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ABSTRACT

A novel stability indicating L C method has been devel oped and validated
for the simultaneous quantitative determination of Sildenafil citrate, its
related substances and degradation products. The drug substance was
subjected to stress conditions of hydrolysis (acid, base and water hy-
drolysis), oxidation, photolysis and thermal conditions to assess the deg-
radation. Considerable degradation was observed under oxidative stress
conditions. Theresulting degradation product under oxidative stress con-
dition was identified by LC-MS. This degradation product was isolated
by preparative HPL C and its structure was further confirmed by spectro-
scopic techniques namely Mass, NMR and FTIR. The stressed samples
were assayed against a qualified reference standard and the mass balance
was found 99.6%. The developed method is applicable for determination
of Assay, related substances and degradation products of Sildenafil cit-
rate. The developed method was validated for linearity, accuracy, preci-
sion, range, specificity, ruggedness and robustness by considering
Sildenafil citrate, its related substances and degradation products
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INTRODUCTION

1-[[3-(6,7-Dihydro-1-methyl-7-oxo-3-propyl-
1H-pyrazolo [4,3-d] pyrimidin-5-yl)-4-ethoxyphenyl]
sulfonyl]-4-methyl piperazinecitrate (Figure 1) iscom-
monly known as Sildendfil citrate. Itisanovel orally
activeinhibitor of thetype V-cyclic guanosine mono-
phosphate (cGM P)-specific phosphodiesterase (PDED)
on penileerectileactivity in patientswith male erectile

dysfunction, which causes cGMP to accumul ate cor-
pus cavernosum®4,

No officia (pharmacopoeid) method hasbeenre-
ported for thedetermination of Sldenefil citratein pres-
ence of related substances and degradation products.
However, someof theand ytical methods describethe
determination of Mirodenafil and Sldenafil intheplasma
and corpus cavernous of SD maleratsby using LC-
M S8, simultaneous determination of Sildenafil and
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desmethyl sildenafil in human plasmaby high-perfor-
mance liquid chromatography method using el ectro-
chemicd detection with application to pharmacokinetic
study!® and determination of sildenafil citrateand its
main metaboliteby samplestackingwith polarity switch-
ingusing micellar el ectro kinetic chromatography!™.

To our knowledgethereisno stability indicating
LC method availablefor thes multaneous quantitative
determination of Sildenafil citrateand itsrel ated sub-
stances and degradation products. In thisresearch,
we describe the analytical method devel opment and
validationfor accurate quantification of Sildendfil cit-
rate, itsrelated substances and degradation products
in bulk drug samples. Intensive stress studieswere
carried out on Sildenafil citrateto evaluate the stabil-
ity indicating nature of the devel oped method and the
method validation was performed as per ICH guide-
lined®19, This method was conveniently applied for
determining the assay and related substances of
Sildenafil citratebulk drug.

EXPERIMENTAL

Chemicals

Samplesof Sildendfil citrate, itsthreerel ated sub-
stancesnamely imp-1, imp-2 and imp-3werereceived
from process development |aboratory, Dr. Reddy’s
LaboratoriesLtd., IPDO, Hyderabad, India. Degrada
tion product, namely imp-4 wasisolated by preparative
HPLCinAnaytical Research Development [aboratory
of Dr. Reddy’s Laboratories Ltd., The structures and
chemicd namesof Sldendil citrate, itsreated substances
and degradation product showninFgurel. HPLC grade
Acetonitrile, AR grade Ortho phosphoric acid and Tri
ethyl amine purchased from Merck, Darmstadt, Ger-
many. High purity water wasprepared by usng Millipore
Milli-Q pluswater purification system.

Figurel: Sildenafil citrate: 1-[[3-(6, 7-Dihydr o-1-methyl-7-
oxo-3-propyl-1H-pyrazolo [4,3-d] pyrimidin-5-yl)-4-
ethoxyphenyl] sulfonyl]-4-methylpiper azinecitrate
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Instrumentation

The LC system, used for method devel opment,
forced degradation studies and method validation was
WatersAlliance system equipped with aWaters 2695
quaternary pump, auto injector and 2998 photo diode
array detector and for method validation wasWaters
Alliance system equipped with avariablewavel ength
detector. The output signal was monitored and pro-
cessed by an empower software on Pentium Computer
(Digitd Equipment Co).

