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ABSTRACT

lon—associate complexes of sildenafil;(Sd), tadalafil;(Td) and vardenafil;(Vd)
hydrochlorides with iodomercurate(l1),[Hgl,] and iodo-bismuthate(l11),
[Bil, ]** were precipitated and the excess unreacted mercury or bismuth
complex was determined. A new method using atomic emission and atomic
absorption spectrometry for the determination of the above drugs in pure
solutions and in pharmaceutical preparations is given. The drugs can be
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determined by the affort method in theranges 0.948 - 56.88, 0.998 - 59.88 and
0.976-—58.56 ng. mL* solutionsof Sd, Td and VVd, respectively.
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INTRODUCTION

Now, Theoral pharmacotherapy used for thetreat-
ment of the numerous number of patientswho suffer
from erectile dysfunction isrepresented by phosphodi-
edterasetype5 (PDED) inhibitors, of whichthreedrugs
arecurrently used al over theworld. Sildenafil thefirst
drug was approved in 1998. Recently, tadalafil and
vardenafil wereintroduced through 2003 and 2004,
respectively. Vardenafil isapotent and sel ectiveinhibi-
tor of PDE5!*2.

Sildendfil, tadd &fil and vardenafil arevery impor-
tant pharmaceutical compounds. Therefore, wefound
itimportant to prepare new ion-associates containing
these drugs and to study and elucidate the chemical
structures. Also thework present anew rapid method
for the determination of these drugsafter transforma-
tionintotheion-associates.

Sildendfil citrate (Sd cit);viagraisapotent and se-

lectiveinhibitor of cyclic guanosine monophosphate
(cGM P)-specific phosphodiesterase type 5 (PDES).

Theactivity of Sddtfor thetrestment of maeerectile
dysfunction has been reported by several authorg®®l.
Thisdrug should be administrated under instruction of
doctors becauseits over dose might cause aseries of
Sde-effectg®19,

Sd citischemically known as. 1-[4-ethoxy-3-(6,7-
dihydro-1-methyl-7-oxo-3-propyl - 1H-pyrazolo-[ 4,3
d] pyrimidin-5-yl)phenyl sulphonyl]-4-methylpiperazine
citrate.

Tadal afil isaselective phosphodiesterase type 5
inhibitor, whichisused totreat mild to severeED in
man. Drugtestingisanintegral part of pharmaceutical
anaysisand routinequaity control monitoring of drug
rel ease characterigtics.

Td is chemically known as pyrazino
[1',2":1,6]pyrido[ 3,4-b]indole-1,4-dione,6-(1,3-
benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-me-
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thyl-,(6R-trans)-(6R-,12aR)-2,3,6,7,12,12a-
hexahydro-2-methyl-6-[ 3,4-(methylenedioxy)phenyl]-
pyrazino[1',2":1,6]pyrido[ 3,4-b]indole-1,4-dione.

Vdischemically knownas: 1-[[ 3-(1,4-dihydro-5-
methyl-4-oxo-7-propylimidazo[5,1-f][ 1,2,4] triazin-2-
yl)-4-ethoxyphenyl]sulfo-nyl]-4-ethyl-
,monohydrochloride.

Studiesinmenwith erectiledysfunction haveshown
that singledosesof vardenafil 10 - 40 mgwererapidly
absorbed following ord administration, with maximum
plasmaconcentration reached in some menwithin 15
minutes**3, Information fromthe patient diariesindi-
cated that vardenafil increased therate of successful
intercourse compared with placebo, most patientsre-
ceiving vardendfil indicated that their erectionshasim-
proved after 12 weeksof trestment(®®. Clinical studies
have demonstrated that Vdisawell-tol erated, effec-
tiveand reliabletreatment of ED and representsavalu-
ablenew thergpy optionfor menwith ED and their part-
nersand many patientswere returned to norma erec-
tilefunction after treatment with vardenafil™.

Thereisno officid method for the determination of
Sdcitinitsformulations. Variousreports have been
described for the determination of Sd cit, thoseareac-
curate spectrochemical, chromatographic and elec-
troanalytical methodg>*". Most of these mehods are
expensve, required careful control of conditions, suffer
from lack of sdlectivity and time consumingf162021293536],

To the best of our knowledge no report has been
published ontheanaysisof tada &fil in pharmaceutica
preparations.

