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ABSTRACT

Four different stability indicating assay methods were developed and
validated for the determination of tadal &fil in the presence of itsdegradation
product. The first and second method was based on the derivative and
derivative ratio spectrophotometric technique using mixture of acetonitrile
and water (1:1) asasolvent. Inthethird method, we used TL C-densitometric
technique using high performance thin-layer chromatography plateswith a
developing system consisting of chloroform: acetone: ammonia(9:1:0.1, by
volume). Thefourth method was ahigh performanceliquid chromatography.
Separation of tadalafil from its degradate using C , column and a mobile
phase congisting of water: acetonitrile: methanolin theratio of (45:35:20) at
ambient temperature was achieved.

The developed methods were successfully applied to the analysis of
pharmaceutical formulations containing tadal afil with excellent recoveries.
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INTRODUCTION

Tadd&fil (TD), is(6R-trans)-6-(1,3-benzodioxol-
5-y)- 2,3,6,7,12,12a-hexahydro-2-methyl-pyrazino
[1',2":1,6] pyrido[3,4-b]indole-1,4-dione. (Figurel):
It is phosphodiesterase-5 inhibitors used for erectile
dysfunction.Tada &fil 1s61% eliminated mainly inthe
faeces, 36% eliminated in urine?. Theliterature has
analytical methods for quantitative estimation of
tadal&fil, in pharmaceutical formulationsby HPLC®
o, LCI"19, NMRY and Densitometric determina-
tion(t213,

The present work aimed to devel op feasible, sen-
gtiveand specificanaytical proceduresfor theanadyss
of tadalafil in presence of its degradation products.

Adaptation of the proposed procedurestotheanadysis
of theavailable dosage formswas a so an important
task in order to solve problemsencountered in quality
control and analysisof expired samples.

EXPERIMENTAL

Samples

- Tadddfil powder waskindlysupplied by Lilly Com-
pany, Egypt.

- Pharmaceuticd formulation Cidis® tablets(labeled
to contain 20 mg oftadd afil), manufactured by Lilly
De Caribelnc., Puerto Ricoindustrid Park, Caro-
lina, Puerto Rico.
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Figure1: Chemical structur e of tadal afil

Reagents

Thematerialsused were chloroform,ammonia, hy-
drochloric acid (Adwic), acetone (Sigma); Purified
water was prepared using aMillipore Milli-Q water
purification system, al wereof andytica grade. Aceto-
nitrile, methanol (Merck) all wereof HPLC grade, dll
Chemical were purchased from local market (Cairo,

Egypt).
Sandard solutions

Tadalafil standard and degradate solution
(250ugmL?) in acetonitrilewater mixture (1:1).

Apparatus

* A double beam UV-vis spectrophotometer
(SHIMADZU, Japan) Model UV-1601 PC con-
nected to IBM compatiblecomputer and HP 680
inkjet printer. The bundled software was UV PC
personal spectroscopy softwareversion 3.7. The
spectrabandwidth was 2 nm and wavel ength scan-
ning speed was 2800 nm min™,

* Pre-coated TLC-plates, silicagel 60F,, (20cmx
20cm, 0.2mm) Huka, (Switzerland).

« Camag TLC-scanner 3S/N 130319 withwinCATS
software.

» CamagLinomat 5auto sampler (Switzerland).

«  Camagmicrosyringe (100 uL) (Switzerland).

« Liquid chromatograph consistsof a“La-Chrom”
HPL Cinstrument (Hitachi-Merck) Germany, pump
model L-7110, connected with adetector model
L-7420.

The injector was a manual Rheodyne injector
(Modd 7161, Catati, Cdifornia, USA) equipped with
al0uL'injector loop and a100uL Hamilton syringe.
Theinstrument was connected to an IBM compatible
PC bundled with Merck- Hitachi Model D-7000 chro-
matography Data Station software HPL C septum man-

Hnalytical CHEMISTRY o

ager and an HP 800 inkjet printer.

A Lichrocart RP-18 column (250mmx4.6mmi.d.)
particlesize5 um (Merck, Germany) was used for the
andyss.

