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Chapter 1 I ntroduction

1. INTRODUCTION

Pharmaceutical Analysis deals not only with medieats (drugs and
formulations), but also with their precursors wéth the raw material whose degree
of purity, which in turn decides the quality of neaments. The quality of a drug is
determined, after establishing its authenticityjohihis carried by testing its purity

and the quality of the pure substance in the dnebjit formulations'™

Analytical chemistry has got a pivot role to pilaydetermination of quality
of medicines as quality is important and essemtsglect to be considered in every
product or service. Quality is more vital in medes as it is related to life. A
compromise in pharmaceutical quality is nothing Ipaying with the life of
consumer. Application of analytical chemistry in apimacy is termed as
pharmaceutical analysis. The terms quality, qualdgtrol, quality assuarance, total
guality management are correlated. The ultimatd gball these is to provide a

product with good quality, safety, efficiency, gyristrength and identity.
General terms associated with chemical analysis
1 Analytical technique

It is the fundamental scientific phenomendmattis proved useful for

providing information on the composition of substs
1 Analytical method

The method is the specific application of techniqoiesolve the analytical

problem.
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[1 Protocol

The most specific description of a method is kn@asrprotocol.

[1 Procedure

A procedure is written instructions for carryingt@ method.

The *“standard methods” developed by the ASTM (Awgseri Society for
Testing Materials) and the AOAC (Association offi@al Analytical Chemists).

It only provides the general steps to be followed.

Pharmaceutical analysis is broadly classified ith@ branches, namely

gualitative analysis and quantitative analysis.

A. Qualitative analysis It deals with the identification and establishinen

of the identity of analyte among elements or conmaisypresent in the sample.

B. Quantitative analysis It deals with the quanification of the analyte

present in the matter of sample.

The determination of the quality and of quantifytlte sample is done the
application of analytical methods.
Analytical methods are classified into two types
1 Instrumental methods.
"1 Non-instrumental methods.

CHROMATOGRAPHY

The term Chromatography (in Greek, khromatos measur and Graphos

Dept. of Pharmaceutical Analysis 2 JKK Nattraja College of Pharmacy
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means written) means colourwritinfhe term chromatography and its principles
were discovered in 1903 kbMikhiltswett. Chromatography is the separation of
mixture of components into individual componentauBing a stationary phase and a

mobile phase.

Chromatography is method of separating mixtures aehtifying their
components i.e. it's a separation method that ésptbe differences in partitioning
behaviour of analyse between a mobile phase arndtiarary phase to separate
components in a mixture. Components of a mixturg ipa interacting with the
stationary phase based on charge (ion-ion-intenasti ion-dipole-interactions),
Vander Waal's forces, relative solubility or adgeyp (hydrophobic interactions,

specific affinity).

Chromatography may be preparative or analyticap&mative chromatography
seeks to separate the components of a mixtureuftmelr use (and is thus a form
of purification). Analytical chromatography normalloperates with smaller
amounts of material and seeks to measureralaive proportions of analytes

in a mixture. The two are not mutually exclusive.

Classification of chromatographic methods

1 Gas - solid chromatography.

1 Gas - liquid chromatography.
"1 Solid — liquid chromatography.
"1 Liquid- liquid chromatography.

Dept. of Pharmaceutical Analysis 3 JKK Nattraja College of Pharmacy
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC):

High-performance liquid chromatograpBya chromatographic technique
used to separate the components in a mixture,etotifgg each component, and to
guantify each component .The method involves adigample being passed over a
solid adsorbent material packed into a column usirigw of liquid solvent. Each
analyte in the sample interacts slightly differgnilith the adsorbent material, thus
retarding the flow of the analytes. If the interactis weak, and the analytes flow
off the column in a short amount of time, and i tinteraction is strong, then the

elution time is long.

Chromatography may be defined as a ndettfoseparating a mixture of
components into individual components through éguim distribution between

two phases

The HPLC method was considered the chdiegstmation, since this method
is the most powerful of all chromatographic andeotseparative methods. The
HPLC method has enabled analytical chemist toragaeat success in solving his
analytical problems. The HPLC is the method of cban the field of analytical
chemistry, since this method is specific, robusgdr, precise, and accurate and the

limit of detection is low and also it offers thdlfaving advantages.

The schematic representation of an HPLC instruniguitally includes a
sampler, pumps, and a detector. The sampler btimgsample mixture into the
mobile phase stream which carries it into the caoluithe pumps deliver the desired
flow and composition of the mobile phase througlk @olumn. The detector

generates a signal proportional to the amount wipga component emerging from

Dept. of Pharmaceutical Analysis 4 JKK Nattraja College of Pharmacy
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the column, hence allowing for quantitative aniglys the sample components .A
digital microprocessor and user software contiel HPLC instrument and provide
data analysis. Some models of mechanical pumpsHIRlaC instrument can mix

multiple solvents together in ratios changing imdj generating a composition
gradient in the mobile phase. Various detectorsracemmon use, such as UV/Vis,

photodiode array (PDA) or Refractive index (RI).

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

Pump

I"J“:'_'Et_fg Injection |

Column
Degasser Column
! oven
{Elm ! 1 e
}\—‘H__H
-+ 55 o |
Electronic o
Solvent W  signal
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SCHEMATIC REPRESENTATION OF HPLC SYSTEM
INTRODUCTION TO HPLC METHOD DEVELOPMENT

Method development has following steps:

Collect information on sample, define separatioalgo

Il

Need for special HPLC procedure, sample pretreatneén

Il

Choose detector and detector settings

Il

Choose LC method, preliminary run, select bestrsgjoa conditions

Il

Optimize separation conditions

Il

Check for problems

Optimize separation conditions

| |

Recover purified materia{l Qualitative method

|

Validate method for release to routine laboratory

High-performance liquid chromatography (HPLC) fee tfastest growing
analytical technique for analysis of drugs. Its @imty, high specificity and wide
range of sensitivity make it ideal for the analysismany drugs in both dosage

forms and biological fluids.
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The HPLC offers the following advantages.

1 Speed (many analysis can be accomplished in B®niess).

1 Greater sensitivity (various detectors can beleyegl).

1 Improved resolution (wide variety of stationahages).

"1 Reusable columns (expensive columns but candxfos many analysis).
1 Ideal for the substances of low viscosity.

1 Easy sample recovery, handling and maintenance.

[ Instrumentation leads itself to automation anémiication (less time and

less labour).
1 Precise and reproducible
1 Integrator itself does calculations.
PERFORMANCE CALCULATIONS SYSTEM SUITABILITY
PARAMETERS
1) Retention time R)
2) Resolution (R)
3) Capacity factork()
4) Selectivity ()
5) Number of Theoretical plates (N)
6) HETP

7) Asymmetry factor

8) Tailing factor

Dept. of Pharmaceutical Analysis 7 JKK Nattraja College of Pharmacy
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1) Retention time

Chromatographic retention is to measure the tintedsn the injection point
and maximum of the detector response for corresgpantbmpound. This parameter

called “retention time” is inversely proportional the eluent flow rate.

2) Resolution

The goal of most HPLC analyses is the separatianefor more analytes in
the sample from all other components present. Résol (Rs) is a measure of the
degree of separation of two adjacent analytes. IR&#®0 of two adjacent band is
defined as the distance between band peaks di\ngethe average band width.

Retention and band width are measured in uniteyaf.t

EXPERIMENTAL RESOLUTION

Leixm - L muy

g =
e = L T & i |

Where,

Rt1 and Rp are the retention times of components 1 and 2

W1 and W) are peak widths of components 1 and 2.

Rs> 2.0 is a desirable target for method development.

3) Capacity factor (K’)

It is a measure of a sample peak in the chromatodraing specific for a
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given compound, a parameter which specifies obatsmce to be separated.

RETENTION FACTOR or CAPACITY RATIO

tp-t .
I‘_F_u h-\_ ¢ {
LT m

Iy

The retention factor k is given by the equation
k=(tR-10)/10

Where,

‘tR’ is the band retention time

‘10’ is the column dead time.

4) Selectivity @)

The selectivityo is a measure of relative retention of two compdsi@m a
mixture. The ideal value of selectivity is B can be calculated by using the

following formula.

Vo V
- V2.Vo

M Vo
Where, 0 is the void volume of the column and2Vand Vi are the

retention volumes of the second and the first pesgpectively.
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SELECTIVITY FACTOR
J{'u,f

alfa = =
k'

] R
tI|'.|:Ir

Wy Wy

COLUMN EFFICIENCY & PLATE NUMBER

The number of theoretical plates or plate numbeat imeasure of column
efficiency. An efficient column produces sharp peakd can separate many sample
components in a relatively short time. Theoretipktes (N) are defined as the

square of the ratio of the retention time dividgdhe standard deviation of the peak

(o).

el T teg Y
() (e o).
(o} Wy, Wi,
Another way to express efficiency of column is bglcalating height
equivalents of theoretical plates (HETP).
H=L/N

Where H = HETP; L = Length of the column; N = nwenlof theoretical
plates. Lower the HETP, higher is the efficiencytbé column, i.e., higher the

theoretical plates more efficient the column.
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7) Peak asymmetry

Peak asymmetry factor as can be used as a critefioolumn performance.

The peak half width, divided by the correspondingnt half width, a gives the

bS

asymmetry factora =7 a

Where,

‘b’, is the distance at 50% peak height betweeadiley edge to the

perpendicular drawn from the peak maxima

‘a’, is the width of the peak at half the peakgiei

8) Tailing factor

The tailing factor T, a measure of peak symmetsyunity for perfectly

symmetrical peaks and its value increases asgdigtomes more pronounced.

In some cases, values less than unity may be dadxkeAs peak asymmetry

increases, integration, hence precision becomesééiable.

According to USP (2000) Peak-tailing factor canchkulated by using the

formula

T=Wp.092f

Where,

‘W .05 is the width of the peak at 5% height and
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‘f" is the distance from the peak maximum to thadeg edge of the peak,

the distance being measured at a point 50% ofeéh& peight from the base line.

MOBILE PHASE:

Mobile phases used for HPLC typically are mixtuné®rganic solvents and
water or aqueous buffers. The following points dtoaiso be considered when

choosing a mobile phase.

1. It is essential to establish that the drug is stablthe mobile phase for at

least the duration of the analysis.

2. Excessive salt concentrations should be avoidedh K4alt concentrations

can result in precipitation, which can damage HRgGipment.

DETECTORS:

Detectors used depend upon the property of the cangs to be separated.

Optical detectors are most frequently used.

"1 UV-Ultraviolet Detector

1 RI — Refractive Index (Universal analyte detector)
"I FD — Fluorescence detector

1 MS — Mass Spectroscopic detector

1 PDA - Photo Diode Array Detector

1 Conductivity Detector

1 Amperometric Detector

Dept. of Pharmaceutical Analysis 12 JKK Nattraja College of Pharmacy
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HPLC METHOD DEVELOPMENT:

A good method development strategy should requindy aas many
experimental runs as are necessary to achieveeieed final result. Finally method
development should be as simple as possible arghauld allow the use of
sophisticated tools such as computer modellingidgunitial method development,

a set of initial conditions (detector, column, melphase) is selected to obtain the
first “scouting” chromatograms of the sample. Insioases, these are based on

reversed-phase separations om@ €olumn with UV detection.

SELECTION OF CHROMATOGRAPHIC MODE:

Reversed-Phase chromatography (RPC), the most cormmode for small-
organic molecules. Note that ionisable compoundsd¢aand bases) are often
separated by RPC with buffered mobile phases (&p kbe analytes in a non-
ionized state) or with ion-pairing reagents. Inenese phase mode, the mobile phase
is comparatively more polar than the stationarysph&or the separation of polar or
moderately polar compounds, the most preferred nedeverse phase. The nature
of the analyte is the primary factor in the sel@ttof the mode of separation .A

second factor is the nature of the matrix

SAMPLE PREPARATION:

Samples occur in various forms

"1 Solutions ready for injection

1 Solutions that require dilution, buffering, &tth of an internal

standard or other volumetric manipulation
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[1 Solids must be dissolved or extracted

1 Samples that require pre-treatment to remove feremces and/or

protect the column or equipment from damage.

CHOICE OF THE COLUMN:

Selection of the column is the first and the mogpaortant step in method
development. Some of the important parameters tednsidered while selecting

chromatographic column.