Thedetermination of tada fil in pharmaceuticd for-
mul ati ons has been achieved by high-performancelig-
uid chromatography (HPL C)3-38 and capillary el ec-
trophoresiswith UV detection®*, Two liquid chro-
matography—electrospray ionization mass spectrometry
methodswere used for thes multaneous determination
of undeclared PDES inhibitors, Sl denafil, vardenafil and
tada &fil, in dietary supplementg®4144, Asthe concen-
trationsof tadal &fil prepared for anays sfrom pharma-
ceutica preparationsand dietary supplementsaremuch
higher than thosein plasma, thesereported methodsin
generd cannot beused directly tomeasureplasmalevels
of tadd &fil, dueto inadequate sensitivity or interference
by endogenous componentsin plasma. Recently, an
HPL C coupled with el ectrospray ionization tandem
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mass spectrometry (LC-MS/MS) method was devel-
oped and validated for the determination of tada &fil in
250 pl of plasmal®. Another LC-MS/MS method,
without givenfull validation details, wasa so reported
to measure plasmalevelsof tadaafil inadrug-drug in-
teraction study®l. Although these methods offer high-
throughput analysis, they arenot readily accessiblebe-
causeof theuseof rdativeexpendvetandem massspec-
trometry.

Alsothereisno officia method for thedetermina
tion of Vdinitsformulations. Few reports have been
described for thedetermination of Vd, thoseare HPLC-
M S8, HPL C-coupled with liquid-liquid extraction(*d,
HPL C-with diode array detec-tion'*", el ectrokinetic
capillary chromatographyi“? and el ectro-chemical .
Since, most of these mehods are expensive, required
careful control of conditions, suffer from time-consum-
ing extraction procedures*>#¥, The use of simpler,
faster, lessexpensveand sensitive method isdesirable.

Although, Direct Coupled Plasma-Atomic Emis-
sion Spectrometry (DCP-AES) and Atomic Absorp-
tion Spectrometry (AAS) arerapid methodsand have
avery low detection limitswhich can not bereached by
most of other methods. The present sudy includesnew
DCP-AES and AA Smethodsfor thedetermination of
theinvestigated drugs. Themethodisbased onthepre-
cipitating theion-associatesformed asaresult of the
combination of these drugswith an excessof [Hgl ] 2
and[Bil ] *. Theequilibrium concentration of themeta
ion present asthe solubleinorganic complex ioninthe
Supernatant solutionwasdetermined usng alomicemis-
sion and absorption.

EXPERIMENTAL

Reagent and materials

Doubly-digtilled water and anaytical gradereagents
wereused inthe preparation of al solutions. Sildendfil
citrate (AsiaCompany for Pharmaceuticals, Sorya),
Cavertatablets, containing 100 mg Sd cit per tablet
were obtained from (Ranbaxy Laboratories, India),
Vegatablets, containing 50 mg Sd cit per tablet were
obtained from (Asia Company for
Pharmaceutica s, Sorya) and Edegratabl ets, containing
50 mg Sd cit per tablet were obtained from (Sun Phar-
meaceuticasindudtriesLtd.). Tedd &fil wasobtained from
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Eli Lilly and Company, USA. Cidis® tablet (containing
20 mg of tadalafil), manufactured by Eli Lilly and
Company, USA, was purchased from local market.
Vardenafil hydrochloride (Bayer Company, Lever-
kusen,Germany ;www.bayer.com), Levitratablets, con-
taining 10 mg VVd per tabl et were obtained from local
pharmacy. Mercury(ll) iodide, potassiumiodide and
mercury atomic absorption standard solution 1000 ig
mL* of Hg in 10 % HNO, were from Aldrich
(www.sigmaaldrich.com).

Apparatus

The pH of the solutions was measured using an
Orion ResearchModel 701A digital pH-meter. Direct
coupled plasmaatomi c emission measurementswere
carried out using aBeckman spectraspan |1 emission
spectrometer and atomic absorption measurements
were made on Hitachi atomic absorption Z-6100 po-
larized Zeeman spectrometer. Conductimetric messure-
mentswere carried out using conductivity measuring
bridgetypeM.C.3model EBB/10 (K =1); [Chertsey,
Surry, England]. The IR absorption spectrawere ob-
tained by applyingthe KBr disk techniqueusingaPY E
UNICAM SP-300 infrared spectrometer.

Preparation of thestandar d solutions

The standard solution of Bi(lll) wasprepared by
dissolving 1.0 g of bismuth metd inaminimumvolume
of (1+1) HNO,. Diluteto 1-liter with 2% (v/v) HNO,.
The 1000 ng mL* Bi solutionswas stored inaplastic
bottlewhich had been presoaked indilute HNO,. The
solution was stablefor approximately oneyear.

Emission and absor ption measurements

UsingAESthebismuthwasmeasured at wave ength
306.8 nm, order 87, plasmaposition 0.0, detection limit
0.003 ugmL2, linear dynamic ranges0.03-100 pgmL-
1 background equiva ent concen-tration 0.1 mg, entrance
dits50 x 300 um and exit slits 100 x 300 um. Using
AAS the Hg (I) was measured at wavelength 253.7
nm, dit 0.7 nm, relativenoise4.2, detectionlimit 0.28 ug
mL2, linear dynamicrange0.01-100 ugmL*, lamb cur-
rent 5mA, andintegration time 3s, theflame used was
the acetylene-air mixture. The instruments were equally
adequatefor present purposes and wereused according
to availability. Theatomic spectrometry wascaibrated
asintheprevioudy reported work54,

—= Fyll Paper
Determination of solubility of theion —associates

The solid ion-associate was added in excessto a
solution of theoptimum pH andionic strength. Theso-
lution was shaken for 4-6 h and | eft to stand for aweak
to attain equilibrium. Then the saturated solution was
filtered into adry-beaker (rg ecting thefirst few ml of
filtrate). Theequilibrium concentration of themetd ion
present intheform of asolubleinorganic complex was
measured using atomic spectrometry. Hencethe solu-
bility (S) of the preci pitate was evaluated, from which
the solubility product of theion-associ ate was cal cu-
lated.

