity was
established for Sildenafil citrate in the range of 10-50 ug/ml with correlation coefficient 0.999. The LOD and LOQ were found to be
0.4221 pg/ml and 1.2792 ug/ml respectively. The amount of Sildenafil citrate present in the formulation was found to be 99.88 %.
The developed method was validated and successfully applied to the estimation of Sildenafil citrate in pharmaceutical dosage form.
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INTRODUCTION

ildenafil citrate marketed as Viagra™ (Pfizer) was

approved as a drug for treating male erectile

dysfunction (ED) by the US Food and Drug
Administration on 27 March 1998. Sildenafil citrate is 1-
[[3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1Hpyrazolo[4,3-
d]pyrimidin-5-yl)-4-ethoxyphenyl] sulfonyl]-4-methyl
piperazine citrate is a PDE5 inhibitor used for treatment
of ED. Nitric Oxide (NO) is released with sexual
stimulation from nerve endings and endothelial cells in
the spongy erectile tissue, the corpus cavernosum of the
penis. This release of NO activates the enzyme guanylate
cyclase. The enzyme guanylate cyclase then converts
guanosine triphosphate (GTP) into ¢cGMP causing the
smooth muscle to relax, which causes an inflow of blood,
which then leads to an erection. Cyclic guanosine
monophosphate (cGMP) is then hydrolyzed back to the
inactive GMP by phosphodiesterase type 5 (PDE5). The
level of cGMP is therefore controlled by the activation of
cyclic nucleotide cyclase and the breakdown by PDES.

Sildenafil citrate works by inhibiting the enzyme PDES5 by
occupying its active site. Men who suffer from erectile
dysfunction often produce too little amount of NO. Small
amount of cGMP produced is broken down at the same
rate and don't accumulate to cause a prolonged
vasodilatation effect. cGMP is not hydrolyzed as fast,
which allows the smooth muscle to relax leading to
increased blood flow into the organ and therefore penile
erection. Sildenafil is rapidly and incompletely absorbed
after oral administration, with absolute bioavailability of
approximately 40 %. According to Lee and Min, grape
fruit juice appears to increase the Cp,,, of Sildenafil by 42
% without significantly increasing area under the curve
(AUC).

Extensive literature studies on the developed analytical
methods on Sildenafil citrate revealed that very few
analytical methods have been forthcoming to determine
this drug in pharmaceutical dosage form. Some of them
are HPLCM, RP-HPLCS, Electrokinetic chromatographye,
LC-MS7"9, GC-MS™ for the estimation of Sildenafil citrate
were reported. But very few RP-HPLC methods have been
developed for determination of Sildenafil citrate in the
tablet form. However, the requirement of very simple,
fast, efficient, accurate, precise, time-saving and highly
reliable analytical RP-HPLC method for routine quality
control purpose always necessities to see a new and
better method. Thus the author has aimed to develop an
efficient method that could determine Sildenafil citrate in
its formulations. Therefore keeping all these in view,
there is ever imperative need to develop a method which
is simple, fast and economical. The structural formula of
the Sildenafil citrate drug is shown in figure 1.
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CH,COOH
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CH,COOH
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Figure 1: Chemical structure of Sildenafil citrate
MATERIALS AND METHODS
Chemicals and Reagents

Sildenafil citrate standard drug was kindly supplied as gift
sample by Hetero Drugs Ltd., Hyderabad, Telangana,
India. All the chemicals were analytical grade from
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Rankem Ltd., Mumbai, India, while acetonitrile (HPLC
grade) potassium dihydrogen phosphate, Potassium
hydrogen phosphate and triethylamine (HPLC grade) from
Merck pharmaceuticals Private Ltd., Mumbai, India. Ortho
phosphoric acid used was of HPLC grade and purchased
from Merck Specialties Private Ltd.,, Mumbai, India.
Commercial tablets of Sildenafil citrate formulation was
procured from local market. Caverta 100 mg were
manufactured by Ranbaxy Laboratories Ltd., Mumbai.