1 Length and diameter of the column
1 Packing material
"1 Shape of the particles

1 Size of the particles

SELECTION OF SOLVENT DELIVERY SYSTEM:

Chromatographic separation with isocratic eluti@n all constituents of the
mobile phase is mixed and pumped together as &esotyent, is always preferable
however, gradient elution is powerful tool in ackig separation between closely

eluting compounds or compounds having widely diffgin polarities.

SELECTION OF MOBILE PHASE:

The primary objective in selection and optimizatiohmobile phase is to
achieve optimum separation of all impurities andrddants from each other and

from analyte peak.

Dept. of Pharmaceutical Analysis 14 JKK Nattraja College of Pharmacy
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In liquid chromatography, the solute retentiongsverned by the solute
distribution factor, which reflects the differemtteractions of the solute-stationary
phase, solute-mobile phase, and mobile phasessary phase. For a given
stationary phase, the nature and the compositiowlath has to be judiciously

selected in order to get appropriate and requiobdes retention.

1 Buffer and its strength

1 pH of the buffer or pH of the mobile phase

1 Mobile phase composition

SELECTION OF FLOW RATE

Generally flow rate shall not be more than 2.0 niinfhe flow rate shall be

selected based on the following data.

[ Retention time

1 Column back pressure

1 Resolution between the peaks

1 Peak symmetries

The flow rate which gives least retention timesp@@eak symmetries, least back

pressures and better separation will be selected.
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PERFORMANCE CALCULATIONS SYSTEM SUITABILITY PARAMET ERS
1) Retention time R)
2) Resolution (R)
3) Capacity factork()
4) Selectivity ¢)
5) Number of Theoretical plates (N)
6) HETP
7) Asymmetry factor

8) Tailing factor

ANALYTICAL METHOD VALIDATION

Method validation can be defined as per ICH astdBisshing documented
evidence, which provides a high degree of assuréimaiea specific activity will
consistently produce a desired result or producteting its predetermined

specifications and quality characteristics”.

SPECIFICITY/SELECTIVITY

The terms selectivity and specificity are often dusmterchangeably.
According to ICH, the term specific generally refdo a method that produces
distinguishable responses for a single analyseuailb®r of chemical entities that
may or may not be distinguished from each othethdf response is distinguished

from all other responses, the method is said teebective.
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LINEARITY:

Linearity of an analytical procedure is its abiligyith in a given range) to
obtain test results which are directly proportiotta¢ concentration (amount) of
analyte in the sample. It may be demonstrated ttiren the drug substance (by
dilution of a standard stock solution) and/or sapaweighing of synthetic mixtures
of the drug product components, using the propgsededure. Linearity should be
evaluated by visual inspection of a plot of signals a function of analyte
concentration or content. If there is a linear trefeship, test results should be
evaluated by appropriate statistical methdds, example, by calculation of a

regression line by the method of least squares.

RANGE:

Range is the interval between the upper and loaecentration of the analyte

in the sample for which it has a suitable levghr@cision, accuracy and linearity

ACCURACY:

Accuracy is the measure of the closeness of thergwpntal value to that of
the true value. Accuracy should be establishedsactbe specified range of the

analytical procedure.

PRECISION:

Precision is the measure of how close the dateesadwe to each other for a
series of measurements under the same analytioditioms obtained from multiple
sampling of the same homogeneous sample. Preasa&ynbe considered at three

levels.
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LIMIT OF DETECTION:

Limit of detection is the lowest concentration afbyte in a sample which can
be detected, but not necessarily quantitated, aexact value under the stated

experimental conditions.

LIMIT OF QUANTIFICATION:

Limit of quantification is the lowest concentratiah analyte in a sample
which can be quantitatively determined with acdelgta precision and accuracy
under the stated experimental conditions. Sevguploaches for determining the
guantification limit are possible, depending on thiee the procedure is a non-
instrumental or instrumental. Approaches othkant those listed below may be

acceptable.

RUGGEDNESS:

Ruggedness is the degree of reproducibility of ltesabtained under a
variety of conditions, such as different laboraeyi analysts, instruments,
environmental conditions, operators and materiRisggedness is determined by

the analysis of aliquots from homogeneous lotsflier@nt laboratories.

ROBUSTNESS:

Robustness as a measure of the method's captabiigain unaffected by small,
but deliberate variations in method parameterspamddes an indication of its reliability
during normal usage. Robustness can be partlyeassuth good system suitability
specifications. The evaluation of robustness shioelldonsidered during the development

phase and depends on the type of procedure undgr st
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Examples of typical variations are
1 Stability of analytical solutions
"1 Extraction time
1 Influence of variations of pH in a mobile phase
1 Influence of variations in mobile phase compositi
1 Different columns (different lots and/or suppdier
'] Temperature
"1 Flow rate.

1 Different columns (different lots and/or suppdier
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Chapter 2 Literature Review

2.LITERATURE REVIEW 21

Ashvin dudhrejiya et al 2014had developed a simple, precise, sensitive and
reproducible, rapid stability indicating RP-HPLC timed for the simultaneous
estimation of Sildenafil citrate and Fluoxetine foyced degradation studies has
been developed. The proposed HPLC method utittzesShimadzu HPLC system
on a Hiber R C-18 columns using mobile phase estingi of Acetonitrile :
Potassium Dihydrogen Phosphate buffer with 25 mithylamine pH adjusted to
4 with o-phosphoric acid (50:50 v/v) in an gradoamitopm ,pde at a f;pw rate pf 1
ml/min, at 23°C with a load of 20L. The detection was carried out at 223 nm. The

retention time of Sildenafil citrate and Fluoxetwwas found to be around 3.68 min

and 5.31 min, respective@.

Prasanna Reddyet al 2010 have been developed a simple, selective,
accurate reverse phase-high Performance Liquid rGdwagraphic (RP-HPLC)
method he was developed and validated for the sisalyf Sildenafil Citrate in
pharmaceutical formulations (tablet dosage). Thebilmophase was used for
acetonitrile/phosphate buffer (70:30, v/v, pH 7a0a flow rate of 0.8 ml/m with UV
detection at 228 nm. The retention time was 4.0B7e proposed method is

applicable to stability studies and routine analysf sildenafil citrate in

pharmaceutical formulationt”

Kalyani.K et al 2015has propossed a novel reverse phase high perfoemanc
liquid chromatographic(RP-HPLC) method she has bid®reloped and validated
for simultaneous estimation of Sildenafil Citratadoxetine Hydrochloride in pure

and marketed formulations. mobile phase cosmpositin0.1% orthophosphoric
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acid: Acetonitrile in the ratio of 50:50 and PH wstpd to 5.0+0.1 with sodium
hydroxide of the flow rate was 1.0 ml/min and tfiifuent was monitored at 287nm.
The retenion time of Sildenafil Citrate was foundoe 3.14 min and for Dapoxetine
Hydrochrloride 4 min. The method was linear frore ttoncentration of 12.5 -62.5
ug/ml and 7.5-37.5ug/ml for the estimation of Sildenafil Citrate andfvxetine
Hydrochloride. The method was validated accordimy the guidelines of

international conference on harmonization (ICH) a@s successfully applied in the

estimation and commercial formulatio[r%]

Nief R. Ahmed et al 2012 had done a simple, precise, rapid and accurate
reversed—phase high performance liquid chromatdgeamethod he has been
developed for the determination of sildenafil d#ran a pure form, pharmaceutical
formulations and industrial effluent samples witlhuig. The method was validated
for its linearity, precision and accuracy. The meed method was successfully

applied to the determination of sildenafil citratetablets and industrial effluent

samples phosphoric acid as a mobile pllnjagée.

Sushma Chilukuri et al 2016have been developed a simple, fast, accurate,
precise, rugged, sensitive and linear Reverse Phigk Performance Liquid
Chromatographic (RP-HPLC) method for simultaneouandgjtative estimation of
Dapoxetine hydrochloride and Sildenafil citratecapsules and validate as per ICH
guidelines. The optimized method uses a reversseepbalumn, Phenomenex Luna
Ci1s (250 X 4.6 mm;h), a mobile phase of triethylammonium phosphatéeoypH
3.0):acetonitrile in the proportion of 50:50 v/igW rate of 1ml/min and a detection
wavelength of 232nm using a UV detector. A simpdest, accurate, precise, linear

and rugged RP-HPLC method was developed for simedtas quantitative
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estimation of Dapoxetine hydrochloride and Sildénaitrate in capsules and
validated as per ICH guidelines. Hence this metbad be used for the routine

analysis of Dapoxetine hydrochloride and Sildenaititate in capsules in various

pharmaceutical industridd’

Prasanna reddy.B et al 200&had done a simple, selective, accurate reverse
phase-high performance liquid chromatographic (RR-E)) method he was
developed and validated for the analysis of silflertatrate in pharmaceutical
formulations. Chromatographic separation achiewsgtratically on a ¢ column
(Use Inertsil Gg, 54, 150 mm x 4.6 mm) utlizing a mobile phase of
acetonitrile/phosphate buffer (70:30, v/v, pH 7ab)a flow rate of 0.8 mL/m with
UV detection at 228 nm. The retention time was 4.0Bhe method is accurate
precise and linear within range 0.1-8/mL (R2=0.999) concentration and was
successfully used in monitoring left over drug. Tdhetection limit of sildenafil
citrate at a signal-to-noise ratio of 3 was 1.80migin human plasma while
guantification limit in human serum was 5.60 ng/mlhe proposed method is

applicable to stability studies and routine analysf sildenafil citrate in

pharmaceutical formulations as well as in humaﬂrpmsamplégsl]

Vinod Pawar et al 2012a Simple, sensitive, specific, spectrophotometric
method has been developed for the detection ob&lfil citrate in pure form and
Pharmaceutical formulations. The optimum condition the analysis of the drug

was established.

Sildenafil citrate exhibiting absorption at 228nndabbeyed beers law in the

concentration range 10 to @@ml. The correlation coefficient was found to be
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0.9998 and slope of line was found to be 0.078hé& percent S.D. for intra assay
precision of the method was found to be 1.9976%redweInter assay precision was
found to be 0.8332%. The sample solution was stapléo 24 hours. The assay
results were found to be in good agreement witkllalaim. The degradation study
was checked at different conditions like with ackali, dry heat, oxidative and

photolytic. All the results found in degradatiorudy were satisfactory. So this
proposed method was simple sensitive, precisekand useful for routine quality

control.[15]

Shokry.E et al 2010two simple, accurate, sensitive and reproducible
methods have been developed and subsequent vdlittatehe determination of
Sildenafil citrate (SC) in presence of its impu@dti“1-methyl-4-nitro-3-n-propyl-
5pyrozole  Carboxamide (MNC), 4-amino-1-methyl-3+oypyl-5-pyrazole
Carboxamide (AMP), 4-(2-ethoxy benzoyl amino)-1-ny&3-n-propyl-5-pyrazole
Carboxamide (EMC) and 5-(2-ethoxyphenyl)-1-methyl-Bropyl pyrazole [4,3-D]
pyramidine-7-1(EMP)” as stability-indicating stuslieln the spectrophotometric
method, zero crossing technique was adopted farmetation of the investigated
drug in presence of impurities, by the use of ddmne and derivative ratio
techniques, respectively. While, the second metiwad isocratic reversedphase
(RP) stability-indicating high-performance liquithromatographic method, which
was adopted for determination of Sildenafil citretgoresence of its impurities. The
chromatographic separation was achieved isocrbtibgl using a mobile phase of
water and acetonitrile in a ratio of 40:60 V/V caining 50 mm triethylamine. The
analysis was carried out using waters c18 (4.6r@2f, 10um) at flow rate of 1.0

ml.min-1 and the UV detection at 245 nm. All theprsed methods were validated
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according to the International Conference on Hatasion (ICH) guidelines
reference and successfully applied for determinatd Sildenafil citrate in pure
form, in laboratory prepared mixtures and in pharewdical preparations. The

obtained results were statistically compared torédported method of analysis for

Sildenafil citrate and no significant differencesre found™®

Thangabalan B et al 201lhad done a simple, safe and sensitive method
of spectroscopic determination of sildenafil cérah UV region was developed
using 8 M urea solution as hydrotropic solubilizimgent. Sildenafil citrate showed
A-max at 293 nm and beer’s law was obeyed in theerdration range of 10 — 50

ug/ml. The results of analysis have been validatdistically and by recovery

studies[.m

Kalaichelvi .R et al 2012have been developed a simple, sensitive, accurate,
precise and eco-friendly UV spectrosphotometrichoétfor sildenafil citrate was
developed. In the present investigation, a 2.0 Miwuo benzoate solution was
employed as hydrotropic solubilizing agent to soizé poorly water-soluble drug
sildenafil citrate for its spectrophotometric arsady Sildenafil citrate showeédmax

at 306 nm and beer’s law was obeyed in the coragonrrange of 10 — 50g/ml.