Chromatogr aphicconditions

The chromatographic separation wasperformed on
a5 pum particles, Waters Symmetry shield RP18 (250 x
4.6 mm) column from Waters Corporation. The M o-
bile phase A was 0.2 % (v/v) agueous Triethyl amine
Buffer (pH 5.5). TheMobile phase B consisted of Ac-
etonitrileand Buffer inaratio of 800:200 (v/v). Priorto
use, themobile phasewasfiltered through 20.45 pm
nylonfilter and degassed. Theflow rateof themobile
phasewaskept at 1.0 mL min?. A linear gradient was
programmed as. time (min)/% M obile phase B: 0/30,
25/50, 30/50, 40/70, 55/70, 60/30 and 65/30. The
temperatureof columnwasmaintained at 45°C and the
detection was carried out at awavel ength of 225 nm.
Injectionvolumewas 10 pL. Mobile phase B was used
asadiluent to prepare the sample solutions.

The Chromatographic conditions of preparative
HPLC were, Inertsi| ODS, 250 x 20 mm column. The
Mobile phasewasWeater and Acetonitrileintheratio of
50:50 (v/v) withflow rateof 12.0mL min1l. Theeuent
was monitored at awavelength of 225 nm.

Prepar ation of solutions

Prepar ation of standard solutions

A stock solution of Sildenafil citrate (2.0 mgmL™)
was prepared by dissolving appropriateamount inthe
diluent. Working solutionsof 500 and 100 ug mL*were
prepared from theabove stock solutionfor related sub-
stances determination and assay determinati on respec-
tively through serid dilutions. A stock solution of impu-
rities blend was prepared (mixture of imp-1, imp-2,
imp-3 and imp-4) at aconcentration of 500 pg mL™.

Analytical method validation
The devel oped chromatographic method wasvali-
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dated for specificity, sengtivity (limit of detectionand
limit of quantification), precision (repegtability, interme-
diateprecisonand reproducibility), linearity, range, ac-
curacy, solution stability, mobile phase stability, robust-
nessand system suitability.

(A) Specificity

Specificity of thedevel oped method was assessed
by performing forced degradation studies. According
to ICH® guidelinesthe stresstesting of the drug sub-
stance can hel pin assessing theintrinsc stability of the
moleculeand validate the stability indicating ability of
the analytical procedure used. Photo stability testing
should beanintegral part of stresstesting. The stan-
dard conditionsfor photo stability testing aredescribed
in ICH Q1B The specificity of the developed LC
method for Sildendfil citratewasestablishedinthepres-
enceof related substances namely imp-1, imp-2, imp-
3 and degradation product namely imp-4.

(a) Thermal degradation

Thedrug substancewas exposed to heat at 105°C
for 7 days. The degraded sample was prepared as per
procedure providedinsection 2.4.1.

(b)Acid hydrolysis

Solutionsfor acid hydrolysiswere prepared as per
test concentration in minimum amount of suitable or-
ganic solvent and 5 N hydrochloric acid (10:90, v/v)

solution washegated at 70°C temperature with constant
stirringfor 46 h.
(c) Basehydrolysis

Solutionsfor base hydrolysiswere prepared as per
test concentration in minimum amount of suitable or-
ganic solvent and 5 N sodium hydroxide (10:90, v/v)

solution and was heated at 70°C temperature with con-
stant stirringfor 45h.

(d) Water hydrolysis

Solutionsfor water hydrolysiswere prepared as
per test concentration in minimum amount of suitable
organic solvent and water (10:90, v/v) solution and
was heated at 70°C temperature with constant stir-
ringfor44h.

(e) Oxidation studies

Solutionsfor oxidation studieswere prepared as
per test concentration in minimum amount of organic

—= Fyll Paper

solvent and 3 % hydrogen peroxide (10:90, v/v) solu-
tion and was heated at 70°C temperature with constant
stirringfor 17 h.

(f) Photolysis

The drug substance was exposed to UltraViol et
andVisbleradiation of 254 nm & 365 nmwave engths
in UV cabinet for 7 days. The degraded sample was
prepared as per test procedure.