Instrumentation

Quantitative HPLC was performed on an isocratic high
performance liquid chromatography (Shimadzu LC-20AT
Prominence Liquid Chromatograph) with a LC-20AT VP
pump, manual injector with loop volume of 20 pl
(Rheodyne), programmable variable  wavelength
Shimadzu SPD-20A Prominence UV-Vis detector and
Welchrom C;5 Column (4.6 X 250 mm, 5um particle size).
The HPLC system was equipped with “Spinchrome”
software. In addition an electronic balance (Shimadzu TX-
223L), digital pH meter (Systronics model-802), a
sonicator (spectra lab, model UCB 40), UV-Visible
Spectrophotometer (Systronics model-2203) were used in
this study.

Chromatographic conditions

Sildenafil citrate was analyzed by various reversed phase
columns like Cg and Cis columns. Among Cg and Cig
columns, Cig (250 mm X 4.6 mm, 5 um) column was
selected. Various combinations of acetonitrile, phosphate
buffer and methanol with triethylamine as column
modifier were tested. The mixture of 10 mM Phosphate
buffer (pH adjusted to 3.0 using orthophosphoric acid)
and acetonitrile in ratio of 50:50 v/v was selected as
mobile phase and UV detection wavelength was 230 nm
with a flow rate of 1 ml/min. Injection volume was 20 y,
with ambient temperature, run time was 7 minutes and
retention time was 3.473 minutes.

Mobile phase preparation
Buffer preparation

Weigh accurately 1.488 g of KH,PO, and 0.288 g of
K,HPO, dissolved in 500 ml of water to get phosphate
buffer. pH was adjusted to 3.0 with orthophosphoric acid.
Above prepared buffer and Acetonitrile were mixed in the
proportion of 50:50 v/v. The mobile phase so prepared
was filtered through 0.45 um nylon membrane filter and
degassed by sonication.

Preparation of standard and working standard drug
solution

10 mg of Sildenafil citrate was correctly weighed and
dissolved in 10 ml of mobile phase. This is 1000 pg/ml
standard drug solution. This solution was filtered through
membrane filler (0.2 um) and sonicated for five minutes.
The above prepared solution was further diluted with the
mobile phase in different calibrated flasks to obtain
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working standard solutions of suitable concentrations
(10-50 pg/ml) of Sildenafil citrate.

Preparation of Sample solution

The content of 20 tablets were exactly weighed and
transferred into a mortar and ground to a fine powder.
From this, tablet powder which is equivalent to 100 mg of
Sildenafil citrate was taken and the drug was extracted in
100 ml of mobile phase. The resulting solution of
Sildenafil citrate was filtered using 0.45 um membrane
filter paper and degassed by sonication. This solution was
further suitably diluted for chromatography.

Selection of detection wavelength

For the selection of analytical wavelength 10 pg/ml
Sildenafil citrate solution was prepared from standard
drug solution and scanned in the range of 200 - 400 nm.
From the UV spectra, the maximum A__ of Sildenafil
citrate is found to be 230 nm. So this wavelength was
selected as the detection wavelength for analysis.

Optimization of mobile phase and method development

Optimization of mobile phase was done based on trail and
error method. A series of trials were conducted in order
to obtain correct optimized HPLC conditions. In the first
instance a number of mobile phase trials were done such
as methanol : water, acetonitrile : HPLC grade water,
methanol : acetonitrile : water in different ratio without
adjusting pH, infact there are different problems such as
high tailing factor, good symmetry and proper
chromatographic peak were not obtained. Finally after
reviewing the results, a mobile phase comprising of
phosphate buffer mixture duly adjusted to pH 3.0,
acetonitrile in the proportion of 50:50 v/v which full fill all
the criteria of system suitability and also obtained sharp,
well- gaussian shape peak. This mobile phase was
selected as the diluent because the drug is freely soluble
in the mobile phase. The stationary phase made up of
Welchrom Cyg column with 4.6 X 250 mm, 5 um were
observed and they are found to be utmost suitable for
Sildenafil citrate. The ultra violet spectrum of diluted
solutions of various concentrations of Sildenafil citrate in
mobile phase was recorded by utilizing UV
spectrophotometer ie., systronic double beam SL 2203.
The optimum wavelength for the detection of Sildenafil
citrate is 230 nm.