The results of analysis have been validated statilst and by recovery studi&®!

Avani P et al 2015was worked a simple, accurate, precise, reprothiaid
cost effective first derivative UV Spectrophotometmethod developed and
validated for the simultaneous estimation of SikférCitrate and Aspirin in bulk as
well as tablet dosage form. The solution of bo#h dnugs and tablet were prepared

in Methanol. First derivative quantitative deteration of these drugs was
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performed at 255 nm for Sildenafil Citrate at zerossing point (ZCP) of Aspirin
and at 291nm for Aspirin at zero crossing point RZ@f Sildenafil citrate. This

method obeys Beer-Lambert’'s law in concentratiorgeaof 5-30ug/mL and 10-80

ug/mL for Sildenafil Citrate and Aspirin respectiyelCo-efficient of correlation

were found to be 0.998 for both the drugs. The %D Rf&re not more than 2.0 %
which indicates good intermediate precision. Théues LOD and LOQ were
0.5881g/mL and 1.78gg/ml for Sildenafil Citrate and 1.08§/ml and 3.2)ig/ml for

Aspirin respectively. Percentage estimation of &fil Citrate and Aspirin in

tablet dosage form were found to be 101.00 % ani798 respectivelﬁll.gl

Anusha. G et al 2012a simple, sensitive, accurate, precise and eeadly
UV spectrosphotometric method for sildenafil ckratas developed. In the present
investigation, a 2.0 M sodium benzoate solution \eagployed as hydrotropic
solubilizing agent to solubilize poorly water-sdeitdrug sildenafil citrate for its
spectrophotometric analysis. Sildenafil citratevebddA-max at 306 nm and beer’'s
law was obeyed in the concentration range of 10 #gdml. The results of analysis

have been validated statistically and by recovtuglies[.Z?’]

Anuruddha P et al 2012was described a One simple, economical, precise
and accurate method is described for the simulizédetermination of Dapoxetine
and Sildenafil in combined tablet dosage form. Wethod is Absorption Corrected
Method. The amplitudes at 237.54 nm and 325.92 mthe Absorption Corrected
Method were selected to determine DPT and SL, otisiedy in combined
formulation. The method was validated by followitige analytical performance
parameters suggested by the International ConferendHarmonization (ICH). All

validation parameters were within the acceptablegea Under experimental
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conditions described, calibration curve, assayabfets and recovery studies were
performed. A critical evaluation of proposed metheas performed by statistical
analysis of data where slope, intercept, corratatioefficient is shown in Table (1).
As per the ICH guidelines, the method validationapzeters checked. Beer’s law is

obeyed in the concentration range of 5p2fml for DPT and 8-4@g/ml for SL by

the given method*?

Yogesh Babu et al 2014as been developed and validated a simple, rapid,
selective and reproducible RPHPLC method for thalysis of Tadalafil in Bulk,
tablets andn-Vitro Dissolution Samples. Analysis was performed on @ileft,
EclipseC18 column (150 mm x 4.6 mm, 5 um) with riingbile phase consisting of
ammonium acetate (10 mM):methanol (35:65v/v) dbw frate of 1.0 mL/min. UV
detection was performed at 280 nm and the retemimos for TDL was 4.6 minutes.
The dissolution media composed of 0.5% SLS, usif Ul (Paddle) Dissolution
apparatus, at 50 RPM and temperature maintainédl 80.5 C. The method was
validated according to ICH guidelines. The methaas walidated for specificity,
accuracy, precision, ruggedness, limit of quardtfan, limit of detection and
linearity. The system suitability parameters, sash tailing factor, theoretical plate
and relative standard deviation (RSD) for assayiwed standard replicates, were
well within the limits. The results of the stud&sowed that the proposed RP-HPLC

method is simple, rapid, precise and accurate. éléme method can be used for the

routine Dissolution Profiling of Tadalafil as wels its assay in bulk and tabldfd.

Awofisayo. O.S et al 201@vas done a work on the development of basic
tests for sildenafil citrate (drug substance) atderafil citrate tablet (dosage form).

The Basic Tests encompass physical observatiotingeharacteristics, colour and
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other test reactions for the drug substance anddtisage form. These tests are
supplemented with thin layer chromatography. Tls¢ tigbe identification reactions
were carried out to demonstrate the presence gbhikayl ether and sulphonamide
functional groups as well as the N substituted aip@e and pyrimidine rings on the
molecule. The presence of sulphur and nitrogenha drug moiety were also
confirmed. The Rf values obtained from the chrometms using three different
solvent systems were found to be approximately damsildenafil in the extracted
form and the powdered tablet. A summary of testlte®r sildenafil citrate and

sildenafil citrate tablet is presented that coudddb use in quick verification of the

identity of the drug?™

Graziano.S et al 2014Sildenafil citrate (Viagra®) is a vasoactive agent
available worldwide since 1998 for the treatmentnafie erectile dysfunction. It is a
selective phosphodiesterase type 5-enzyme inhisitler to potentiate the downstream
effects of nitric oxide on smooth muscle relaxatma vasodilation through its effects
on the cyclic guanosine monophosphate (c-GMP) paghw the erectile tissue of the
penis. When sildenafil is orally administered sitrapidly absorbed with a maximum
plasma concentration achieved within 1 h and hasnainal half-life of between 3 to
6 h. The drug is extensively and rapidly metabdliby the liver, primarily by the
CYP3A4 enzyme. Although the drug is well toleratspecific adverse events have
been observed, like flushing, headaches, dyspeasi,visual disturbances. Liver
toxicity related to sildenafil consumption has bemmsidered a very rare event.
However, in the last decade, some cases of silfl@asabciated hepatotoxicity have
been reported. Furthermore, some hepatic intoricathave been reported after the

intake of “natural” or “herbal” aphrodisiac supplents sold through Internet, sex
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shops, social media, and by word-of-mouth founccaotain sildenafil and other
phosphodiesterase type 5 (PDE-5) inhibitors. Studwestigating a possible link
between sildenafil use and liver damage are limiged the underlying mechanism
responsible for hepatotoxicity is still missingudies in animals evidence that the
hematopoietic function of the liver may have selyebeen affected as a result of a

probable toxic effect of sildenafil. Here, the sasdreporting liver toxicity by

. - . . . 2
sildenafil in humans and in animals are reporteﬂdascusse& ]
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3. AIM AND OBJECTIVE OF THE WORK

The drug analysis plays an important role in afieass regarding the drug
right the development to the therapeutic use ofdhay. Industries manufacturing
pharmaceutical must ensure that the raw materéa asd the final product obtained
meets the required specification to fulfill thisrpase they rely upon quantitative

chemical analysis.

The Literature survey indicates that a very fewhuds were developed for
the estimation of sildenafil citrate by RP-HPLC dd¥ in bulk and tablet dosage
form. So an attempt was made to develop a new RECHRethod for sildenafil

citrate in soft gelatin capsules which is moreatae, economical and flexible.

The objective of the present work is to developear method of estimation
for sildenafil citrate in soft gelatin capsulesRi-HPLC method. So an attempt was
made to develop and validate a simple, precisejrat;, linear and rapid RP-HPLC
method as per ICH guidelines for the estimatiosilofenafil citrate and to apply the

developed method to determine the validation of paumds.
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4. PLAN OF WORK

1. Literature survey.

2. Selection of drug sample.

3. Procurement of drug &other chemicals

4. UV-Visible spectrophotometry- wavelength selecti

5. HPLC method development

Selection of preliminary HPLC conditions

» Selection of mobile phase

Selection on column

» Analysis of laboratory mixture (standard)

The steps in method development will be as follows-

To obtain thorough knowledge of Practical RP-HPLE&tmod.

* To establish the initial chromatographic conditidos method.

» To perform assay for sildenafil citrate.

 To validate the developed method a per @& specifications of ICH

guidelines.
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1) Specificity

2) Linearity and Range

3) Precision

4) Accuracy

5) Ruggedness

6) Limit of detection

7) Limit of quantitation

8) Selectivity
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Drug Profile

Name

Chemical structure

Chemical Formula

[UPAC name

Molecular weight
Description
Solubility
Melting point
Drug category

Mechanism of action

5. DRUG PROFILE

sildenafil citrat&*32

HOOC

HOO OH

HOOC

G HagNe O11 S

5 -[2-ethoxy-5-(4 methyl piperazinylsulphonyl)
Phenyl]-1-methyl-3-n-propyl-1,6-dihydro
7H-pyrazolo[4,3-d] pyrimidin-7-one citrate
474.5764g/mol

Blue-coloured oval-shaped soft gelatine capsule
Soluble in water, ethanol and methanol

187°C to 189°C

phosphodiesterase type 5 inhibitor

When sexual stimulation causes local releaseMf O
Inhibitor of PDES5 by sildenafil citrate increased
levels of sildenafil causes increased levelsgh®

in the corpus cavernosum. Sildenafil at reconeded

doses has no effect in the absence of stimaolatio
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Drug Profile

Pharmacokinetics
Bioavailability

Metabolism

Half life

Excretion

Dosage form
Route

Medical uses

ADVERSE EFFECTS

Approximately 41% bioavailability orally

Sildenafil appears to be completely metabolized

in the liver to 16 metabolites. Its metabolism is
mediated mainly by cytochrome P450 microsomal
isozymes 3A4 (major route) and 2C9 (minor route).
Approximately 4 h

About 80% of an oral dose is metabolized and
excreted in the feces, and about 13% is excrated
the urine.

Capsule

Oral

Sildenafil is used to treat high blood pressurtha
lungs (pulmonary hypertension). It works by réhax
and widening the blood vessels in your lungs whic
allows the blood to flow more easily. Decreadimgh
blood pressure in the lungs allows your heartlands
to work better and improves your ability to exsec
Dizziness, lightheadedness, headache, flushing,
stomach upset, nosebleeds, trouble sleeping, or
swollen hands/ankles/feet (edema) may occuro¥isi
changes such as increased sensitivity to lightrdxl
vision, or trouble telling blue and green colapart
may also occur. If any of these effects pergist o

worsen, tell your doctor or pharmacist promptly.
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6. MATERIALS AND INSTRUMENT USED

CHEMICAL AND SOLVENTS USED:

%

S. No. Name Grade Make Lot Number Purity
o1 |Ammonium Acetate —AR | o | Rankem| P14G102236  97.59
grade
02 Acetonitrile - HPLC grade  HPLC Finar 140181013KE099.80
03 Potassium Hydroxide AR Rankem JO38H10 85.(
04 HPLC water AN WATER
COLUMN USED:
S.
Make Column Name ID Serial No.
No.
C18, 15 cm x 4.6mm,
01 | Waters AD/LCCN/079 | 28113416413867
Reliant 5
Km
C18, 15 cm x 4.6mm,
02 | Waters AD/LCCN/050 | 27613400214059
Reliant 5 um
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SAMPLE USED:

Batch Packing Mfg. Exp.
Product name _
number details Date Date
Sildenafil Citrate Soft gelatin _
SCC-501| Blister pack 10/2015| 09/2018
Capsules 50 mg

WORKING STANDARD, PLACEBO USED::

S.No. Name WS code Purity Valid Up to
Sildenafil Citrate
01 CP2WS/058/001 | 99.02 % June-2016
Working Standard
02 Placebo SCC-501P Not Applicable
INSTRUMENTS USED:
Date of Due date of
S-No. Name Make & Model D Calibration | Calibration
Analytical
_ yt- Mettler _ _ _
01 | Weighing AD/INS/001 Daily calibration
Toledo XS105
Balance
Agilent AD/INS/030 | 07.10.2015 02.04.2016
02 | HPLC 1260 & 1290
series AD/INS/031 | 07.10.2015 02.04.2016
03 | Sonicator | PCI India AD/INS/01¢ Not Applicable
04 | pH Meter | Hanna AD/INS/035 Daily calibration
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7. METHOD DEVELOPMENT AND VALIDATION

SOLUBILITY:

According to literature review collected sildenditrate are freely soluble in
water, methanokthanol, DMSO and DMFThe solubility was checked and finally

ammonium acetate bufferas chosen for present work.