Procedures

Degradation of tadalafil.®

Accuratdy weighed amount of 25 mg tadd afilthen
10-mL of (0.8 N) hydrochloric acid was added, re-
fluxed for 3 hin 100-mL of acetonitrilewater mixture
(1:1). Duringreflux, small portionswere cooled and
spotted onaTLC plate. Spotting was repeated at 30
minintervalsto follow up timerequired for complete
degradation. Solution was cooled, spotted and then
deved oped using chloroform: acetone: anmonia(9:1:.0.1,
by volume) asadevel oping system.

Spectrophotometric methods

Spectral characteristicsof tadalafil and itsdegra-
dation product

Aliguot portions equivalent to (17.5pg mL™?)
tadalafil and its degradate were transferred into two
10-mL volumetric flasks from their stock solutions
(250pgmL*) and compl eted to volume with acetoni-
trilewater mixture (1:1). The zero order and thefirst
derivative spectraof the prepared solutionswerere-
corded.

Fourth derivativemethod

Accurately aiquots ranging from 10 to 70 pL
equivalentsto 2.5-17.5ugmLat 10 uL intervals of
tadalafil stock solution (250mg mL ™) weretransferred
into 10-mL volumetric flasksthen completeto volume
with acetonitrilewater mixture (1:1). The peak ampli-
tudes of the obtained fourth derivative spectrawere
measured at 285.7 nm (AA=4nm). A calibration curve
rel ating the peak amplitude of thefourth derivativecurve

Au Tudian Yournal
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Figure2: Massspectrum of tadalafil and it’s degradate
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Figure3: Schemedegradation of tadalafil

at 285.7nm to the corresponding concentrations of
tadal afil was constructed

Derivativeratiomethod

Different aliquots of tadalafilstock solution
(250ugmL* inacetonitrilewater mixture (1:1) ranging
from 10to 80 uL equivalents to 2.5 to 20 pgmL*at 10
pL intervals and 1.0 mL of the tadalafildegradate stock

solution (100ugmL in acetonitrilewater mixture(1:1)
weretransferred into 100-mL volumetric flasksthen
completed to volumewith acetonitrile water mixture
(1:1). The spectraof the prepared standard sol utions
were scanned from 200 to 400 nm and stored in the
computer. Thestored spectraof tadd afil weredivided
(amplitude at each wavelength) by the spectrum of 10
ug mL*standard tadd afil degradate.

Thefirst derivativeof theratio spectra(*DD) were
obtained at &4=4nm. Theamplitude of thefirst de-
rivative peak of (tadalafil and itsdegradate) was mea-
sured at 263.6 nm and used to cal cul ate the content of
tada afil. Cdibration graphwas constructed relating the
peak amplitude of ‘DD . . to the corresponding con-
centrationsof tada afil.

Densitometric method

Aliquot portions2.5—40uLequivalents to 0.62 to
10 ugspot™ at 2.5 pL intervals of tadalafil stock solution
(250ugmL?) in acetonitrilewater mixture (1:1) was
spotted on HPTLC platesusing aCamagA pplicator.
Plateswere devel oped by solvent system consisting of
chloroform: acetone: ammonia(9:1:0.1, by volume) at
room temperature. Plateswereleft to dry then the spots

e Analytical CHEMISTRY
A ndian ﬁomml
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Figure4: Absor ption spectrum of tadalafil 10ng mL™*(__ ) and itsdegradation product10ug mL*(——), using acetonitrile:

water mixtur easa solvent
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Figure5: Firg derivative spectraof tadalafil10 pg mL™ (—) and its degradation product 10pug mL™ (- - - -) using (acetonitrile;

water) (1: 1v/v) asasolvent

weredetected under UV-lamp (291 nm). A calibration
curve relating the area under the peak to the corre-
sponding concentrations of tadal afil was constructed
over arangeof 0.62to 10 pgspot™

Liquid chromatographic method
Linearity
Aliquot portions2.5—22.5 pgmL* at 2.5mL in-

tervalsof tadalafil stock solution (250pgmL*) were
transferred into aseries of 10-mL volumetric flasks.
Theflaskswere completed to volumewith acetonitrile
water mixture (1:1). Aliquots (10uL) of the prepared
solutionswereinjected into HPLC apparatus. The peak
areawas measured at 225 nm using a mobile phase
cong sting of water: acetonitrile: methanol intheratio of
(45:35:20) and aLichrocart RP-18 (250mmx4.6mm

