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ABSTRACT

KEYWORDS

A simple, selective, linear, precise and accurate RP-HPL C method was de-
veloped and validated for assay of Tadalafil in bulk and in tablet dosage
forms. Isocratic elution at a flow rate of 0.9 ml/ min was employed on a
Phenomenax Luna C,; column (150x4.6 mm; 5u) at ambient temperature.
The mobile phase consisted of acetonitrile and water (50:50% v/v). The
detection wavelength was 295nm and 25ul of sample was injected.
Lamotrigine was used as an internal standard (1S). The retention times for
TDFand ISwere4.12 and 2.29 min, respectively. The method obeys Beer’s
law in the concentration range of 1-5ug/ml. The method was successfully
applied to commercial pharmaceuticals and validated as per standard ana-
Iytical procedures. The proposed method could be applicable for routine
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analysis of TDFin bulk and in formulations.
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INTRODUCTION

Tadalafil (TDF)*®lisaselective, reversiblein-
hibitor of cyclic guanosine monophosphate (cGMP)
specific phosphodiesterase type 5 (PDES). It isthe
drug mainly used for erectile dysfunction. The struc-
ture of TDF showsit possesses a hydrophaobic moi-
ety. When sexua stimulation causesthelocal release
of nitric oxide, inhibition of PDES by TDF produces
increased level sof cGMPin the corpous cavernosum.
Thisresultsin smooth muscle rel axation and inflow
of blood into the peniletissues, there by producing
an erection.

Hitherto therearefew anaytical methodsreported
for estimation of TDF. Thedetermination of TDFin

small volumesof plasmaby HPLC with UV detection
was described. Quantitation of TDFin human plasma
was reported by HPL C-tandem mass spectrometry
with dectrospray ionisation®. Sildendfil, verdenafil and
TDF weredetermined smultaneoudy by HPLC-EIMS
in human plasmaand urin€®. Thesemethodsare com-
plicated, costly, time consuming rather thanasimple
HPLC with UV detection. So it isunsuitable to use
these highly sensitive methodsfor theroutine quantita-
tiveassay of TDFin bulk and in tabletswherethe con-
tent of active pharmaceutical ingredientishighinthe
formulation.

Theaim of the present work wasto develop and
vaidateasimple, fast and reliableisocratic RP-HPLC
method with UV detection for thedetermination of TDF
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inbulk andin tablet dosageforms. Theimportant fea-
tures and novelty of the proposed method included
smplesampletreatment with sonication of smal amount
of powder sample at ambient temperature, short elu-
tion time(lessthan 5 min) with 1ISeluted prior to TDF,
short analysistime(lessthan 30 min); good precision
(R.S.D. lessthan 2%) and high recovery(greater than
95%). Confirmation of the applicability of the devel-
oped method validated according to the International
Conference on Harmonization (ICH), to determination
of TDFinbulk andintablet dosageform hasbeen dso
performed.

EXPERIMENTAL

Chemicalsand reagents

HPL C grade acetonitrile and water was purchased
from Qualigens fine chemicals (Mumbai, India).
Tadalafil standard sample (Figure 1) was provided by
Aurobindo PharmaLimited (Hyderabad, India). The
internd standard, Lamotrigene (Figure 1) wasobtained
from Jubilant PharmaLimited (Mumbai, India). Forzest
and Tazzle commercia formulationssel ected and they
bel ong to Ranbaxy LaboratoriesLimited (New Delhi,
India) and Dr.Reddy’s Laboratories (Hyderabad, In-
dia), respectively. All of thecommercial sampleswere
supplied astablet dosage forms containing 20mg of
TDFfor oral administration. Themolecular weightis
389.40for TDF.

I nstrumentation and analytical conditions

The HPL C system (Shimadzu, Japan) consisted of
apump (LC-10ATV Pseries pump) equipped with a
Rheodynemodd 7161 injectionvavewitha20ul loop
(Rheodynelnc., Cotati, CA, USA), anUV-visiblede-
tector (SPD 10AVP) set at 295nm. Theanalytica col-
umn, aPhenomenax LunaC  (150mmx4.6mmi.d.,
5u particlesize) was operated at ambient temperature
(20+1°C). Isocratic elution with acetonitrile: water
(50:50% v/v) was used at aflow rate of 0.9ml/ min.
Themobile phase was prepared freshly and degassed
by sonicating for 5 min before use (Soltec, Soluzioni
tecnologiche, Luglio, Italy). The UV spectrumof TDF
for selecting theworking wavelength of detectionwas
taken using a Shimadzu UV-1700, UV-Visible spec-
trophotometer (Shimadzu, Kyoto, Japan).
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Figure 1 : Chemical structures of (a): Tadalafil and (b):
Lamotrigine