SELECTION OF CHROMATOGRAPHIC METHOD FOR SEPARATION:

Selection of the method depends upon the natusaraple (ionic/ ionisable/
neutral), its molecular weight and solubility. Maxtthe drugs are polar in nature
and hence reversed phase HPLC is preferred overaitmeal phase HPLC method.
The drug combinations concerned for the presendystare also polar. Hence
reversed phase HPLC was selected for separatitimeafirug combination because

of its suitability.

SELECTION OF DETECTION OF WAVELENGTH (' A max):

Selection of detection of wavelength is #ical step in the analytical
method. The spectrum of diluted solutions was sedrover the range of 200 — 400

nm in spectrum mode.
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UV SPECTRA OF SILDENAFIL CITRATE

TRIAL 1

Column : waters reliant{g 15 cm x 4.6 mm, 5 um
Flow Rate : 1.0 mL/minute

Pump mode . Isocratic

Detector wavelength : 240 nm

Injection volume . 20 pL

Column Temperature . 25.0°C

Mobile phase composition : Phosphate buffer: Aaigtibe 1:1% v/v
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TRIAL 2

Column : C18,15cm x 4.6 mm, 5 um
Flow Rate : 1.0 mL/minute

Pump mode . Isocratic

Detector wavelength . 240 nm

Injection volume . 20 pL

Column Temperature . 25.0°C

Mobile phase composition : Ammonium acetate: Acigtibar 1.5:0.5% v/v
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Optimized Chromatographic conditions:

Column : C18,15cm x 4.6 mm, 5 um
Flow Rate 1.0 mL/minute
Pump mode . Isocratic
Detector wavelength ;240 nm
Injection volume . 20 pL
Column Temperature . 25.0°C
Mobile phase composition : Ammonium acetate buffécetonitrile 1:1% v/v
303 Retention Time r| 0
Name i
200 200
2 =
g S
100 3 F100
| -
| '||
M |
0 I _“-'_'F' T I | I“' T '\‘ T T | | | O
0 1 2 3 4 5 6 7 8 9
Minutes
Methodology adopted

» Mobile phase selection

> Preparation of buffer solution
> Preparation of mobile phase
» Preparation of diluent

» Preparation of standard stock solution
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> Preparation of standard solution

> Preparation of sample solution

» Setting the instrumental parameters before perfogrthe analysis for
1. Detector

2. Pump

» Development of chromatogram and determination tenteon time.

Selection of mobile phase:

The mobile phase system consisting of ammoniunmateand acetonitrile in
the ratio of 1:1v/v was found to be effective i theparation of sildenafil citrate in

pure form as well as in dosage forms.

MOBILE PHASE PREPARATION:

Preparation of 5M Potassium hydroxide solution:

Weigh and dissolve 28.0 g of Potassium hydroxide 100 mL volumetric

flask and dilute to volume with purified water.
Preparation of 0.2M Ammonium acetate Buffer:

Weigh and dissolve 15.42 g of ammonium acetata @000 mL volumetric
flask, and dilute up to the volume with purified tesa Adjust the pH to 7.00 with

5M Potassium hydroxide solution.
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Preparation of Mobile Phase:

Prepare a mixture 500 volume of Ammonium aceBatiéer and 500 volume
of Acetonitrile, mix well. Filter the solution thogh 0.45 pm nylon filter and

sonicate for 10 minutes.

Preparation of Diluent:

Mobile phase

Procedure for preparation of analytical solution:

Preparation of standard solution (50.0 mcg /mL of Bdenafil Citrate):

Weigh accurately 50 mg of Sildenafil Citrate wiak standard and transfer
into 100 mL volumetric flask, add 60 mL of mobilegse and sonicate for 5 minutes
to dissolve. Cool and dilute up to the volume witiobile phase and mix well.
Transfer 5 mL of the above solution through pipette 50 mL volumetric flask and
dilute up to the volume with mobile phase . Filtee solution through 0.45 pm
nylon filter and collect the solution in an HPLGWafter discarding about the first 2

mL of the filtrate.

Preparation of sample solution for 50 mg (50.0 mcgiL of Sildenafil Citrate):

Accurately weigh and transfer 5 soft gelatin cégs (equivalent to 250 mg
of Sildenafil Citrate) into 250 mL volumetric flaskhdd about 25 mL of water and
sonicate for 10 minutes to disperse the capsulels #dd about 120 mL of mobile
phase and sonicate for 15 minutes to dissolve. @odldilute up to the volume with

mobile phases and mix well. Transfer 5 mL of thewabsolution through pipette
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into 100 mL volumetric flask and dilute up to thelwume with mobile phases and
mix. Filter the solution through 0.45 pm nylon diltand collect the solution in an

HPLC vial after discarding about the first 2 mLtbé filtrate.
METHOD VALIDATION

Validation of analytical method is a process t@bbksh that the performance
characteristics of the developed method meet tlgeinement of the intended

analytical applicatioff*>?!
SYSTEM SUITABILITY PARAMETERS

System suitability is the test to ensure that tlethmds can generate results

of acceptable accuracy and precision.

Standard solutions of ranitidine Hcl were predaas per test method and

five replicate injections were made to study sysseitability parameters.
Parameters studiedTailing Factor.

Number of theoretical plates (N). Retention time.

Relative standard deviation.

Typical analytical parameters used in method validaon include
1. Specificity

2. Linearity and Range

3. Precision

4. Accuracy
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5. Ruggedness
6. Limit of detection
7. Limit of quantitation

8. Selectivity

SPECIFICITY

The specificity of the method can be defiresl the ability to measure
accurately the concentration of an analyte in thesgnce of all other sample

materials.

Procedure:

Inject the blank, placebo, standard and sampleapations based on

“Injection sequence”detailed below and measure the corresponding area

Injection sequence:

Particulars Number of Injection
Blank 1
Placebo preparation 1
Standard preparation 5
Sample preparation 2
Bracketing standard 1
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Acceptance criteria:

No any peak should be obtained in the retentiore toh Sildenafil Citrate

from the blank and placebo chromatograms.

LINEARITY AND RANGE

Linearity is the measure of how well a caltion plot of response Vs
concentration approximates a straight line. Lingazan be assessed by performing
the single measurement s at several analyte caatiens. The data are then
processed using a linear least square regressienrésulting plot slope, intercept

and correlation coefficient provide the desiresinfation on linearity.

Ability to obtain test results which are directigroportional to the
concentration of analyte. For an establishmenthef linearity 60%, 80%, 100%,

120%, and 160% of standard and sample concentsadiwall be used.

Preparation of Linearity from standard:

Standard stock solution(500 mcg/mL of Sildenafil Citrate):

Weigh accurately about 50 mg of Sildenafil C#ravorking standard and
transfer into 100 mL volumetric flask, add 60 mLnebbile phase and sonicate for 5
minutes to dissolve. Cool and dilute up to the woduwith mobile phase and mix

well.

60 % Linearity standard concentration (30.0 mcg/mLof Sildenafil Citrate):

Transfer 3.0 mL of above standard stock solutimough pipette into a 50 mL

volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
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solution through 0.45 um nylon membrane filter aotlect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.

80 % Linearity standard concentration (40.0 mcg/mLof Sildenafil Citrate):

Transfer 4.0 mL of above standard stock solutimough pipette into a 50 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter anlllect the solution in an HPLC

vial after discarding about first 2 mL of filtrate.

100 % Linearity standard concentration (50.0 mcg/mLof Sildenafil Citrate):

Transfer 5.0 mL of above standard stock solutimough pipette into a 50 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter anlllect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.

120 % Linearity standard concentration (60.0 mcg/mLof Sildenafil Citrate):

Transfer 6.0 mL of above standard stock solutionugh pipette into a 50
mL volumetric flask and dilute up to the volume lwihobile phase and mix. Filter
the solution through 0.45 um nylon membrane fiied collect the solution in an

HPLC vial after discarding about the first 2 mLtbé filtrate.

160 % Linearity standard concentration (80.0 mcg/mLof Sildenafil Citrate):

Transfer 8.0 mL of above standard stock solutioough pipette into a 50 mL

volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
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solution through 0.45 um nylon membrane filter aotlect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.

Preparation of Linearity solution from Sample:

Sample stock solution (1000 mcg/mL of Sildenafil @ate):

Accurately weigh and transfer 5 soft gelatin cégs of Sildenafil Citrate
sample (equivalent to 250 mg of Sildenafil Citratgp 250 mL volumetric flask.
Add about 25 mL of water and sonicate for 10 miautedisperse the capsules shell.
Add about 120 mL of mobile phase and sonicate ominutes to dissolve. Cool

and dilute up to the volume with mobile phases mndwell.

60 % Linearity sample concentration (30.0 mcg/mL ofSildenafil Citrate):

Transfer 3.0 mL of above Sample stock solutianugh pipette into a 100 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter anlllect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.

80 % Linearity sample concentration (40.0 mcg/mL ofSildenafil Citrate):

Transfer 4.0 mL of above Sample stock solutianugh pipette into a 100 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter anlllect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.
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100 % Linearity sample concentration (50.0 mcg/mL DSildenafil Citrate):

Transfer 5.0 mL of above Sample stock solutiaough pipette into a 100
mL volumetric flask and dilute up to the volume lwihobile phase and mix. Filter
the solution through 0.45 pum nylon membrane fiited collect the solution in an

HPLC vial after discarding about the first 2 mLtbé filtrate.

120 % Linearity sample concentration (60.0 mcg/mL DSildenafil Citrate):

Transfer 6.0 mL of above Sample stock solutianugh pipette into a 100 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter aotlect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.

160 % Linearity sample concentration (80.0 mcg/mL DSildenafil Citrate):

Transfer 8.0 mL of above Sample stock solutianugh pipette into a 100 mL
volumetric flask and dilute up to the volume witloloile phase and mix. Filter the
solution through 0.45 um nylon membrane filter anlllect the solution in an HPLC

vial after discarding about the first 2 mL of thigréte.
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Injection sequence:

Different Linearity Standard and Sample preparations | Number of Injection
Blank 1

Standard preparation 5

60 % Linearity standard and sample concentration 2

80 % Linearity standard and sample concentration 2

100 % Linearity standard and sample concentration 2

120 % Linearity standard and sample concentration 2

160 % Linearity standard and sample concentration 2
Bracketing Standard 1

Acceptance criteria:

» Correlation co-efficient between concentrations @sdarea should be more

than 0.998.

PRECISION

The precision of an analytical procedure expresbe closeness of

agreement between a series of measurements uedarescribed conditions.

SYSTEM PRECISION:

Determines the closeness of agreement of the semmm@genous standard

preparations under the prescribe conditions.

Procedure:

Inject the blank, standard preparations based lojection sequence”
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detailed below and measure the corresponding area

Injection sequence:

Particulars Number of Injection
Blank 1
Standard preparation 5

System Suitability requirement:

Report the system suitability requireménto C as mentioned in themethod

of analysis in the step no.: 5.0

Acceptance criteria:

>

The Tailing factor of the peak due to Sildenafitr&ie obtained from five

replicates standard solution injections should dtenmore than 2.0.

Theoretical plates of the peak obtained for fivplioates standard solution

injections of Sildenafil Citratshould be not less than 2000.

The relative standard deviation of the area obthioe Five replicate standard

solution of Sildenafil Citrateshould be not more than 2.0%.

The relative standard deviation of the retentiometiobtained for five replicate

standard solution of Sildenafil Citraglould be not more than 1.0%.
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A) SYSTEM PRECISION

METHOD PRECISION (REPEATABILITY):

Determines the closeness of agreement of the $mmgenous sample
under the prescribe conditions. Performing assagildenafil citrateSoft gelatin
Capsules 50ng a minimum of six sample preparations from @lsifatch shall be

made and analyze separately.

Procedure:

Inject the blank, standard and sample prepamtioased on “Injection

sequence” detailed below and measure the corresgpacka.