Table 1: Optimized chromatographic conditions and
system suitability parameters for proposed HPLC method
for Sildenafil citrate

Parameter Chromatographic conditions

SHIMADZU LC-20AT prominence liquid
Instrument

chromatograph

WELCHROM C;g Column (4.6 X 250
Column

mm, 5 um)

SHIMADZU SPD-20A prominence UV-
Detector

Visible detector
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i 10 mM Phosphate Buffer (pH-3): 1400 1

DU Acetonitrile (50:50 v/v)
: 1200 - 1168.784
Mobile bhase 10 mM Phosphate Buffer (pH-3): 1000 V= 23'2408’( -17.454
P Acetonitrile (50:50 v/v) R%=0.999 916.628

Flow rate 1 ml/min @ 800 1
Detect: 5 600 - 670.748

etection wave By UV at 230 nm E
length & 400 -

) . & Seriesl
T 12 7 I 200 210.697 Linear (Series1)
Column back 99 kgf o . . .
pressure
20 40 60
Temperature Ambient temperature (25°C) -200
YQlume of 20 ul Concentration (pg/ml)
injection loop " - - - T
Figure 2: Calibration curve of Sildenafil citrate

Retention time 3.473 Minutes
(R) : Validation of the proposed method
Theoretical plates o), The developed method of analysis was validated as per
[th.pl] (Efficiency) the ICH Q2 (R1)™"* for the parameters like system
Theoretical plates 356053 suitability, specificity, linearity, precision, accuracy,
per meter [t.p/m] robustness and system suitability, limit of detection (LOD)
Tailing factor and limit of quantitation (LOQ).
(asymmetry 1.23

factor) System suitability

System suitability tests are an integral part of
chromatographic method which was utilized to verify
Replicates of each calibration standard solutions (10, 20, 30, reproducibility of the chromatographic system. To
40, 50 pg/ml) were injected utilizing a 20 pl fixed loop system ascertain its effectiveness, certain system suitability test
and the chromatograms were recorded. Calibration curves Parameters were checked by repetitively injecting the
were constructed by plotting concentration of Sildenafil drug solution at the concentration level 10 ug/ml for
citrate on X-axis and peak areas of standard Sildenafil citrate Sildenafil citrate to check the reproducibility of the
on Y-axis. The least square analysis method was followed for system.

attaining the slope, intercept and correlation coefficient,
regression data values. Linear regression data of the
proposed method of Sildenafil citrate is computed in table 2.
Calibration curve of Sildenafil citrate is shown in figure 2.

Calibration curve of Sildenafil citrate

At first the HPLC system was stabilized for 30 minutes.
One blank followed by six replicates of a single calibration
standard solution of Sildenafil citrate was injected to
check the system suitability. To ascertain the system

Table 2: Linear regression data of the proposed HPLC suitability for the proposed method, the parameters such
method of Sildenafil citrate as theoretical plate/meter, peak asymmetric factor,
retention time and parameters were taken and results are
Parameter Method presented in table 1.
Detection wavelength ( Apax) 230 nm Specificity
Linearity range (pug/ml) 10-50 pg/ml

The effect of wide range of excipients and other additives
Regression equation (Y=a+bx) Y = 23.408x -17.454 usually present in the formulation of Sildenafil citrate in
the determinations under optimum conditions was

Slope (b) 23.408 investigated. The specificity of RP-HPLC method was
Intercept (a) -17.454 established by injecting the mobile phase and placebo
Standard deviation of slope (S) 10.948 solution in triplicate and recording the chromatograms.
The common excipients such as lactose anhydrous,
Standard deviation of intercept (S,) 0.3616

microcrystalline cellulose and magnesium stearate have
Standard error of estimation (S.) 15.127 been added to the placebo solution and injected and
tested. The commonly used excipients and additives
present in the pharmaceutical formulations did not
interfere in the proposed method.

Correlation coefficient (r?) 0.999

Linearity

The linearity for RP-HPLC method was determined at 5
concentration levels ranging from 10-50 pg/ml for
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Sildenafil citrate. The calibration curve was constructed
by plotting peak area i.e., response factor against
concentration of drugs. The slope and intercept value for
calibration curve were y=23.408x -17.454 and (r’=0.999)
for Sildenafil citrate, where Y represents the peak area of
drug and X represents the analyte concentration. The
significant correlation between response factor and
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concentration of the drug within the concentration range.
The representative chromatograms of 10-50 ug/ml
indicating the Sildenafil citrate are shown in figures 3a to
3e and the typical and sample chromatograms of
Sildenafil citrate are shown in figures 4a and 4b
respectively.