All the stressed samplesof Sildendfil citratewere
analyzed and peak purities were checked by using
Waters 2998 photo diode array detector (PDA).

Assay studieswere carried out on stressed samples
of drug substance against aSildenafil citrate quaified
reference standard and the mass bal ance (Yoassay + %
sum of all degradants+ % sum of al impurities) was
cd culated. Assay was performed on bulk drug samples
by spiking with related substances and degradation
product at different levels (viz.1%, 3% and 5%) with
respect to the anal yte concentration.

(B) Sensitivity

Sengtivity of themethod was proved by establishing
thelimit of detection (LOD) andlimit of quantification
(LOQ) for Sildendfil citrate, imp-1, imp-2, imp-3and
imp-4withasigna to-noiseratiosof 3:1and 10: 1 re-
spectively. LOD and LOQ weredetermined by injecting
aseriesof diluted solutionswith known concentrations
of drug substance and theimpurities. Theprecison study
wasalso carried out at the LOQ level by injecting six
individua preparationsof Sildenafil citrate, andimp-1,
Imp-2, imp-3andimp-4 at LOQ concentration and by
cdculating the %RSD for the areas of each peak.

(C) Precision

Precision was determined through repestability (in-
tra-day) and intermedi ate (inter-day) precision. Preci-
sion of therelated substances method was eval uated
byinjectingsx individua preparationsof (500 ug mL™)
Sildenafil citrate spiked with 0.15% of eachimpurity
with respect to Sildenafil citrate concentration. The
%RSD for eachimpurity was cal cul ated.

The intermediate precision (ruggedness) of the
method waseva uated by different andyst using different
column and different instrument inthesamelaboratory.

Assay method precisonwasevauated by carrying
out six independent assays of test sampleof Sildenafil
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citrateagainst qudified reference tandard. The%RSD
was caculated for Six assays. Theintermediate preci-
sion of the assay method was evaluated by different
andyst, different column and by using different instru-
ment from the samelaboratory
(D) Linearity and range

To establishthe Linearity of theassay method, cdli-
bration solutionswere prepared from the stock solu-
tiona sx concentration levelsranging from 25 to 150%
of theanayte concentration. Linearity solutionsfor the
rel ated substances method were prepared by diluting
theimpurity stock solutionto therequired concentra-
tionsat sevendifferent level sranging from LOQto 150%
(i.e. LOQ, 25%, 50%, 75%, 100%, 125% and 150%)
with respect to 0.15% of theeachimpurity. Thecorre-
lation coefficient, d opeand y-intercept of thecaibra-
tion curvewere cal cul ated.

(E) Accuracy

For determination of accuracy of the Related sub-
stances method, the recovery study was carried out
by analyzing the spiked samples. Known amount of
impurities were spiked to the previously analyzed
samples at different concentration levels of 50, 75,
100, 125 and 150% of the specification levels. The
percentage recoveriesfor imp-1, imp-2, imp-3and
imp-4 were cal culated. Each concentration level was
preparedintriplicate.

The accuracy of the assay method was eval uated
intriplicateat five concentration levels, i.e. 50, 75, 100,
125 and 150 % of Sildenafil citrate assay concentra-
tionfor bulk sample. The percentagerecoverieswere
calculated.

(F) Robustness

To study the robustness of the method, the experi-
mental conditionswere deliberately changed. Critical
sourcesof variability inthe operating proceduressuch
as percentage of organic strength of mobile phase, pH
of thebuffer, temperature of the column and flow rate
wereidentified. By deliberate changein experimental
conditions, theresolution between Sildendfil citrateand
its related substances and degradation product was
evaluated. To study the effect of flow rateon thereso-
Iution, it was changed by +0.2 units, i.e. from 0.8 to 1.2
mL min*. Theeffect of pH on theresolution of impuri-
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ties was studied by varying the pH to 0.2 pH units
with respect toworking pH (i.e. thebuffer pH altered
from 5.5t0 5.3 and 5.7). The effect of column tem-
peratureon theresol ution wasstudied a 40°C and 50°C
instead of 45°C.

To study theeffect of changein mobile phasecom-
position by changing the organic ratio, theorganic com-
ponent (Acetonitrile) was varied by 10% from 90 to
110%, keeping buffer ratio constant.