Injection sequence:

Particulars Number of Injection
Blank 1
Standard preparation 5
Sample preparations — 1,2,3,4,5/6 2
Bracketing standard 1

Acceptance criteria:

> Assay obtained for each six sample preparationsidhm® between 90.0 and

110.0%.

» The RSD obtained for the assay results for six samgparations should be

not more than 2.0 %.

Dept. of Pharmaceutical Analysis 50 JKK Nattraja College of Pharmacy



Chapter 7 Method Development and Validation

METHOD PRECISION (REPEATABILITY):

The method precision was determined by prepaiixgample solutions of
Sildenafil Citrate from Sildenafil Citrate Soft géih Capsules 50 mg as per the

procedure included in the protocol.

ACCURACY

Accuracy is defined as closeness of measured \taluke true value The
accuracy of an analytical procedure expresses ltsemess of agreement between
the value which is accepted either as a converitiona value or an accepted

reference value and the value found.

Preparation of analytical solution:

Preparation of standard solution (50.0 mcg /mL of Bdenafil Citrate):

Weigh accurately about 50 mg of Sildenafil Citraterking standard and
transfer into 100 mL volumetric flask, add 60 mLnebbile phase and sonicate for 5
minutes to dissolve. Cool and dilute up to the woduwith mobile phase and mix
well. Transfer 5 mL of the above solution througpgtte into 50 mL volumetric
flask and dilute up to the volume with mobile phase mix well. Filter the solution
through 0.45 pm nylon filter and collect the sadatiin an HPLC vial after

discarding about the first 2 mL of the filtrate.
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Placebo spiked with 50 % standard preparation (25.0mcg/mL of Sildenafil

Citrate):

Weigh accurately 1 Sildenafil Citrate soft gelatiapsules 100 mg Placebo
and 50 mg of Sildenafil Citrate Working standardd amnansfer into 200 mL
volumetric flask. Add about 25 mL of water and saté for 10 minutes to disperse
the capsules shell. Add about 100 mL of mobile prea®d sonicate for 15 minutes
to dissolve. Cool and dilute up to the volume witiobile phase and mix well.
Transfer 5 mL of the above solution through pipette 50 mL volumetric flask and
dilute up to the volume with mobile phase and rkier the solution through 0.45
pm nylon filter and collect the solution in an HPkf@l after discarding about first 2

mL of filtrate. Prepare the sample preparatiorriplitate.

Placebo spiked with 100 % standard preparation (5@Q. mcg/mL of Sildenafil

Citrate):

Weigh accurately 1 Sildenafil Citrate soft gelatiapsules 100 mg Placebo
and 100 mg of Sildenafil Citrate Working standamd aransfer into 200 mL
volumetric flask. Add about 25 mL of water and saté for 10 minutes to disperse
the capsules shell. Add about 100 mL of mobile pharsd sonicate for 15 minutes
to dissolve. Cool and dilute up to the volume witiobile phase and mix well.
Transfer 5 mL of the above solution through pipé@ite 50 mL volumetric flask and
dilute up to the volume with mobile phase and rkier the solution through 0.45
pm nylon filter and collect the solution in an HPUkf@l after discarding about first 2

mL of filtrate. Prepare the sample preparatiorriplicate.
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Placebo spiked with 150 % standard preparation (79 mcg/mL of Sildenafil

Citrate):

Weigh accurately 1 Sildenafil Citrate soft gelatiapsules 100 mg Placebo
and 150 mg of Sildenafil Citrate Working standamd aransfer into 200 mL
volumetric flask. Add about 25 mL of water and saté for 10 minutes to disperse
the capsules shell. Add about 100 mL of mobile prea®d sonicate for 15 minutes
to dissolve. Cool and dilute up to the volume witiobile phase and mix well.
Transfer 5 mL of the above solution through pipette 50 mL volumetric flask and
dilute up to the volume with mobile phase and rkier the solution through 0.45
pm nylon filter and collect the solution in an HPkf@l after discarding about first 2

mL of filtrate. Prepare the sample preparatiorriplitate.

Procedure:

Inject the blank, standard and placebo spikeddstah preparations based on

“Injection sequence”detailed below and measure the corresponding area

Injection sequence Table:

: No. of
Particulars L
injections
Blank 1
Standard preparation 5

Placebo spiked standard solution 50% - preparafip8s& 3 Each 3

Placebo spiked standard solution 100% - prepastio? & 3 Each 3

Placebo spiked standard solution 150% - prepamtio? & 3 Each 3

Bracketing Standard 1
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Calculations for Sildenafil Citrate accuracy

Step 1: Standard added in mg (Working standard soltiion)

Standard wt in mg 5

Step 2: Placebo spiked standard added in mg at 100%

W1 of spiked standard in mg 5

Step 3: Placebo spiked standard recovered in mg

Placebo spiked standard area X standard added {(Woiking standard solution)

Average area of working standard solution

Step 4: Recovery in percentage

Placebo spiked standard recovered in mg
----------------------------------------------------- X 100
Placebo spiked standard added in mg

System Suitability requirement:

Report the system suitability requireméntB and C as mentioned in the

method of analysis in the step No.: 5.0.

Acceptance criteria:

In each concentration, the sildenafil citrate wogk standard spiked with

placebo should be recovered between 98.0 % an@® %62.
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ROBUSTNESS:

The Robustness for the analytical procedure exesess measure of its
capacity to remain unaffected by small, but debbervariations in method

parameters and provides an indication of its rditsl@uring analysis

Procedure:

Working standard solutions and working sample sahutvere prepared by
different analyst on different days. Solutions wenected as per the test method

and chromatograms were recorded.

Inject the blank, standard and sample solution gepns based on

“Injection sequence”detailed below and measure the corresponding area

Injection sequence:

Particulars Number of Injection
Blank 1
Standard preparation 5
Sample preparations — 1,2,3,4,5/6 2
Bracketing standard 1

Acceptance criteria:

> Assay obtained for each six sample preparationsldhme between 90.0 and

110.0 %.

> The RSD obtained for the assay results for six $ampgeparations should be

not more than 2.0 %.
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a. INTERMEDIATE PRECISION-(RUGGEDNESS) :

The Intermediate precision was determined by pregaix sample solutions

of Sildenafil Citrate Soft gelatin Capsules 50 nygaldifferent analyst.

Robustness

Robustness of an analytical method is measuresotapacity to remain
unaffected by small but deliberate variation in moet parameters. It provides

information about the reliability of method.

DETERMINATION:

The robustness of an analytical method is detemininyeanalysis of aliquots
of homogenous lots by differing physical parametés flow rate and column

temperature.

Change in flow rate plus (1.2 mL/minute):

For Chromatographic conditions, follow the methdduealysis given in the
step No.: 5.0 except by changing the flow to 1.2 hrhinute instead of 1.0 mL /

minute.

Change in flow rate minus (0.8 mL/minute):

For Chromatographic conditions, follow the methdduealysis given in the
step No.: 5.0 except by changing the flow to 0.8 hrhinute instead of 1.0 mL /

minute.

Dept. of Pharmaceutical Analysis 56 JKK Nattraja College of Pharmacy



Chapter 7 Method Development and Validation

Change in wavelength plus (242 nm):

For Chromatographic conditions, follow the methdduealysis given in the

step No.: 5.0 except by changing the wavelermg@24® nm instead of 240 nm.

Change in wavelength minus (238 nm):

For Chromatographic conditions, follow the methdduealysis given in the

step No.: 5.0 except by changing the waveletm288 nm instead of 240 nm.

System Suitability requirement:

Report the system suitability requiremexitB and C as mentioned in the

method of analysis given in the step No.: 5.0.

Acceptance criteria:

» Assay obtained for each robustness parameter sHmiltbetween 90.0 and

110.0%.

» The combined RSD obtained for the assay resulb @&aeh robustness parameter

and six assay results of method precision shoultbbenore than 2.0 %.

ROBUSTNESS

A deliberate plus and minus changes in the acalymethod parameters
such as in wavelength, and flow rate was alterettlam assay analytical study done

as per the protocol.
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STABILITY OF ANALYTICAL SOLUTIONS:

Solutions to be used in the analytical method shdad analyzed for the
study of their stability. This study should be penfied by injecting standard
solution and sample solution at probable time goiabhd minimum not less than 24

hours shall be studied.

Note:

»  Maintain the chromatographic conditions and sohgireparation as per the
procedure given in method of analysis which is dbed under section No.:5.0

and injections sequence for solution stability gtisdgiven in below table.

» The maximum time for inject able usage of standamd sample solution is

absolutely depends on tikeHours of solutions stability studied.

Injection sequence:

Table No. 24
Particulars Number of Injections

Blank (0 Hour) 1
Standard preparation (0 Hour) 1
Sample preparation (0 Hour) 1
Blank (X Hours) 1
Standard preparation (X Hours) 1
Sample preparation (X Hours) 1
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Acceptance criteria:

Cumulative % RSD for area obtained between iniitae point and various

probable intervals time points should be not mbent2.0 %.

STABILITY OF ANALYTICAL SOLUTIONS:

Standard and sample solutions to be used in tiadytacal method are
scrutinized for their solution’s stability. Thisusly was performed by injecting

standard and sample solution for the period of @4
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8. CHROMOTOGRAMS
SPECIFICITY (blank , standard & sample)

Chromatogram No : 8.1 Blank
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Chromatogram No : 8.2 placebo
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Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
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Chromatogram No : 8.3 Standard
3003 Retention Time 'I F 300
1 Name L
2004 ' - 200
2 2
£ 1 i £
1004 7 - 100
3 \tﬁl" L
'Iq.l'\. ‘
O ""I“"\""_--'_:_"I""I""\"""“I""'I""I“"\"“""I""I"""“I""I"" O
0 1 2 3 4 5 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.507 251710820 11325 1.12
Citrate
Totals
251710820
Chromatogram No : 8.4 Sample
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£ ] 8 £
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A
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0 T T T T T } = T - T ‘ T T T T T O
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1 Sildenafil 4.500 270393401 11311 L1l
Citrate
Totals
270393401
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LINEARITY
Standard

Chromatogram No:8.5 Linearity 60%
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| Sildenafil 5033 151677294 6993 0.98
Citrate
Totals
151677294
Chromatogram No:8.6 linearity 80%
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1 Sildenafil 5.040 201279288 6960 0.97
Citrate
Totals
201279288
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Chromatogram No : 8.7 Linearity 100%
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| Sildenafil 5.047 2508858738 7005 0.94
Citrate
Totals
250885878
Chromatogram No : 8.8 Linearity 120%
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3 Name L
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1 Sildenafil 5.040 303794785 6935 0.95
Citrate
Totals
303794785
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Chromatogram No : 8.9 Linearity 160% Standard
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4 Name L
S 200 200 5
£ i | i £
o
100 ||t3| - 100
N ||8|| L
0 T T T T T T T 'II :JII' I.ID' I'L' T |I T T T T T D
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
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1 Sildenafil 5.033 399892519 6994 097
Citrate
Totals
399892519
Chromatogram No. : 8.10 Linearity 160%
303 Retention Time 300
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1 Sildenafil 5.040 158469512 6980 0.94
Citrate
Totals
158469512
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Sample

Chromatogram No : 8.11 Linearity 60%
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Peak Number Name Retention Time Area Theoretical Asymmetry
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1 Sildenafil 5033 205672985 6946 094
Citrate
Totals
205672985
Chromatogram No. : 8.12 Linearity 100%
3009 Retention Time 00
3 Name o b
W
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W
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1 Stildenafil 5027 262694385 6981 097
Citrate
Totals
262694385

Dept. of Pharmaceutical Analysis 65

JKK Nattraja College of Pharmacy



Chapter 8 Chromatograms

Chromatogram No : 8.13
Linearity 120%
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Peak Number Name Retention Time Area Theoretical Asymmetry
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| Sildenafil 5.033 313842623 6925 0.95
Citrate
Totals
313842623

Chromatogram No : 8.14
Linearity 160% Sample
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1 Sildenafil 5027 413117111 6923 0.96
Citrate
Totals
413117111
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SYSTEM PRECISION

Chromatogram No : 8.15
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1 Sildenafil 4,480 252184542 11339 1.13
Citrate
Totals
252184542