Hnalytical CHEMISTRY o
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Figure6: Second derivative spectraof tadalafil10pg mL™ (—) and its degradation product 10 pg mL™ (- - - -) using (acetoni-

trile:water) (1: 1v/v) asa solvent

i.d.) column, particlesze (5um) at a flow rate 1.2 mLmin®
1 A calibration graph representing therel ative pesk area
of tadal&fil tothat of tadd afil externa standard (10pugmL
1), versusthe corresponding concentrations of tadal &fil
was constructed.

Analysis of laboratory prepared
mixtur escontaining different ratiosfrom tadal afil
and itsdegradation product

Fourth derivativeand derivativeratio method

Accuratdy diquot portionsequivalent to (2.5-17.50
ng mLY) of tadd &fil and tadal afil degradate of (17.50-
2.5 pg mL*) from their corresponding stock solutions
(250 ug mLtin acetonitrilewater mixture (1:1) were
transferred into aseriesof 10-ml volumetric flasksas
shownintable 1. Thevolumeswere completed with
acetonitrilewater mixture(1:1). Tada afil concentration
was cd culated asmentioned under (Section 5.2.2) sart-
ing from (The peak amplitudes of the obtained fourth
derivative........... ) for the fourth derivative and (Sec-
tion 5.2.3) starting from (The spectraof the prepared
standard solutions. . ...) for the derivative ratio method.

Densitometric method

Aliquot portionsequiva entto (0.62— 10ug spot™)
of tadal&fil and degradate of (10— 0.62 pg mL™*) from
their corresponding stock solutions (250ugmL™ in ac-
etonitrilewater mixture (1:1) weretransferredinto a
seriesof 10mL volumetric flasksasshownin TABLE
1. Aliquot portions 2.5 uL of the prepared mixtures were

spotted onaHPTLC plate and devel oped asmentioned
under (Section 5.3.1) starting from (Platesweredevel -
opedby............ ).

Liquid chromatographic method

Aliquot portionsequivaentto (2.5-22.5 pgmL?)
of tadal afil anddegradate of (22.5—2.5 pg mL*) from
their stock solutions (250pgmL* in acetonitrile water
mixture (1:1) weretransferred into aseriesof 10 mL
volumetricflasksasshownin TABLE 1.

Aliquot portions 25uL of the prepared mixtures
wereinjected into HPLC adopting the conditionsun-
der (Section 5.4.1) starting from (The peak areawas
measured................. ).

Analysisof tadalafil in pharmaceutical formula-
tion

The powder of 10 tablets, after unpacking, was
weighed. An amount of the powder equivalent to 25
mg tadal afil wasweighed into a100-mL volumetric
flask. A volumeof 50 mLacetonitrilewater mixture (1:1)
wasadded. Mixturewasstirred for 10 minusing avor-
tex thenfiltered through a20.45 pL membrane filterinto
a100 mL volumetric flask and compl eted to volume
with acetonitrilewater mixture(1:1).

RESULTSAND DISCUSSION

Degradation of tadal afil
Tadd afil isastabledrug, however, forced stability
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study under stressconditionsreved ed theinstability of
thedrugin presence of hydrogen peroxide (Figure 2).

Tadal afil issolublein acetonitrile water mixture
(1:2). Themol ecular weight of tadalafil degradatewas
confirmed by mass spectroscopy. It was noted that 3
hoursreflux usng0.8Nhydrochl oric acidwasenough for
complete degradation of tadal afil (Figure 3); thiswas
demonstrated by the use of thin layer
chromatography.Furthermore, compl eteshift of tadd &fil

UV-spectrumin acetonitrilewater mixture (1:1) takes
place(Figurel).