(G) Mobilephasestability and solution stability

Thedability of Sildenafil citratestandard and sample
solutionsin the assay method and theimpurities solu-
tionsinthere ated substancesmethod werecarried out
by keepingthe standard solution, test solutionand spiked
solution separately in atightly capped volumetric flasks
at room temperaturefor 48 h. Thesolutionswereana
lyzed at 6 hinterval up to the end of the study period.
Themobile phasestability wasa so carried out by ana-
lyzing the freshly prepared standard solution, sample
solution and the spiked solution at 6 hinterva upto 48
h by keeping samel ot of mobilephasefor entire study
period. Theassay and impurity content of Sildenafil ci-
trate were cal culated for the study period during mo-
bile phase and sol ution stability experiments.

RESULTSAND DISCUSSION

Method development and optimization of chro-
matogr aphic conditions

The primary objective of thiswork wasto devel op
astability indicating L C method for the simultaneous
determination and quantification of Sldendfil citrate, its
rel ated substances and degradation products. All the
impuritiesdongwith Sildendfil citrateexhibited awave-
length maximum at about 225 nm (Figure 3). Hence, a
detection wave ength of 225 nm wassdlected for moni-
toring the drug substance and itsrelated substances.
Different stationary phases (C18, C8, Phenyl and Cy-
ano), mobilephasescontaining different buffersnamely
phosphate and acetateat different pH rangesfrom 2to
8 and different organic modifiersnamely Acetonitrile
and M ethanol in the mobile phasewere studied.

The desired chromatographic separation was
achieved on a5 pm particle size, waters symmetry
shield RP18 (250 x 4.6 mm) column having carbon
load of 17%.
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Imp-1: 5-[2-Ethoxy-5-(piperazine-1-sulfonyl)-
phenyl]-1-methyl-3-propyl-1,6-dihydro-
pyrazolo[4,3-d]pyrimidin -7-one

HaQ C,Hs0
" ”—N N I
N NH ﬁ \_/ I
|
CH; o OC;Hs

Imp-3 : Bis-1, 4-[4-ethoxy-3-(6, 7-dihydro-1-methyl-7-0x0-3-propyl-1H-
pyrazolo[4,3-d]pyrimidin-5-yl)-benzenesulfonyl]piperazine
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HaCH,C”~ OCzHs CH,

Imp-2 : 5-[2-Ethoxy-5-(4-ethyl-piperazine-1-
sulfonyl)-phenyl]-1-methyl-3-propyl-1,6-
dihydro pyrazolo[4,3-d]pyrimidin-7-one

o)
ISI
l/\N/II
J°
N
HsC \ OC2Hs CHs
o}

Imp-4 : 5-[2-Ethoxy-5-(4-methyl-4-
oxo-piperazine-1-sulfonyl)-phenyl]-
1-methyl-3-propyl-1,6-dihydro-
pyrazolo[4,3-d] pyrimidin-7-one

CHs

Figure2: Impurity structur esof sildenafil citrate
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Figure 3 : Typical spectra of sildenafil, itsimpurities and
degradation product

Sildendfil citrateisabasic compound, hencethe
selection of basic modifier triethyl amineasadditivein
themobile phasewasimperativeto improvethe peak
symmetry of Sildenfil citrate. The selection of Buffer
pH 5.5 and column temperature 45°C played a major
roleinseparatingimp-2 from Sildendfil citrateand other
unknownimpurities, withsamilar UV spectra. Thechro-
matographic conditionswere optimized with respect to
sengitivity, selectivity, resolution and andysistime.

Intheoptimized LC conditions Sildenafil and dl its
related substances and degradati on productswere well
resolved with aresolution of more than 2.0 and the
typical retentiontimesof imp-1, imp-2, imp-3, imp-4
and Sildenafil were about 16.0, 32.1, 49.9, 15.0 and
27.5min respectively (Figure4). Peakswere symmetri-
ca andthetailing factor for al the peaksof interest was

in between 0.9t0 1.3. Theresultsof system suitability
parametersaregivenin TABLE 1.