Chromatogram No : 8.16
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1 Sildenafil 4,487 252489103 11336 1.10
Citrate
Totals
252489103
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Chromatogram No : 8.17
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1 Sildenafil 4.480 252063502 11352 1.12
Citrate
Totals
252063502

Chromatogram No : 8.18
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1 Sildenafil 4,480 251865543 11350 L.11
Citrate
Totals
251865543
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Chromatogram No : 8.19

3003 Retention Time | 300

1 Name b

200 { 200

1004 E =100
I a

I|-q;ll |
O T T -\I_ T T T I“I“"I""'III T T T T T T O
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.480 252233194 11342 112
Citrate
Totals
252233194
METHOD PRECISION
Chromatogram No : 8.20 Sample
- |
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1 Sildenafil 4.480 273811226 11314 1.15
Citrate
Totals
273811226
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Chromatogram No : 8.21

_ i :
3003 Ratention Time i 5_300
Name s
2004 ‘ 200
z k f i
100 g 100
| :
] ) g
.I‘rl‘- |
O T - T T T T L " T " LI i T T T T T T T T 0
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.480 278804156 11302 1.15
Citrate
Totals
278804156
Chromatogram No : 8.22
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1 Sildenafil 4.480 275977625 11344 1.11
Citrate
Totals
275977625
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Chapter 8 Chromatograms
Chromatogram No : 8.23
09 Retention Time I 300
1 Name E P
200 1 ' 200
2 2
g ] g 3 g
100 g -100
oy
1 M -
0 T I_\-I L T T I\ I"T:\‘"I |I T T L T T O
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4487 279908440 11354 1.09
Citrate
Totals
279908440
Chromatogram No : 8.24
3003 Retention Time l 300
1 Name E 3
2001 g - 200
2
E 3 i
100 g - 100
; o i
|
0 — 5\ | 0
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.487 275057250 11363 1.08
Citrate
Totals
275057250
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Chapter 8

Chromatograms

Chromatogram No : 8.25

- |
3003 Retention Time || 7300
1 Name g L
2004 i - 200
2 2
P E S
100 F'* - 100
] \ a2
|
J=r} |
0 T '|'-‘_“" T LB I e I'l'\' T T T U 0
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.480 280056030 11370 1.14
Citrate
Totals
280056030
ACCURACY
Chromatogram No : 8.26
Accuracy 50% Preparation 1
300+ Retention Time 300
Name o
] g <
_ 2004 & F200
< : = : <
£ o E
=
; 3 :
100 - ; 100
: ﬂ :
4 e 3
1 o)
03 T e S .
0 1 2 3 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 118429857 6974 0.95
Citrate
Totals
118429857
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Chapter 8

Chromatograms

Chromatogram No : 8.27

Accuracy 50% Preparation 2

A Retention Time | 300
Name o
: £ :
, 2001 5 F200
< ] = [ <
E o E
(=4
7 (] 5
100 E 100
: e
ek
O : T T T T T T f / I \ T |I T T T T G
0 1 2 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 117476643 7001 0.94
Citrate
Totals
117476643
Chromatogram No : 8.28
Accuracy 50% Preparation 3
304 Retention Time -
Name o &
: £
S 2001 5 F200
e ] = =
£ © [ £
c
| 2
1001 ; - 100
] f
; :'g.. a
0_-' i : “DI\ | 0
0 1 2 3 4 5 6 7 8 g
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 116063376 6986 0.94
Citrate
Totals
116063376
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Chapter 8

Chromatograms

Chromatogram No : 8.29

Accuracy100% Preparation 1

3003 Retantion Time F 300
Name o L
1 g
200 5 200
- 1 2
< ] ] S
] |
100 @ 100
5 &
] ol r
] ol
1 .ilml'- |
O_ﬁ.l‘—‘l_ _I_‘ I BN T 'J'I""I" T T T T 0
0 1 2 3 5 6 7 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
l Sildenafil 5.053 236560722 7000 0.94
Citrate
Totals
236560722
Chromatogram No : 8.30
Accuracy 100% Preparation
300 _ Retention Time ;_300
4 Name " L
] £ g
5 200 ] (;) :—200 5
< i z
E i L £
] | E
100 - ;—100
E Jwl L
ol L
] /o 3
07 T T T LI BN ‘j'l"'l T T "-D
0 1 2 3 5 7 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.053 236432216 7008 0.94
Citrate
Totals
236432216
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Chapter 8

Chromatograms

Chromatogram No : 8.31

Accuracy 100% Preparation 3

_— Retention Time 300
4 Name o
: £
200 - 5 200
: ! "
] E :
100 @ 100
ft| ;
{21 :
| :
oo e = I.,..j.,'.‘ ,....‘| e 0
0 1 2 4 5 6 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.040 237435669 6987 0.97
Citrate
Totals
237435669
Chromatogram No : 8.32
Accuracy 150% Preparation 1
300 Retention Time 1 ;_300
1 Name :
200 200
=] L o
: -3
] |§ C
\ ‘
100 2 5—100
] I\lg| o
o) :
07 T “I"'_I__\_I T T -'j'l‘: T T T ol
0 1 2 4 5 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.040 361355923 6965 0.95
Citrate
Totals
361355923
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Chapter 8

Chromatograms

Chromatogram No : 8.33

Accuracy 150% preparation 2

3003 Retention Time ] 300
1 Name g o
z 200 - E - 200 &
LA E 3
] llﬁl :
100+ = 100
] i '
3 ) #
E ,IQ!I -
0 ] T I_ I_ _\ T T T : T j T I\ T ‘ T T T - O
0 1 2 3 5 6 7 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.033 363760994 6938 0.96
Citrate
Totals
363760994
Chromatogram No : 8.34
Accuracy 150% Preparation 3
3003 Retention Time A 300
Name ' a
200 - 200
2 =
< <
£ i | [ £
] e} i
100 ||.(3| 100
] ool r
e
0 T T T T T = J'L\D"\"l T T 0
0 1 2 3 5 7 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.033 359228288 6984 0.98
Citrate
Totals
359228288
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Chapter 8

Chromatograms

Chromatogram No : 8.35

RUGGEDNESS(Inter mediate precision)

Sample50mg Preparationl

300 - 300
Retention Time 5
Name ;
200+ i) ;—200
2 1 2
E % £
| :
100 ﬁgl 100
@] i
| 2
B :
| ‘\ B
e e s ———: e i ‘__\_J___, e
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 247554814 5.120 1.01 6758
Totals
247554814
Chromatogram No: 8.36
Sample 50 Mg Preparation 2
300 - - 300
Retention Time
Name i
200 ® - 200
3 ] _ 2
T i Ed
2 ; I i £
] | o
100+ | gl 100
] I'Wl i
] Il 4
Qi T |_h T T T T T Jlﬂ\‘J‘ T T .- L
0 1 2 3 B 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 247931835 5.120 0.99 6723
Totals
247931835

Dept. of Pharmaceutical Analysis

77

JKK Nattraja College of Pharmacy




Chapter 8

Chromatograms

Chromatogram No : 8.37

Sample 50 mg Preparation2

300 - 300
1  Retention Time
Name i
2004 o 200
2 ; -3
E E _ 2
100 lrﬁ ;—100
|i'lﬁ"
] <
[
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
| Sildenafil citrate 245984367 5113 1.04 6693
Totals
245984367
Chromatogram No : 8.38
Sample 50mg Preparation 2
300 - 300
Retention Time
Name
200 1 o 200
mu-f ';%; - 100
||‘Iﬁ| :
il |"—I|
d [ pardl
0] s ‘ l%';k_n_‘\j'; : 0
0 1 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 247002518 5.113 1.02 6776
Totals
247002518
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Chapter 8

Chromatograms
Chromatogram No : 8.39
Sample 50 mg reparation 3
300 1 300
1  Retention Time
Name
200—; © 200
2 é 2
E : ! =
1004 lﬁ, L 100
@)
] ||N||
s
0 T T T G ‘—Zlm—i _I— Tl 0
0 1 2 3 4 5 B 7 B
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 253501297 5.120 1.01 6809
Totals
253501297
Chromatogram No : 8.40
Sample 50mg preparation 3
300 - - 300
1  Retention Time -
Name ;
2004 L 200
2 . § d 2
E : fEI : E
100 | L 100
9| .
II‘cBlI :
1 5 3
0 = e o
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 255339321 5.120 0.99 6759
Totals
255339321
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Chapter 8 Chromatograms

Chromatogram No : 8.41

Sample 50 mg Preparation 4

3001 - 300
Retention Time
Name
200 o - 200
= =
£ £
\
100 é’ =100
@)
|
0 o : S| 0
T T T T LB Ch B T LR A T T
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 249292157 5.120 1.02 6734
Totals
249292157
Chromatogram No : 8.42
Sample 50mg Preparation 4
300 300
Retention Time I
Name
200 4 o 200
5 ] é o o
< <
E : E
1004 l‘g L 100
. 2
2 i
[0
| e e e \’i FE—— B
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 250075032 5.127 1.00 6717

Totals

250075032
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Chapter 8

Chromatograms

Chromatogram No. : 8.43

Sample 50 mg Preparation 5

300 - 300
1 Retention Time -
Name :
200 1 o 200
| o L
2 é 2
£ : : £
_' | £
100 \'-‘3 100
§ (@) i
i o) I
| g _
04 — | -/I.I._m I\-J Lo
0 : 2 3 4 5 6 B
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 247967600 5.127 0.99 6751
Totals
247967600
Chromatogram No : 8.44
Sample 50mg Preparation 5
300 - 300
Retention Time -
Name .
2001 P L200
2 : :
E
] | [
100 E’l' 100
] |¢0|| A
'; = "
f . T I_ T T T ! jl = \\JI T T T : 0
0 1 2 3 4 5 8 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
| Sildenafil citrate 248895826 5.120 1.02 6749
Totals
248895826
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Chapter 8 Chromatograms
Chromatogram No : 8.45
Sample 50mg Preparation 6
300 300
Retention Time -
Name
200 - o L 200
] e g
2 B - 3
E : -
100 - '@ 100
f @ f
] ;NI\I I
: Ll
07 T T T T T T T — '{‘|I“:3 \b_lL_ _| T T T -0
0 1 2 3 4 5 6 7 B
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 253210685 5.120 1.08 6836
Totals
253210685
Chromatogram No : 8.46
Sample 50mg Preparation 6
300 - 300
1  Retention Time 5
Name -
2004 o L 200
o] ] =]
£ £
100 | L 100
B :
i llt"')l‘ e
1=\
a L | e g
0 1 2 3 4 5 6 7 8
Minutes
Peak Number Name Area Retention Time Asymmetry Theoretical
plates (USP)
1 Sildenafil citrate 253399230 5.127 1.03 6632
Totals
253399230
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Chapter 8

Chromatograms
ROBUSTNESS
Chromatogram No : 8.47
Sample
Change in flow rate (0.8 ml)-1
400 - 400
Retention Time |'|
Name g
2 2004 Loo0 3
£ g [ E
o ;
0 : a8 a
0o C 2 3 4 s 8 7T 8 g
Minutes
Peak Number Name Retention Tiume Area Theoretical Asymmetry
plates (USF)
1 Sildenafil 5.140 322155507 12538 1.16
Citrate
Totals
322155507
Sample Chromatogram No : 8.48
Change in Flow Rate (0.8ml)-2
400 400
Retention Time
1 Name # 5
2 200 g Looo 2
=
B
K
=
o 1 2 3 4 5 & T B g9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.140 294315284 12529 1.17
Citrate
Totals
294315284
Dept. of Pharmaceutical Analysis 83
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Chapter 8 Chromatograms

Chromatogram No : 8.49 Flow Rate Plus

Sample Change in Flow Rate (1.2ml)

maAL

3007 Retention Time | 30
1 Name :
g 200 L 200
s S
E A - E
100 A L 100
E & .
ford
0 — ! - | 0
T T T T T T T T
i 1 2 3 4 5 8 7
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenfil Citrate 3.953 241651646 10348 1.08
Totals
241651646
Chromatogram No : 8.50
Change in flow rate (1.2ml)
3003~ ~Retention Time 1 - 300
Name H -
200 F 200
B
E _ -
100 - —l 100
4 I'la'_:'ll -
D —~ . .;'lm b | ]
T T T T T T T T T T T T T
0 1 2 3 4 5 ] 7
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenfil Citrate 3.947 241697149 10330 1.16
Totals
241697149
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Chapter 8 Chromatograms