Derivativeand derivativer atio spectr ophotomet-
ricmethod

Derivative spectrophotometric method

Thezero, first, second and third order absorption
spectraof tadalafil and its degradation products (Fig-
ure4, 5, 6 and 7) respectively showed severe overlap

1079

Peak amplitude

s anma st

15000

Wave length
Figure7: Third derivativespectraof tadalafil10 pg mL™ (—) and its degradation product 10 pg mL™ (- - - -) using (acetonitrile
: water) (1: 1v/v) asa solvent

that prevented theuseof direct and derivativespectro-  mL*(__ ) anditsdegradation product10pug mL*(—

photometry for theanalysisof tadalafil in presenceof —), using acetonitrile: water mixture as a solvent.
But fourth derivative applied to resolvesuchamix-

itsdegradation products.
Figure (4): Absorption spectrum of tadalafil10ug  tureandto determinetheconcentration of taddafil, (Fig-
J (
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Figure 8 : Fourth derivative spectra of tadalafil10 pg mL™ (—) and its degradation product 10 pg mL™ (- - - -) using

(acetonitrile: water) (1: 1v/v) asasolvent
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ure8)

Thelinearity was checked between the peak am-
plitude at the selected wavel ength (285.7 nm) and the
corresponding concentrations of tadal afil. A linear re-
sponsewas obtai ned for concentration rangefrom 2.5
—17.5 pgmL*.Figure9.

Theregression equation wasfoundto be:

‘D, =0.0025X+ 0.0247r = 0.9997

Where X isthe concentration of tadal&fil in pg mL?,
(‘D ;) isthe amplitude of fourth derivative curve
(tadal&fil and itsdegradation) at 285.7 nmandr isthe
correlation coefficient.

Derivativeratio spectrophotometric method

The derivative ratio spectroscopy could be ap-
plied to resolve such amixture and to determine the
concentration of tadalafil. The zero order of the de-

1 -
0.9 -
0.8 -
0.7 A
0.6 -
0.5
0.4 -
0.3 -
0.2 -
0.1 -

0

Peak amplitude

—= Fyll] Peper

rivativeratio spectraof tadal&fil, (Figure 10), and the
first order of thederivativeratio spectraare presented
in (Figure 11). The concentration of the devisor was
aso studied.

It wasfound that upon dividing by the spectrum of
2.5 pg mL* degradation productsgavethe best results
intermsof sengtivity, repeatability and signalsto noise
ratio. The linearity was checked between the peak
amplitude at the selected wavelength (263.6nm) and
the corresponding concentrationsof tadd &fil. Figure 12.

A linear response was obtained for concentration
rangefrom 2.5-20 pgmL™.

Theregression equation wasfoundto be:
DD

s636—0-00445X~ 0.0184r = 0.9994

Where Xisthe concentration of tadalafil in ug mL?,
(‘DD ) is the amplitude of first derivative curve
(tadalafil andits degradate) at 263.6 nmand r isthe

y =0.0025x + 0.0247
r=0.9997

0
Concentration pg mL™!

10 15 20

Figure9: Linearity of the peak amplitude of theforth derivative curveat 285.71 nmto the corr esponding concentr ation of

tadalafil

43252

30000

A(tadalafil/deg. product)

Wave length
Figurel0: Zeroorder of ratio spectraof tadalafil 2.5,5, 7.5, 10, 12.5, 17.5and 20 ug mL™ using 2.5 ug mL™ of itsdegr adation
product asadivisor using (acetonitrile: water mixture) asa solvent

— a%a['yttaa[’ CHEMISTRY
A ndian ﬁoawﬂ/



358

Stability-indicating methods for determination of tadalafil in presence of its degradation product

ACAIJ, 14(9) 2014

Full Peper ——

1.000

0.000

dA(tadalafil/deg product)/di

252 00 e

Wave length
Figurel1l: First order of derivativeratio spectra of tadal &fil
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correlation coefficient.
Densitometric method

A densitometric method is described for the de-
termination of tadalafil inpresence of itsdegradate with-
out prior separation. Different solvent sysemsweretried
for the separation of tadd &fil from itsdegradation prod-
uct. Satisfactory resultswere obtained by using chloro-
form: acetone: ammonia(9:1:0.1, by volume) asade-
veloping system (R= 0.41, 0.62 fortadalafil and
degradate, respectively). The separation alows the
determination of tadalafil with no interferencefrom
itsdegradate (Figure. 13).