Sildenalil citrate spiked with rmpurities

imp 3-49.084

o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Minutes

Figure4: Typical chromatogram of blank and sildenafil cit-
ratesample spiked with all impurities

TABLE 1: System suitability report

2
g
"
g

USP No. of theoretical USP
# Compound tailing plates USP resolution
factor  tangent method (Rs)
1 Sildenafil 0.9 940004.2 30.9
2 Imp-1 13 31191.6 2.8
3 Imp-2 0.9 73135.2 10.8
4 Imp-3 0.9 187607.5 374
5 Imp-4 11 35338.7 -
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Anays swasperformed ondifferent batchesof bulk
drug samples (n=3) and theimpurity content and as-
say of the drug substance were assessed (TABLE 2).
The same method was used for Stability studies of
Sildendfil citrateas per ICH Q1A (R2) guideline.

TABLE 2: Summary of for ced degradation results

Mass balance
(% Assay+

% Assay

# Stress condition Time of active %impurities+

substance % degradation
products)

1 Thermal (dry heat at 105°C) 7days 995 99.6

2 Acid hydrolysis (5N HCI at 70°C) 46 h 98.3 99.4

3 Basehydrolysis(5N NaOH at 70°C) 45h 99.4 99.5

4 Water hydrolysis (at 70°C) 44 h 99.6 99.7

5 Oxidation (3% Peroxide at 70°C) 17h 811 99.5

6 UV degradation 7days 995 99.6

Resultsof forced degradation studies

Stressstudies on Sildendfil citrate under different
stress conditions mentioned in experimental part have
indicated thefoll owing degradation behavior of Sildendfil
citrate(TABLE 3).

TABLE 3: Resultsof intermediate precision

%RSD  %RSD R;ftov'v“;g”
# Parameter Variation for  for related .
imp-4 and
assay substances .
imp-1
. a Waters 2998 PDA 0.3 1.2 >2.0
1 Different ] ]
system b. Agilent 1100 series
VWD 0.6 1.9 >2.0
) Different ~ Column-1 0.7 12 >2.0
column  colymn-2 07 08 >20
3 Different  Analyst-1 0.3 12 >2.0
analyst  Apalyst-2 0.6 13 >2.0

The drug substance was stable under the stressed
conditionsof Thermd, UV, photolysis, Basehydrolysis
and water hydrolysis. Moderate degradation of
Sildendfil citratewasobserved under acid hydrolysis,
when vigorous stress conditionswere applied (using
5N hydrochloric acid, heated to 70°C with constant
stirringfor 46 h). Sildendfil citrate has shown asignifi-
cant sengitivity towards hydrogen peroxideand the oxi-
dative degradation product thusformed wasindentified
by LC-MS/MSasimp-4. Theimp-4 wasisolated by
isocratic preparative HPLC.

Theimpurity was characterized by NMR, Mass
and FTIR. (Mass: 491.3 (M*), *H NMR: (CDCl,, &

ppm): 1.01 (t, J=7.2Hz, 3H), 1.56 (t, J=7.2 Hz, 3H),
1.84 (m, 2H), 2.89 (t, J=8.0 Hz, 2H), 3.14 (m, 2H),
3.24(s, 3H), 3.38(m, 2H), 3.41—3.67 (m, 4H), 4.26
(s, 3H), 4.33 (g, J=7.2 Hz, 2H), 7.23 (d, J=8.8 Hz,
1H), 7.86 (dd, J=8.8, 2.4 Hz, 1H), 8.47 (d, J=2.4 Hz,
1H), 1.57 (br, 1H) and FTIR data: 3308cm*(NH,
stretching), 3108cm® (Aromatic c-H, stretching), 2962
cm?* (Aliphatic c-H, stretching), 1690 cnrt (Amide
C=0, stretching), 1352, 1171 cm™ (SO,, stretching)
& 1248 cm* (C-N, stretching).