[mv]

25+

20+

Yoltage

— C:SPINCHROM'TMP'SILDEHAFIL CITRATE- 10 MCG

[mv]

Time [min.]

Figure 3a: Standard chromatogram of Sildenafil citrate (10 pg/ml)

204

—— C:ISPINCHROM'TMP'SILDEHAFIL CITRATE- 20 MCG

[m]

7
Time [min.]

Figure 3b: Standard chromatogram of Sildenafil citrate (20 pg/ml)

150+

100+

Yoltage

50+

—— C:ISPINCHROM'TMP'SILDEHAFIL CITRATE- 30 MCG

[mv]

Time [l

Figure 3c: Standard chromatogram of Sildenafil citrate (30 pg/ml)

200

150

‘oltage

100
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7
Time [min.]

Figure 3d: Standard chromatogram of Sildenafil citrate (40 pg/ml)
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Figure 3e: Standard chromatogram of Sildenafil citrate (50 pg/ml)
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Figure 4a: A typical chromatogram of Sildenafil citrate
[mv]
150 — C:SPINCHROM'TMP'SILDENAFIL CITRATE- SAMPLE
100+
2
50+
0
o 1 2 3 4 s & 7
Time [min.]
Figure 4b: Chromatogram of marketed formulation of Sildenafil citrate
Precision

The precision of the method was demonstrated by inter-
day Intra-day variation studies. In the intra-day studies,
six repeated injections of standard and sample solutions
were made and the response factor of drug peaks and
percentage relative standard deviation was calculated. In
inter-day precision, 6 repeated injections of standard and

sample solutions were made for 3 consecutive days and
response factor of drug peaks and % RSD were calculated
which is within the acceptable criteria of not more than
2.0. From the data obtained, the developed RP-HPLC
method was found to be precise. The results for intra-day
and inter-day precision are presented in tables 3a and 3b
respectively.

Table 3a: Results of Precision study (Intra-day)

Sample Concentration (ug/ml)
Sllfienafll 30
citrate

e Peak area % RSD
number
1 670.748
2 670.745
3 670.748
0.233
4 670.746
5 670.748
6 670.748
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Table 3b: Results of Precision study (Inter-day)

Sample Concentration (pg/ml)
Sildenafil
citrate 30

Accuracy (Recovery studies)

The accuracy of the method was determined by
calculating recovery of Sildenafil citrate by the method of
addition. Recovery was determined by spiking the
formulation with standards of each drug equivalent to 50
%, 100 % and 150 % of the amount originally present. %
Recovery calculated by comparing the area before and

I:E::ﬁ:: Peak area % RSD
1 670.747
2 670.748
3 670.746 0.452
4 670.747
5 670.747
6 670.748

after addition of the working standard. The percentage of
individual drugs found in formulation, mean, standard
deviation in formulation were calculated and presented in
table 4. The results of analysis showed that the amount of
drug found were in good agreement with the label claim
of the formulation.

Table 4: Recovery results of Sildenafil citrate

S. No. Level of Amount added
addition (%) (ng/ml)
5
1 50 % >
5
10
2 100 % 10
10
15
3 150 % 15
15

#acceptance criteria< 2.0
Robustness

The Robustness was evaluated by the analysis of Sildenafil
citrate under different experimental conditions such as

Amount recovered

Mean  SD % RSD*

(ng/ml)
4.98
4.99 98.63 +0.305
5.03
9.98
9.94 99.63 +0.208
9.97
14.98
14.91
14.98

0.265

99.72 +0.279

making small changes in flow rate (¥ 0.2 m/min),
detection wavelength (+ 5 nm), and Mobile phase
composition (£ 5 %). The results are presented in table 5.