Chromatogram No : 8.51

Change in flow rate (1.2ml)

maLl

3007~ Retention Time 1 300
1 Name | L
200 - 200
7
E J -
100+ f:' 100
1] . .'“'l-.I l'\_ | o
T T T T T T T T T T T T T
0 1 2 3 4 5 ] 7
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenfil Citrate 3953 222273622 10314 1.10
Totals
222273622
Chromatogram No : 8.52
Sample change in wave length (238nm)
400 400
Retenticn Time |
] Name E r
2 200 - 200
E :
g
D T T T T T T T T qul-_l\-‘_ T |I T T T T T T D
i 1 2 3 4 5 B 7 8 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.467 295600275 11328 1.14
Citrate
Totals
295600275
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Chapter 8 Chromatograms

Chromatogram No : 8.53

Sample change in wave length (238nm)

400 400
Retention Time |
7 Name é B
g 200+ b - 200
E—
+
D T T T T TTr T T I"')I'I_I?!.T'III |I T T T T T T T D
i 1 2 3 4 5 ] 7 ;] g
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4 467 295662195 11295 1.16
Citrate
Totals
295662195
Chromatogram No : 8.54
Sample change in wave length(238nm)
400 400

Retention Time

T Name r
Z 200 Lo 32
(3 E
=T
T

|
0 S 0
i] 1 2 3 4 5 ] 7 ] 9
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4473 269197200 11339 1.12
Citrate
Totals

269197200
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Chapter 8

Chromatograms

Chromatogram No : 8.55

Robusness wavelength plus (242 nm) Sample replicdte 1

3007 Retention Time 300
Name ! o
200 200
3 2
E ] a L E
100 [ll%] 100
- |I;|I L
1] . Jl-q‘ lL | ]
0 1 4 B 6 7
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 237446646 11357 1.11
Citrate
Totals
237446646
Chromatogram No : 8.56
Sample Replicate No. 2
3007~ Retention Time 300
Name ! r
2004 200
2 3
E ] : 3 E
100 100
4 _I"-I [
=4
1] . )Iq k_ | o
0 1 4 5 6 7
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 237615481 11334 1.11
Citrate
Totals
237615481
Dept. of Pharmaceutical Analysis 87 JKK Nattraja College of Pharmacy




Chapter 8

Chromatograms

Chromatogram No : 8.57

Sample Replicate No. 3

3007 " Retention Time 300
Name ! o
200 - 200
2 Z
E A % L E
100 - 100
| ¥
1] . .'I = L | ]
0 1 2 3 4 5 & 7
Winutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 4.473 237827551 11353 1.13
Ciirate
Totals
237827551
STABILITY STUDY:
STANDARD 0, 3,6, 9, 12, 15, 18, 21, 24, HOURS
Chromatogram No : 8.58
300 _ Retention Time ;_300
1 Name g -
] g :
200 5 200
o 1 L
< p i r
E E -
100 — E — 100
0 | T — Iﬁl L L L L L L : 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.040 240467922 6903 0.95
Citrate
Totals
240467922
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Chapter 8 Chromatograms
Chromatogram No : 8.59
3009 Retention Time 300
1 Name ® L
£
200 4 5 - 200
2 - 2
E B [ E
100 E 100
0 T II|I| L I 0
0 5 10 15 20 25 30 35 40 45
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
l Sildenafil 5.047 240670302 6918 0.95
Citrate
Totals
240670302
Chromatogram No : 8.60
300 Retention Time 300
1 Name o o
£
200 5 200
=2 2
I ; z
E B [ E
100 E 100
0 —" |I| L e B I L IR 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 240602034 6940 0.94
Citrate
Totals
240602034

Dept. of Pharmaceutical Analysis
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Chapter 8 Chromatograms
Chromatogram No : 8.61
300 _ Retention Time 300
1 Name L
] £
2001 5 200
2 i
( h
E ] r
100- E 100
0 : T T I)I“ T —r T T T 0
0 5 10 15 2 0 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asyminetry
plates (USP)
1 Sildenafil 5.040 240773026 6923 0.98
Citrate
Totals
240773026
Chromatogram No : 8.62
300 _ Retention Time ;_300
4 Name 2 e
] £ g
2001 5 - 200
2 ] - . z
E ] F E
100—2 E ;—100
0: T "Ijlll' L B B ) O R L L :0
0 5 10 15 20 25 30 35 40 45
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
l Sildenafil 5.040 240744700 6929 0.97
Citrate
Totals
240744700
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Chapter 8 Chromatograms
Chromatogram No : 8.63
3009 Retention Time 300
1 Name P o
£
200 1 = 200
2 2
4 : 4
£ B [ E
100+ g 100
0 T I‘ll | T T L L L L 0
0 5 10 15 20 2% 30 % 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.033 240913809 6909 0.96
Citrate
Totals
240913809
Chromatogram No : 8.64
3003 Retention Time 300
1 Name I P
£
200 = - 200
2 - 2
£ B [ £
100 5 - 100
Of——= I| ‘ L B —r T —0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
l Sildenafil 3.020 240411477 6889 0.96
Citrate
Totals
240411477
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Chapter 8 Chromatograms
Chromatogram No : 8.65
3009 Retention Time 300
1 Name 4 L
£
2004 5 - 200
2
"y z
E ] i
1004 E - 100
0 T T I$| L e e e e B L L E S B B R B 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.020 239949634 6929 0.94
Citrate
Totals
239949634
Chromatogram No : 8.66
3009 Retention Time 300
1 Name 4 L
£
200 5 - 200
- 2
< i <
E ] r E
1004 E - 100
0 T L #L L — T 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.020 240330489 6938 0.94
Citrate
Totals
240330489
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Chapter 8 Chromatograms

STABILITY STUDY:
SAMPLE 0, 3, 6, 9, 12, 15, 18, 21, 24 HOURS

Chromatogram No : 8.67

mAU

3009 Retention Time 300
1 Name a
ju
200 & 200
2
L
E ] L
100 4 100
0 == LA L L By R B B R I B B B R R RO B B A 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 256661227 6906 0.95
Citrate
Totals
256661227
Chromatogram No : 8.68
0 1 Refention Time 5_300
1 Name g .
] < i
200 1 ' 200
2 ] L
q: R
E ] L
100 - - 100
0 ] i 0
T LA L A L B RN L HNL B L L L
0 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.040 256401938 6947 0.97
Citrate
Totals
256401938
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Chapter 8 Chromatograms
Chromatogram No : 8.69
300 _ Retention Time ;_300
Name o
200 200
o 1 L 2
< 1 <
E ] [ £
100 — 100
0 : T LA L s L R L B B B B S B B EN B L L L : 0
0 10 15 20 2 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.040 256749674 6908 0.97
Citrate
Totals
256749674
Chromatogram No : 8.70
3009 Retention Time 300
Name o
200 4 - 200
2 =
< z
£ h [ E
1001 - 100
0 = L L e I L L L B H I L R I R R 0
0 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.047 257485261 6951 0.94
Citrate
Totals
257485261
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Chapter 8 Chromatograms
Chromatogram No : 8.71
3002 Retention Time ;_300
Name s
g :
2001 ' F200
2 L 2
I [ 2
E ] F S
100 ;—100
0 ol |‘ T T L LA AL B R R B L R | ——— -#-_ 0
0 5 10 15 20 25 0 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
| Sildenafil 5.047 260634009 6936 0.96
Citrate
Totals
260634009
Chromatogram No : 8.72
300 Retention Time 300
1 Name @ L
o
200 ' 200
2 2
T z
E ] [ £
100 - 100
0 o T —r o T T 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.020 261251360 6923 0.97
Citrate
Totals
261251360
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Chapter 8 Chromatograms

Chromatogram No : 8.73

mAL

3009 Retention Time ;_300
1 Name 4 -
g r
200 - 200
L o
< : t <
E ] L E
100 E ~100
0 T — %l L e e e A L B R B B : 0
0 5 10 15 20 25 0 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.013 262832813 6935 0.97
Citrate
Totals
262832813
Chromatogram No : 8.74
300 _ Retention Time _ 300
Name g s
] g g
200 - 200
2 N L
< 1 [
E ] -
100 -100
0 __ﬁ —— 7 7 [ T [ : 0
0 5 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
1 Sildenafil 5.020 264082144 6933 0.96
Citrate
Totals
264082144
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Chapter 8 Chromatograms
Chromatogram No : 8.75
3009 Retention Time 300
1 Name o o
2001 200
2
<
E ] r
100 100
0‘ ‘I""I""I""I""I""I""I""O
0 10 15 20 25 30 35 40 45
Minutes
Peak Number Name Retention Time Area Theoretical Asymmetry
plates (USP)
l Sildenafil 5.007 267271980 6911 0.95
Citrate
Totals
267271980
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Chapter 9 Result and Discussion

9. RESULTS AND DISCUSSION

A new isocratic reverse-phase high performanceidigihromatographic at
was developed for quantitative determimatiof sildenafil citrate soft gelatin
capsule dosage forms. The mobile phase was used@iomm acetate and acetonitile
in the proportion of 1:1 v/v. The chromatographiethod was performed on .4
15 cmx4.6 mm,5um column at a flow rate of 1.0 min@olumn Temperature

was set a 25°C and injection volume was 20 1.

Estimation  of sildenafil citrate soft gelatin sajpe dosage form dosage
forms by RP-HPLC method was carried out using optch chromatographic
conditions. The standard and sample solutions wegpared. The chromatograms
were recorded. The peak area ratio of standarcsamgble solutions was calculated.
The capsule shows percentage purity values rarfging 99.36% to 100.52% for

sildenafil citrate respectively.

The method was validated according to the Q2 spatidns of the ICH
guidelines. The validated parameters were systdtabdlity, Precision, Accuracy,

Specificity, linearity, Ruggedness Robustness b, LOQ.

The resulting chromatograms exhibited retentiomet at 4.5 min for
sildenafil citrate soft gelatin caplules. The numbé theoretical plates were more
than 2000, for sildenafil citrate it was 11325 mspvely. The tailing factor was less
than 2 that is 1.12 for sildenafil citrate. Heradkethe system suitability parameters

were with the specified limits.
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Specificity

The specificity of the method was establishedripgating blank, placebo
and standard. It was observed that there was rasfénénce caused due to the

placebo. The chromatogram were shownhromatogram no : 8.1 — 8.4.

S.No. | Name of the Results obtained Acceptance criteria
solution
No peak found in the No any peak should be
01 Blank retention time of sildenafil | found in the retention
citrate time of sildenafil citrate
No peak found in the No any peak should be
02 Placebo retention time of sildenafil | found in the retention
citrate time of sildenafil citrate

System suitability result passes and the resblitsined for specificity are found
within the acceptance criteria. The obtained resptoved that there will not be
blank and placebo interference in the sildenafilaté soft gelatin capsule peak by

this assay method.