Sock and working standard solutions

Standard stock solution of 500ug/ml of TDF was
prepared freshly by accurately weighing 25mgof TDF
into 50ml volumetric flask. Dissolved and made up to
thevolumewith mobile phase. Thesolution wasdiluted
by pipetting 2.0ml into 100ml volumetricflask to obtain
10ug/ml solution. Thesolution wasfurther diluted with
mobile phasein 10ml volumetric flask to obtain five
working standardsin the concentrationrangeof 1,2,3,4
and 5ug/ml of TDF covering 33.33-166.65% of the
intended test concentration of 3ug/ml for the pharma
ceutical formulation. Thecalibration standardswere
added with 3.0 ml of freshly prepared 10ug/ml solution
of lamotrigeneasan interna standard (find concentra-
tion, 3ug/ml) and made up to volumewith mobile phase.
All the solutionswere prepared intriplicates. Before
being subjected to analysis, al theworking standard
solutionswerefiltered through 13 mm membrane sy-
ringefilter (Poresize0.2um).

Beforeinjecting solutions, the column was equili-
brated for at |east 30 minwith themobile phaseflowing
through the system. The calibration curvewas plotted
with thefive concentrations of the 1-5ug/ml working
standard sol utions. So chromatography was repeated
thricefor each dilution. Cdibration solutionswere pre-
pared daily and analyzed immediately after prepara-
tion.

Assay samplepreparation

The contents of twenty commercia tablets (labeled
concentration 20mg of TDF) were eachweighed and
their mean masswasdetermined. After grinding thetab-
letsinto afine powder in aglassmortar, an accurately
weighed quantity of the tablet powder equivaent to
25mg of TDFwas quantitatively transferred into a50
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ml volumetric flask with about 45ml of mobile phase.
The solution was sonicated for 10 min, brought to the
volume with mobile phase, mixed well and filtered
through 13 mm membrane syringe filter (pore size
0.2um). A 2.0ml filtered test solution wastransferred
into 100 ml volumetric flask and made upto thevolume
with mobile phase (10ug/ ml). A 3.0ml aliquot was
trandferredintoal0ml volumetricflask, 3.0ml of a10ug/
ml solution of ISwas added and diluted to volumeus-
ing mobilephase. Thetheoretical TDF concentration
after dilution was 3ug/ml (100% of TDF). Anadiquot
of thissolutionwasfiltered through a1l3 mm membrane
syringefilter (poresize 0.2um) prior to theinjection
into the HPL C system. Peak arearatiosof TDF to that
of ISwerethen measured for the determinations.

Validation procedure

The objective of method validation isto demon-
strate that the method is suitablefor itsintended pur-
poseasitisstated in ICH guidelines™. The method
wasvalidated for linearity, precision (repeatability and
intermediate precison), accuracy, specificity, short term
sability and system suitability.

Standard plotswere constructed with five concen-
trationsintherangeof 1-5ug/ml preparedintriplicates
totest linearity. Theratio of peak areasignal of TDFto
that of ISwas plotted agai nst the corresponding con-
centration to obtain the cdibration graph. Thelinearity
was evaluated by linear regression analysisthat was
calculated by theleast square regression method.

The precision of the assay was studi ed with respect
to both repeatability and intermediate precision. Re-
peatability was ca culated from six replicateinjections
of freshly prepared TDF test sol utionin the same equip-
ment at aconcentration of 100% (3ug/ml) of thein-
tended test concentration value on thesameday. The
experiment was repeated by assaying freshly prepared
solution at the same concentration additionally on two
consecutive daysto determineintermediate precision.
Peak arearatiosof TDFtothat of ISwere determined
and precision wasreported as%R.S.D.

Method accuracy wastested (% recovery and %
R.S.D. of individual measurements) by analyzing
samplesof TDF at threedifferent levels (10, 30 and
50%) in pure solutionsusing three preparationsfor each
level. Theresultswere expressed asthe percentage of
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TDF recoveredinthesamples.

Specificity was assayed by comparing the chro-
matograms obtai ned from sample of pharmaceutical
preparation and standard sol ution with those obtained
from excipientswhich take partinthecommercia tab-
letsand verifying the absence of interferences. Sample
solution short term stability wastested at ambient tem-
perature (20+1°C) for threedays. In order to confirm
the stability of both standard solutionsat 100% level
and tabl et sampl e solutions, both solutions protected
fromlight werereinjected after 24 and 48 hrsat ambi-
ent temperature and compared with freshly prepared
solutions,

A systemsuitability test was performed by six rep-
licateinjectionsof the standard solution at aconcentra:
tion of 3ug/ ml verifying IS/ TDF resolution >2; %
R.S.D. of peak arearatiosof TDFtothat of IS+ 2; %
R.S.D. of each peak retention time+ 2%.