Thelinearity was confirmed by plotting the mea-
sured peak areaversusthe corresponding concentra-
tionat 291 nm over arangeof 0.62— 10ug spot* where
alinear responsewas obtained.Figure (14).

Theregression equation wasfoundto be:

10 15 20

Concentration pg ml™

A=1162.1X + 892.49, r = 0.9996

Where A is the integrated area under the peak for
tadal&fil, Xisthe concentrationin pg spot™ for tadal fil
andr istheregression coefficient.

Liquid chromatographic method

A simpleisocratic high-performanceliquid chro-
matographic method isdescribed for thedetermination
of tadalafil in presenceof itsdegradation product. Sys-
tem suitability parametersweretested by calculating
the capacity factor, tailing factor, the sel ectivity factor
and resolution. Best peak shape was obtained water:
acetonitrile methanol intheratio of (45:35:20) withre-

Hnalytical CHEMISTRY o

tention times of 4.7 + 0.03and 2.18 +0.03min for
tadalafil and itsdegradate, respectively (Figure. 15).

A linear response was obtained betweentherela
tive peak areaand the corresponding concentrations of
thetadalafil intherange of 2.5-25 pgmL™. There-
gression equationwasfoundto be: (Figure. 16).
A = 9.5542X + 0.0082r = 0.9998
WhereAis the relative area under the peak, X isthe
concentrationin ugmL™* andr istheregression coeffi-
cient.
Method validation

Thesdectivity and specificity of theproposed meth-

Au Tudian Yournal
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Figure13: Twodimensional TL C-Separation of tadalafil fromit’sdegradate
14000 -
y = 1162.1x + 892.49

r=0.9996
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Concentration pg spot
Figurel4: Linearity of theintegr ated peak ar eatothe corresponding concentr ation of tadalafil (ug spot?)

¢ N Column: RP 18

| Mobile phase water:  acctonitrile:
Lk | methanol, (45:35:20, by volume).
Injection volume: 10.00 L.

Flow rate: 1.20 mL min ™.

Trtmnmity  (mw)
=

m: q i . Detection: 225 nm.

Retention Tise (xin)
Figure15: HPL C chromatogram of tadalafil (10 pg mL*, R : 4.7 min) itsdegr adation product (10 pg mL*, R : 2.18 min)
using the specified chromatogr aphic conditions
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TABLE 1: Determination of tadalafil in labor atory prepared mixtur esby the proposed derivative, derivativeratio, denstom-

etry and HPL C method
Recovery for tadalafil by (%)
Drug Conc. . . e o , Densitometry
(ng mL?Y) % of Degradation 4" Derivative 1 Derivativeratio HPLC Conc. (ng spot”)  Recovery %
2.50 90 % 99.10 99.57 101.90 1.00 100.64
5.00 80 % 101.06 100.65 101.30 2.00 99.41
7.50 70 % 1014 99.88 100.76 3.00 99.97
10.00 60 % 100.52 101.59 99.97 4.00 100.27
12.50 50 % 99.30 101.97 101.75 5.00 100.37
15.00 40 % 100.34 99.26 100.21 6.00 101.76
17.50 30% 99.52 7.00 99.19
20.00 20% 99.49 8.00 101.93
22.50 10% 100.84
Mean 100.45 100.39 100.63 100.53
SD 1.130 0.904 0.902 0.968
TABLE 2: Determination of tadalafil in Cialis®tabletsby theproposed procedures
Cialis tablet ﬁ@ggi%ﬁfgg_fzg PDRe;':‘(’)ig";g/f‘tiosgﬂ‘Od Densitometric method  HPLC method
Dosegelorm BN 10089+ 0.888 10057 + 1.005 10059+ 0749 10046+ 0.910

@ Average of seven determinations

odswereverified by determination of tada &fil inlabo-
ratory prepared mixture contai ning different ratios of
thedrug anditsdegradation product. Theanalysiswas

vaid up to 90% of the degradation product for the (D), TABLE2.

(*DD) method, densitometry and liquid chromatogra-

phy, respectively (TABLE 1).