Peek purity resultsobtained from PDA detector con-
firmedthat Sildendfil citrate pesk washomogeneousand
spectraly pureindl thestresssamplesandyzed (Figure
5-8). Massbaancefor stressed sampleswascd culated
andfound closeto 99%. Theassay of Sidendfil citrateis
unaffectedinthepresence of imp-1, imp-2, imp-3and
imp-4 and hence stability indicating natureof the devel-
oped method wasproven (TABLE 2).
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Figure5: Typical chromatogramsfor stressed samples of
sildenafil citratein 3% peroxideat 70°C for 17 h

Figure 6 : Typical chromatogramsfor stressed samples of
sildenafil citratein 5N HCl at 70°C for 46 h
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Figure7: Typical chromatogramsfor stressed samples of
sildenafil citratein 5N NaOH at 70°C for 45 h
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Figure 8: Typical chromatogramsfor stressed samples of
sildenafil citratein water at 70°C for 44 h

Method validation
(A) Precison

The%RSD of Sildenafil citrate peak duringthe
assay method precision was within 0.5% and the
%RSD for the%oareaof imp-1, imp-2,imp-3and imp-
4intherelated substances method ranged from 0.3 to
0.8. The %RSD for Sildenafil citrate peak in assay
waswithin 1.0 and the %areaof al impuritiesinre-
lated substances method waswithin 2.0 during inter-
mediate precision confirming good precision of the
method (TABLE 3).
(B) Sensitivity

TheLimit of detectionfor Sildendfil citrate, imp-1,
imp-2, imp-3 and imp-4 were 0.0084%, 0.0066%,
0.0087%, 0.0075% and 0.0075% respectively with
respect to the anal yte concentration (i.e. 500 pg mL™?)
for 10 uL of injection volume. The Limit of quantitation
of Sildenafil citrate, imp-1, imp-2, imp-3and imp-4
were 0.028%, 0.022%, 0.029%, 0.025% and 0.025%
(of andyte concentration, i.e. 500 ug mLt) respectively
for 10 pL injection volume. The %RSD for area of
Sildendfil, imp-1, imp-2, imp-3 andimp-4 werebel ow
2.0for precisonat LOQ level.
(C) Linearity

Thecalibration plot waslinear for the assay con-
centrationsover the cdibration rangestested, i.e. 50—
150 ug mL* with acorrel ation coefficient of greater
than 0.999. Thedopeand y-intercept of thecdibration
curvewere 26884.4 and -0.68 respectively.

Thecalibration plotsfor related substanceswere
linear over thecdibration rangestested, i.e. from LOQ
to 150% with respect to theimpurity specification, for
Sildendfil citrate, imp-1, imp-2, imp-3andimp-4 with
correlation coefficient of greater than 0.999.

—— Fyll Peper
(D) Accuracy

Accuracy of the method was eval uated as per-
centage recovery. The percentage recoveries of
Sildenafil citratein bulk drug samplesranged from
99.8 t0 100.8%. The percentage recoveriesof imp-
1, imp-2, imp-3 and imp-4 in bulk drug samples
ranged from 98.2 to 102.3%. A typical LC chromato-
gram of sample spiked with all threeimpuritiesand
degradation product in Silden&fil citrate bulk drugis
showninFigure4.

(E) Robustness

Indl theddiberately dtered chromatographic con-
ditions(flow rate, pH, column temperature and mobile
phase organicratio), therewasno sgnificant changein
assay vauesof Sildendfil citrate, resolution between dl
theimpuritiesandrelaiveretentiontimesof imp-1, imp-
2, imp-3andimp-4, illustrating the robustness of the
developed method.

(F) Solution stability and mobilephasestability

The %RSD of Sildendfil citrate assay during solu-
tion stability and mobile phase stability experimentswas
within 1.0. No significant changeswere observediinthe
content of imp-1, imp-2, imp-3 and imp-4 during solu-
tion stability and mobile phasestability experiments. The
samilarity factor insolution stability experiments, for both
thesolutionsof Assay and rel ated substanceswere 1.00
and 1.03 respectively. All theaboveresultsreveal that
the sampl e sol utionsand mobile phaseused during study
were stable up to the study period of 48 h.

CONCLUSION

A smpleand senstivestability-indicating reversed-
phase LC method was devel oped and validated ac-
cordingtoICH guiddines, for thes multaneous quanti-
tative determination of Sldenefil citrate, itsrel ated sub-
stances and forced degradation productsin the drug
substance. Theanalytical method wasfoundto beac-
curate, precise, specific, rugged and robust with alin-
ear dynamic range of LOQ to 150% of specification
leve of impuritieswith aregresson coefficient of greater
than 0.999. Thismethod was conveniently applied for
determining theassay and rel ated substancesof Sildendfil
citratebulk drug.
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