Table 5: Robustness results of Sildenafil citrate

S. No Parameter Optimized Used

0.8 ml/min

Flow rate 1.0 1.0 mifmi
1. (£ 0.2 ml/min) MI/min SR
1.2 ml/min

Detection 225 nm

2. wavelength 230 nm 230 nm

(£5 nm) 235 nm

Mobile phase 55:45 v/v

3. composition 50:50 v/v 50:50 v/v
(£5%) 45:55 v/v

Retention Plate Peak
time, (R)(min)  count/meter asymmetry® Remark
3.530 9510 1.263 *Robust
3.473 9503 1.256 *Robust
2.930 9458 1.246 *Robust
3.473 9504 1.225 Robust
3.473 9503 1.252 Robust
3.473 9503 1.263 Robust
3.228 9402 1.258 *Robust
3.473 9503 1.224 *Robust
3.489 9601 1.226 *Robust
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LOD and LOQ

Limit of Detection is the lowest concentration in a sample
that can be detected, but not necessarily quantified
under the stated experimental conditions. The limit of
quantitation is the lowest concentration of analyte in a
sample that can be determined with acceptable precision
and accuracy. Limit of Detection and Limit of Quantitation
were calculated using following formula LOD = 3.3 (SD)/S
and LOQ= 10 (SD)/S, where SD = the standard deviation of
response (peak area) and S = the slope of the calibration
curve. The LOD and LOQ values were calculated.

RESULTS AND DISCUSSION

The mobile phase consisting of 10 mM phosphate buffer
(pH-3.0): acetonitrile (50:50 % v/v) at 1 ml/min flow rate
was optimized which gave sharp peak, minimum tailing
factor. UV spectra of Sildenafil citrate showed that the
drug absorbed maximum at 230 nm, so this wavelength
was selected as the detection wavelength. The retention
time for Sildenafil citrate was 3.473 min. The calibration
curve for Sildenafil citrate was found to be linear over the
range of 10-50 pg/ml. System suitability parameters and
optimized chromatographic conditions are shown in table
1. The regression equation was found to be Y=23.408x -
17.454 with correlation coefficient r’=0.999 which
indicates this method has good linearity. The linear
regression data is shown in table 2. The linearity of the
graph is shown in figure 2. The specificity was studied for
the examination of the presence of interfering
components. They do not disturb the elution or
guantification of Sildenafil citrate, furthermore the well-
shaped peaks also indicate the specificity of the method.
Therefore, it was concluded that the method is specific.

The representative standard chromatograms indicating
the Sildenafil citrate are shown in figures 3a to 3e. The
representative typical and sample chromatograms of
Sildenafil citrate are shown in figures 4a and 4b
respectively. Precision was studied to find out intra and
inter day variations in the test methods of Sildenafil
citrate for three times on the same day and different
days. The intra-day and inter-day precision obtained was
% RSD (< 2.0) indicates that the proposed method is quite
precise and reproducible and results are shown in tables
3a and 3b. Recovery studies of the drug were carried out
for the accuracy parameter at three different
concentration levels i.e., multiple level recovery studies. A
known amount of Sildenafil citrate standard was added
into pre-analyzed sample and subjected them to the
proposed HPLC method. The % recovery was found to be
within the limits as listed in table 4. The percentage
recovery of Sildenafil citrate was found to be in the range
of 98.63% to 99.72 %. The method precision was done
and the low % RSD values indicates that the proposed
method which was in good agreement with precision.
Robustness was done by small changes in the
chromatographic conditions like mobile phase flow rate,
detection wavelength, mobile phase composition etc. It
was observed that there were no marked changes in the
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chromatograms. Infact the parameters are within the
limits which indicates that the method has robustness
and suitable for routine use. The Robustness results are
presented in table 5. The limit of detection (LOD) and
limit of quantitation (LOQ) was calculated based on the
standard deviation (SD) of the response and the slope (S)
of the calibration curve at levels approximating the LOD
and LOQ. The limit of detection (LOD) was 0.4221 pg/ml
and the limit of quantitation (LOQ) was 1.2792 ug/ml
which shows that this method is very sensitive.

CONCLUSION

This paper Sildenafil citrate RP-HPLC method developed
and fully validated for the quantitative determination of
Sildenafil citrate in bulk and pharmaceutical tablet dosage
forms. Statistical analysis of the results shows that the
developed procedure has decorous precision and
accuracy. The method was completely validated and
shows satisfactory results and free from interference of
the other active ingredients and additives used in the
formulation. In fact the results of the study indicate that
the developed method was found to be rapid, simple,
reliable, accurate, linear, selective, sensitive, economical,
and reproducible, have short run time and only requires
low cost technology which makes this method
economically good for most clinical laboratories. Hence it
can be concluded that this method may be employed for
the routine quality control analysis of Sildenafil citrate in
active pharmaceutical ingredient APl and pharmaceutical
preparations.
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