Hnalytical CHEMISTRY o
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To ascertain the accuracy of the proposed proce-
dures, they were successfully applied for the determi-
nation of tadalafil in Cialis*tablets as presented in

Thevadidity of the proposed procedureswasfur-

ther assessed by application of the standard addition
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technique. Thesmall relative standard deviationsindi-
catethat the methodswere accurate (TABLE 3).

The precision of the suggested methodswasalso
expressed intermsof relative standard deviation of the
inter-day and intra-day analysis. Theindividua meth-

—— Fuyl] Paper

ods were also checked for its robustness by minor
changesin assay conditions, the methods proved ro-
bust. The obtained assay parametersand avalidation
sheet arepresented in (TABLE 4).
Theresultsobtained by the proposed methodsfor

TABLE 3: Resultsof application of standar d addition tothedeter mination of tadalafil in Cialis®tabletsby the proposed

methods
o . Pure added th s
gt?lllef takeil?;gergL?l) (”gmL?l). derié\llative Deriva'}ive ratio DenSto-metry HPLC
except densito.
2.50 100.44 100.43 (0.62) 99.76 101.55
5.00 99.74 100.37 (1.25) 101.34 100.37
7.50 99.80 101.19 (2.50) 100.46 100.14
Dosage form 10.00 101.60 101.28 (3.75) 100.24 101.91
BN: 2.50 12.50 100.43 99.97 (5.00) 99.91 99.58
ATI9729 15.00 101.04 100.31 (6.25) 101.18 99.43
17.50 (7.50) 101.06 101.27
20.00 99.75
22.50 100.63
Mean + S.D. 100.53+0.715 100.46+0.669 100.56+0.634 100.51+ 0.894
TABLE 4: Assay parameter sand validation sheet
Parameter 4"Derivative 1% Derivativeratio Densitometric method HPL C method
method method
n 7 7 8 10
Range (ugmL™) 2.50-17.50 7.50-20.00 0.62 - 10.00 2.50- 25.00
Slope 0.0025 0.0445 1162.1 9.5542
Intercept 0.0247 -0.0184 892.49 0.0082
Mean 100.52 100.59 100.45 100.47
S.D. 1.045 0.89 0.726 0.676
Variance 1.022 0.943 0.852 0.822
Coefficient of variation 1.039 0.884 0.722 0.672
Correlation Coefficient (r) 0.9997 0.9997 0.9996 0.9998
RSD (%)* 1.025 0.829 0.726 0.725
RSD (%)° 1.029 0.836 0.732 0.728

TABLE5: Satigtical comparison for theresultsobtained by the proposed methodsand the compendiamethod for theanalyss

of tadalafil in bulk powder

4" razlh\/g;'ve I Der”']\gﬂc\)/g ratio Densitometry HPLC Compendia method®?
Mean 100.52 100.57 100.52 100.47 101.40
S.D. 1.045 0.827 0.726 0.717 1.64
Variance 1.022 0.683 0.527 0.514 1.28
N 7 7 8 10 5
F-test 1.252 (6.16)* 1.357 (6.16)* 1502 (6.09* 1577 (6.00)*
Student’s t-test 1417 (2.228)  1.332(2.228) 1539 (2201)* 1.730 (2.160)*

*The figures in parenthesis are the corresponding tabulated values atP = 0.05 (Remington)
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determination of tadal&fil in bulk powder were statisti-
cally compared with those obtained by applying the
compendia method*¥, andit revea ed insignificant dif-
ference(TABLED5).

ABBREVIATION

D - First derivative.

D - Second derivative.

D - Third derivative.

‘D - Forth derivative.

DD - First derivativeratio.

HPLC - High performanceliquid chromatography.

HPTLC - Highperformancethinlayer chromatog-
raphy.

TD - Tedalefil.

TLC - Thinlayer chromatography.

CONCLUSION

The proposed procedures are simple, sensitive,
selectiveand stability indicating. The methods can be
used for theroutineanaysisof tadalafil either in bulk
powder or inpharmaceutical dosageforms. The pro-
posed methods can be applied in laboratorieslacking
sophisticated instruments such as GC-MS or LC-MS.
The suggested methods can be simply applied to ki-
netic studiesand accel erated stability experimentsto
predict expiry datesof pharmaceuticals.
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