RESULTSAND DISCUSSION

Screening and optimization
Selection of the detection wavelength

Theoverlain UV spectraof TDFand ISin 50:50
% v/v mixture of ACN and water, in the region be-
tween 200 and 400nm, areshowninfigure 1. It shows
that at 295nm, both TDF and IS have marked absor-
bance. Hencethiswas sdl ected asan optimum detec-
tion wavelength for the quantification of TDF.

Optimization of thechromatogr aphic conditions

Proper selection of the stationary phase depends
upon the nature of the sample, molecular weight and
solubility. Thedrug TDFisnon polar. Non polar com-
pounds preferably analyzed by reverse phase columns.
Among C, and C,, C, column was selected. Non
polar compound isvery attractivewith reverse phase
columns. So thed ution of the compound from the col-
umn wasinfluenced by polar mobile phase. Mixture of
Acetonitrileand water was selected asmobile phase
and the effect of composition of mobilephase onthe
retentiontimeof TDFwasthoroughly investigated. The
concentration of acetonitrile (40-60% v/v) and water
(40-50% v/v) were optimized to give symmetric peak
with short runtime. A short runtime and the stability of
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Figure2: Typical chromatogramsobtained fromtheanalysisof (a): TDF standar d solution (3ug/ml) and (b): TDF extracted
from tablets (3ug/ml )containing 3ug/ml of IS. Retention timesof |Sand TDF were 2.29 and 4.12 min, respectively. The

chromatographic conditionswer easdescribed in section 2

TABLE 1: Satistical analysis of calibration curvesin the
HPL C determination of tadalafil (n = 6)

Validation parameters Values
Concentration range (ug/ mi) 1-5
Number of concentration range 5
Regression equation Y =0.3254x+0.3340
Slope(b) 0.3254
Standard deviation on slope (Sp) 0.00896
Intercept (a) 0.3340
Standard deviation on intercept 0.0213
Determination coefficient 0.9999
Residual sum of square 0.0001050
F-value 30186.50

peak asymmetry were observed intheratio of 50:50%
v/v of acetonitrileand methanal. It wasfound to bethe
optimum mobile phase concentration.

Choiceof internal sandard

Severa substances were tested asinterna stan-
dards. Among these, lamotrigine has been chosen as
themost appropriatein the present analysis becauseit
isstable. Inthe present study, it did not interferewith
the matrix of pharmaceutical samplesandit waswell
separated from TDF. Moreover, asignificant advan-
tage of thisISwasitsdutiontimethat was shorter than
that of TDF resultingin short runtime, lessthan5min.
A typica chromatogram of TDF and ISusing the pro-
posed method is shown in figure 2. Sharp and sym-
metrical peak wasobtained with good basdinefor each
compound, thusfacilitating the accurate measurements
of peek area. Theaverageretentiontimesfor TDF and
ISwerefoundtobe4.11+ 0.03 and 2.27 £ 0.02 min,
respectively. Under the described parameters, there-
spective compoundswereclearly separated and their

TABLE 2: Accuracy study for tadalafil
% RSD

Concentration M ean recovery

range(ug/ ml)  EForzeq Tazzle Forzest Tazzle
0.3 100.34 98.70 0.9616 0.9146
0.6 99.18 100.85 0.9036 1.0349
1.2 100.84 99.74 1.0660 0.9673

corresponding peakswere sharply devel oped at rea
sonableretentiontimes.
Validation of methods
Linearity

Five points calibration graphs were constructed
covering aconcentration range 1-5ug/ml (see section
2.3). Three independent determinations were per-
formed at each concentration. Linear rel ationships
between theratio of peak areasignal of TDFto that
of IS versusthe corresponding drug concentration
were observed, as shown by theresults presented in
TABLE 1. The standard deviations of the slopeand
intercept werelow. The determination coefficient (r?)
exceeded 0.999. To determine whether the experi-
mental intercept (a) of the regression equation was
not significantly different from thetheoretical zero
value, confidenceinterval (99%) and student’s t-test
were performed. It concernsthe comparison of t =a/
s, Whereaistheintercept of the regression equation
and s, isthe standard deviation of a, with tabulated
dataof thet-distribution. Asthecalculated t value (t =
1.4350) does not exceed to (0.001, 14) = 4.140, the
intercept of regression equationisnot significantly dif-
ferent from O (point estimation). By using 99% confi-
dence interval, the value lies between 0.0273-
0.0452.Thisshowsthat theintercept will fall onthis
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TABLE 3: System suitability study

Values*
Parameters TDE IS
Retention time 4,12 2.29
Arearatio TDF/IS 0.979 0.979
Capacity factor 1.90 0.61
Asymmetrical factor 1.27 1.52
Tailing factor 1.18 1.38
Number of theoretical plates 7780 4879
HETP 0.019 0.031
Resolution Between TDF and 1S 4.55

*M ean of 10 observations

range and the distance from zero isvery short (Inter-
val estimation).
Precision

Therepeatability study (n=6) carried out showed a
R.S.D. of 1.340%for the peak arearatio of TDF of IS
obtai ned, thus showing that the equipment used for the
study worked correctly for the developed analytical
method and being highly repetitive. For theintermedi-
ate precision astudy carried out by the same analyst
working on 3 consecutive days (n = 3) indicated a
R.S.D. of 0.744 and 1.126%. Both values were far
below 2%, the limit percentage set for the precision
and indicated agood method precision.