Linearity

The linearity for the drugs from concentrationgarof 30 - 60 and 8@ g/ml
was established by constructing the calibratiorvewith concentration on x-axis
and peak area on y-axis with the correlation coiffit of 0.999 for the drug
which were within specified limits. Theesults were shown ifhable no: 7.1 ,7.2
and Figure no 7.1,7.2.The chromatogram were showndnromatogram no: 8.5-

8.14.
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Table No 7.1: Linearity data obtained from 60 % t0160 % for Standard

. . Concentration
Linearity level _ _
c : of Sildenafil Standard Standard | Average
oncentration
Citrate area -1 area-2 area
in %
mcg/mL)
60 30 151677294 | 151861664 15126947
80 40 201279288| 202136838 20120806
100 50 250885878| 251145548 25121571
120 60 303794785| 304201777 303919828
160 80 309892519| 399849420 399%7097

Figure No 7.1: Calibration curve of standard sildeafil citrate

LINEARITY OF SILDENAFIL CITRATE FOR STANDARD
500000000
? 400000000 - y=5E+06x + 3E+06
E 300000000 - oot
:200000000-
Elmmmm-
0 | | | | | | | |
0 10 0 3 4 0 6 70 8 90
Concentration (mcg/mL)

Dept. of Pharmaceutical Analysis

100 JKK Nattraja College of Pharmacy



Chapter 9

Result and Discussion

Table no 7.2: Linearity data obtained from 60% to 50% for Sample

Linearity level Concentration of
) ) . Sample Sample Average
Concentration Sildenafil
) _ area -1 area-2 area
in % Citrate (mcg/mL)
60 30 158469512 159881630 159175571
80 40 205672985 20622506 205949024
100 50 262694385 265295848 263995117
120 60 313842623 315675130 314758877
160 80 413117111 413207957 413162534

Figure No 7.2: Calibration curve of sample sildenafil citrate

LINEARITY QF SILDENAFIL CITRATE FOR SAMPLE
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System suitability result passes and the resultsirdd for linearity are
found within the acceptance criteria. Hence it ahauded that the range of
concentrations, 60 % to 160 % with respect to 10Qvétking concentration for

assay method is linear for sildenafil citrate gfgtatin capsule.
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PRECISION

System precision was determined by preparing standard solution at
working concentration and analysis was carried dor replicate injections. The
percentage relative standard deviation (% RSD) caésulated for the peak areas of
sildenafil citrate which was found to be 0.091 exgjvely which were within the
acceptance criteria of not more than 2.0%. The gmage relative standard
deviation (% RSD) was calculated for the peak tetantime of sildenafil citrate
soft gelatin which was found to be 0.003 respebtiwghich were within the
acceptance criteria of not more than 1.0%. Thaltesvere presented in shown in
Table no 7.3 and Chromatogram No. 8.15 — 8.1ll the system suitability
parameters were well within the desirable limitsjndicates that the prescribed
method is suitable to perform the estimation oflesiiafil citrate Soft gelatin

Capsules Further there was no deviation in thergmethod

Table No 7.3: System precision (standard solution)

S. No. Sgi?ggﬁiﬂ??f CiStirEteenZ:ga Tailing factor | Theoretical plates
01 4.480 252184542 1.13 11339
02 4.487 252489103 1.10 11336
03 4.480 252063502 1.12 11352
04 4.480 251865543 1.11 11350
05 4.480 252233194 1.12 11342

Mean 4.481 252167177 1.12 11344

Std dev 0.003 229143.90
(RSD %) 0.07 0.091 NMT 2.0 NLT 2000
Limit NMT 1.0 % NMT 2.0 %
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Method precision

Method precision was determined by preparsig different samples

solutions from the capsules of same batch at wgrkoncentration and analysis was

carried out for six replicate injections. The pertege relative standard deviation (%

RSD) was calculated for the peak areas of sildendéfate which was found to be

1.006 for the drug which is within the acceptandéga of not more than 2.0%.

These results give the assurance of method repkgtabhe results were presented

in Table no: 7.4and shown ifChromatogram No. 8.20 — 8.25.

Table No 7.4: Method precision results

Samples Area

Results obtained

No. of Amount of Acceptance
Sample oM
prepargtion Sample -1 | Sample -2|  Average| drug present ngrcderﬂgage criteria
in mg
01 273811226| 273874982 273843104 53.62 107.24
02 278804156 279439194 2791216[75 54.65 109.30 §
03 275977625 275569282 275773454 53.99 107.98 S
04 279908440 28073996]7 280324204 54.88 109.76 :.'
05 2750572500 275230784 275144017 53.87 107.74 0\3
06 280151042 280056030 280103536 54.84 109.68 g
Mean 108.62 °
Std. Dev 1.093
RSD 1.006 NMT 2.0 %

System suitability parameters were well within firescribed limits which

revealed that the prescribed procedure is capalperform Method precision using

sample preparation. All the performed samples skowsults between 90.0 % and

110.0 %.The Method precision parameter compligseasn-House specification.
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Accuracy

Accuracy of the method was determined by performeapvery studies at
50%, 100%, 150%. Percentage recovery sildenafiiteitwere found to be % of
recovered within the range of 99.40 , 99.36 and.3® respectively which were

within the acceptance criteria of 98 - 102% regpebt The result of accuracy were

presented iTable No: 7.5and shown if€hromatogram No. 8.26-8.34.

Table No. 7.5: Accuracy Results

Sildenafil | Sildenafil
Accuracy | Citrate Citrate % Mean of % | Acceptance
Level in % added Recovered| Recovered| Recovered criteria
in mg in mg
0.024895| 0.024741 99.38
50 0.024675| 0.024614 99.75 99.40
0.024645| 0.024414 99.06 <
0.049795| 0.049570 | 99.55 §
100 0.050035| 0.049681 99.29 99.36 :
0.050060| 0.049677 99.23 :od
0.075125| 0.075456 100.44 7
150 0.075510| 0.076233 100.96 100.52
0.075055| 0.075180 100.17

System suitability result passes and the resultairdd for accuracy are
found within the acceptance criteria. Hence, @¢aacluded that the assay method for
sildenafil citrate Soft gelatin Capsules 50 mgrngfigient to recover between 50 %

and 150 % of sildenafil citrate drug material wisgrked in placebo.
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Ruggedness:

Ruggedness was determined by performing the sassay by different

analyst on the different days and the results wexked for the reproducibility.

The

%RSD was found to be 1.267 sildenafilat® which were within the

acceptance range of not more than 2 %. The restitsggedness were shown in

Table No: 7.6andChromatogram No. 8.35-8.46.

Table No 7.6: Intermediate Precision Results

Samples Area

Results obtained

SNa?ﬁ;())lfe Aolf‘n(;)rlagt Percentage| Acceptance
preparation | Sample-1| Sample -2 Average present of criteria
. drug
in mg
01 247554814 24793183p 247743325 53.4 106.40
02 245984367 247002518 246493443 52.9 105.86 X
03 253501297| 2553393201l 254420309 54.4 109.26 8
04 249292157 250075032 249683595 53.4 107.24 3
05 247967600] 248895826 248431713 53.3 106.70 Cé
06 253210685 253399230  2533049%8 54.3 108.78 g
Mean 107.37 ©
Std. Dev 1.360
RSD 1.267 NMT 2.0 %

System suitability result passes and the resultairdd for Intermediate

precision are found within the acceptance critefiambined Intermediate precision

results and Method precision results are meetptbscribed limit as per In-House

specification. Hence, it is concluded that the pssathod is capable to generate,

repeatable assay results for sildenafil citrate §elatin Capsules 50 mg in multiple

preparations of a unique batch, besides by a diffeainalyst
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LOD and LOQ:

The Limit of Detection (LOD) and Limit of Quantitah (LOQ) was
determined by injecting progressively low concetidres of the standard solutions
using the developed RP-HPLC method. The LOD isstimallest concentration of
the analyte that gives a measurable respdsigmal to noise ratio of 3). The
detection limit (LOD) was found to be 0.71ug/ml ®idenafil citrate respectively.
The LOQ is the smallest concentration of the anatiiat given a measurable
guantity ( singnal to noise ratio of 10). The quation limit (LOQ) was found to be

2.15 pg/ml for sildenafil citrate respectively.

Robustness:

The Robustness of the method was established cimtigg parameters like
wave length and flow rate. The changes in systeitalslity parameters were
within the limits which ensures that the method eleped can withstand slight
changes in the experimental conditions and prodesats with good reproducibility
and repeatability. Results were presented Tiable no: 7.7-7.8 and the

chromatogram were shown @hromatogram No. 8.47 — 8.57.
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Table No 7.7: System suitability results

Sildenafil Citrate Results
S.No. Parameter Name Theoretical Area
Tailing factor Plates (RSD)
01 Wavelength Plus (242 nm) 1.12 11346 0.113
02 Wavelength Minus (238 nm 1.12 11345 0.101
03 Flow rate Plus (1.2 mL) 1.12 10330 0.134
04 Flow rate Minus (0.8 mL) 1.13 12516 0.238
Acceptance criteria NMT 2.0 NLT 2000 | NMT 2.0%
Table No 7.8 : Robustness results
Sildenafil Citrate
S.No. Parameter Name Drug Drug Acgeptgnce
Obtained | Obtained criteria
in mg in %
01 Wavelength Plus (242 nm) 54.78 109.56 §
02 Wavelength Minus (238 nm 54.75 109.50 g
03 Flow rate Plus (1.2 mL) 54.14 108.28 §
04 Flow rate Minus (0.8 mL) 54.65 109.30 S

System suitability result passes in all the delbely changed methods and
the results obtained for all deliberately changeethmds are found within the
acceptance criteria. Combined deliberately changethods results and Method
precision results are well within the desirable itint is concluded that the

deliberately changed assay methods results are inemanaffected in small
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variations which confirmed that all the methods @reficient to estimate sildenafil

citrate Soft gelatin Capsules 50 mg.

Stability Study

Standard and sample solutions to be used in tiadytacal method are
scrutinized for their solution’s stability. Thisusly was performed by injecting

standard and sample solution for the period of @4

Stability Studies was carried out at 0, 3, 6,815%,18,21 hours and 24 hours
time lapse of solutions preparation. The %RSD flolesafil citrate standard were
found to be within the 0.059% and 0.120% and TheS®%Ror sildenafil citrate
sample were found to be within the 0.071% and 3%48vhich were with the
acceptance criteria of not more than 2%. The resofitstability were shown in
Table no: 7.9,7.10and chromatogram were shown@mromatogram No. 8.58 —

8.75.
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Table No 7.9: System suitability results and Cumulive % RSD results

obtained for Stability of standard solution

Result and Discussion

Standard Results obtained
S. Time )
N : Solution | cumulative | Tailing | Theoretical
0. point
area % RSD factor plate

01 d"hour | 240467922 NA 0.95 6903
02 3%hour | 240670302 0.059 0.95 6918
03 6" hour | 240602034 0.043 0.94 6940
04 d"hour | 240773026 0.053 0.98 6923
05 | 12"hour | 240744700 0.051 0.97 6929
06 | 18" hour| 240913809 0.064 0.96 6909
07 | 18"hour| 240411477 0.073 0.96 6889
08 | 2f'hour| 239949634 0.124 0.94 6929
09 | 24" hour| 24033048¢ 0.120 0.94 6938

Limit | NMT 2.0% | NMT 2.0 NLT 2000
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Table No 7.10: System suitability results and Cumalive % RSD results

obtained for Stability of sample solution

_ Sample Results obtained
S. Time _
No. boint Solution |~ iative | Tailing | Theoretical
area % RSD factor plate
01 d" hour 256661227 NA 0.95 6906
02 3% hour 256401938 0.071 0.97 6947
03 6" hour 256749674 0.070 0.97 6908
04 d" hour 257485261 0.181 0.94 6951
05 12" hour 260634009 0.680 0.96 6936
06 15" hour 261251360 0.839 0.97 6923
07 18" hour 262832813 1.020 0.97 6935
08 | 2f'hour | 264082144 1.181 0.96 6933
09 24" hour 267271980 1.483 0.95 6911
Limit | NMT 2.0% | NMT 2.0 | NLT 2000

System suitability result passes and the resufftmined for stability of
standard solution and sample solution are foundimihe acceptance criteria for the

minimum period of 24 hours study.
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10. SUMMARY AND CONCLUSION

A RP-HPLC method is developed and validated as@drguidelines for

sildenafil citrate soft gelatin capsule dosagenfor

This validation of statistical parameter is fouhdt the analytical procedure
for Sildenafil Citrate Soft gelatin Capsules 50 mgmeets system suitability
requirements and acceptance criteria for Spegjfitinearity, Precision, Accuracy,

Robustness, Ruggedness parameters and Solutialitystab

Considering all the fact the following parametersviénally fixed for this method

Equipment : High performance ligaltromatography(agilent 1260)
Mobile phase : Ammonium acetate :Acétde

Column :  waters reliant{g 15 cm x 4.6 mm, 5 um

Flow Rate : 1.0 mL/minute

Pump mode . Isocratic

Detector wavelength  : 240 nm

Injection volume : 20puL

Column Temperature : 25.0°C

The proposed method was found to be rapid, asupecise, specific,
robust, rugged and economical. The mobile phassingple to prepare and
economical. The sample recoveries in all formutetiavere in good agreement
with their respective label claims and they sugggsnon-interference of

formulation excipients in the estimation. This nogthis also having an advantage
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than reported method that the retention time ofdthegs is below 5 mins and the
drugs can be assayed with the short time. Thusngtéod is not time consuming

and can be used in laboratories for the routindyaisaof combination drugs.
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