Accuracy

Thedatafor accuracy were expressed in terms of
percentagerecoveriesof TDFinthered samples. These
resultsare summarized in TABLE 2. The mean recov-
ery dataof TDFinred samplewerewithintherange of
99.18 and 100.84% for Forzest and 98.70 and 100.85
for Tazzle. Mean% R.S.D. was 1.348% and 0.880%,
satisfying the acceptancecriteriafor the study.
Specificity

The HPLC chromatogram recorded for the mix-
ture of thedrug excipientsrevea ed no peak withina
retention timerange of 5 min. Theresults showed
that the devel oped method was specific as none of

the excipientsinterfered with the anal ytes of interest
(Figure2).

Sability
Thestability of TDFin standard and sample solu-
tionscontaining IS determined by storing the solutions
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TABLE 4: Resultsobtained for deter mination of tadalafil in
tazzleand for zest

TDF
(Theoretical

TDF
(Determined

* 0, 0,

Sample valuey* valuey* Recovery*%  R.SD.%
(mg/tab) (mg/tab)

Forzest 20 19.85 99.27 1.253

Tazzle 20 19.84 99.21 1.340

* Average of six determinations

at ambient temperature (20+1°C) protected fromlight.
The solutionswere checked intriplicate after 3 succes-
sivedays of storage and the datawere compared with
freshly prepared samples. In each case, it could be no-
ticed that solutionswere stablefor 48 hrs, asduringthis
timetheresultsdid not decrease below 97%. Thisde-
notesthat TDF isstablein standard and sample solu-
tionsfor at least 2 days at ambient temperature, pro-
tected fromlight and iscompatiblewith IS,

System suitability

Theresolution factor between1Sand TDF, inthe
devel oped method, was above 2. The % R.S.D. of
peak arearatios of TDF to that of 1S and retention
timesfor both drug and ISwerewithin 2% indicating
thesuitability of thesystem (TABLE 3). Theseresults
indicatetheapplicability of thismethod to routinewith
no problems, itssuitability being proved. The system
suitability parameter like capacity factor, asymmetric
factor, tailingfactor, HETPand number of theoretical
platesaso calculated. It was observed that al theval-
uesarewithinthelimits. Thegatistical evaluation of the
proposed method revea editsgood linearity, reproduc-
ibility anditsvaidation for different parametersand let
ustothe conclusion that it could beused for therapid
andreliabledetermination of TDF intablet formulation.

Assay of tablets

Thevaidated method was applied for the assay of
two commercid tabletscontaining20mg of TDF: Tazzle
and forzest. Each samplewasandyzedintriplicate af-
ter extracting the drug as mentioned in assay sample
preparation of the experimental section (section 2.4)
andinjectionswere carried out in triplicate Figure2.
showsaHPLC chromatogram of TDF in pharmaceuti-
cd tablets. Noneof thetabl et ingredientsinterfered with
the analyte peak. Theresults presented in TABLE 4
arein good agreement with thelabeled content. Assay
results, expressed asthe percentage of label clam, were
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found to be 99.21+1.340 for Forzest; 99.27+1.253
for Tazzle showing that the content of TDF in tabl et
formul ations confirmed to the content requirements (95-
105%) of thelabel claim. Low vaues of standard de-
viation denoted very good reproduci bility of the mea-
surement. Theabove resultsdemonstrated that the de-
vel oped method achieved rapid and accurate determi-
nation of TDF and could be used for the determination
of TDF drug substance and pharmaceutica formula-
tions.

CONCLUSION

A vdidatedisocratic HPLC-UV method hasbeen
devel oped for thedetermination of TDFin dosageforms
Forzest and Tazzle. The proposed methodissimple,
rapid, accurate, precise, and specific. Its chromato-
graphicruntimeof 5minalowstheanayssof alarge
number of samplesinashort period of time. Therefore,
itissuitablefor theroutineanaysisof TDF inpharma:
ceutica dosageforms. Thesmplicity of themethod a-
lowsfor application in laboratoriesthat lack sophisti-
cated andyticad instrumentssuch asLC-M Sthat iscom-
plicated, costly and timeconsuming rather thanasmple
HPLC-UV method. Hencethe proposed method could
beuseful for thenationa qudity control laboratoriesin
devel oping countries.
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