Conductometric measur ements

Thestoichiometry of theion-associateswas e uci-
dated al so by conductometric titrationg®? of the drugs
with[Bil ]* or [Hgl ] % solutions.

Analytical determination of thedrugsin aqueous
solutions

Aliquots (0.05 - 3.0 mL) of 0.001 mol L-* drug
solutionswerequantitatively transferred to 25 mL volu-
metric flasks. To each flask 1.0 mL of 0.01 mol L*
standard solution of [Bil ] or [Hgl ] was added and
thevolumewas coTdleted to the mark with the aque-
oussolutionsof theoptimum pH andionic strength (pre-
pared from HCl and NaOH). The solutionswereshaken
well and | eft to stand for 15 min then filtered through
Whatman P/S paper (12.5 cm). Theequilibrium metal
ion concentrationin thefiltrate was determined using
AESor AAS. The consumed metal ion (Bi or Hg) in
theformeation of ion-associateswas cal cul ated, and the
drug concentration wasdetermined indirectly.

Analytical deter mination of drugsin pharmaceutical
prepar ations

The sildenafil-contai ning pharmaceutica prepara:
tions(Caverta, Vegaand Edegratabl ets) were success-
fully assayed using the present method. Samplingwere
made by grinding (10, 12 and 15 tablets) then taking
2.25-51.32, 2.65-52.14 and 2.15-50.36 pg.mL™* of
the Caverta, Vegaand Edegratabl ets, respectively at
theoptimum condition solution.

For andysisof Vd, thevardenafil-containing phar-
maceutica preparation (Levitratabl ets) were success-
fully assayed using the present method. Samplingwere
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made by grinding (12 tabl ets) thentaking 2.15-53.22
ug.mL* of the Levitratablets at the optimum condition
solution and the tablets were analyzed applying the
above mentioned procedure. In case of Td, sampling
wasmade by grinding up 10 tabletsthen taking 1.75-
55.50 pg.mL* of Cialistabletsat the optimum condi-
tionsolution. Inall casesthetabletswere anayzed ap-
plying the above described procedure.

RESULTSAND DISCUSSION

Theresultsof theelementd andysis(TABLE 1) of
the produced solid ion-associatesrevealed that in case
of Bi onedrug cationformion-ssociateswithone[Bil |
tandincaseof Hg two drug cationsformion-ssociates
withone[Hgl ] ?ion. Theseresultsare comparableto
the previously reported resultg>,

TABLE 1: Elemental analysis, composition and some physical propertiesof thedrugion — associates

% Found (calculated)

Dru | on-associate m.p. Molar Color
9 coTdosition °c Ratio H N Metal
(Bi or Hg)
. 2213 255 7.09 1758
CxH3xoN6O,S) [Bil 345 1:1 orange
Stgergiy 2 NEOS) (Bl % (217) (252 (7.05) (17.54)
_ 3101 3.65 10.17 12.16
(Cz2HoNBO.S)o [Hgl] - 364 2:1 yellow 51y (3.62) (10.14) (12.12)
. 26.67 291 233 17.22
C,7 Has N,O-) [Bil 315 1:1 orange
S (Czr Hes N2O7) [Bil] % (2664)  (288) (2.30) (17.18)
_ 38.02 415 3.33 11.81
(Cor Has NoOrlo[Hala] 294 221 ydlow 57 o) (4.10) (3.28) (11.75)
. 22.94 271 7.02 17.37
Cy3H3N60,S) [Bil 246 1:1 orange
Vardengi] N0 Bl % (2200  (266) (6.97) (17.34)
_ 3281 384 10.01 11.95
(CosHaNeOSp [Hol] - 224 2:1 yellow 5505 (5, (9.97) (11.91)

Conductometric titrations of the investigated
drugswith[Bil ] *and [Hgl ] > were performed to
provideins ght into the stoichiometric compositions
of theion-associatesformed in solution. With al ion-
associ ates, the characteristics curve-breaks are ob-
served at acation/ anion mol ratio of about 2 in case
of Hg confirming theformation of 2:1 (drug : X#) but
it wasof about 1 in caseof Bi confirming theforma-
tion of 1:1 (drug : X'1) ion-associates. Theresults
obtained coincidewith the elemental analysisof the
precipitated ion-associates. The optimum pH and
ionic strength values (TABLE 2) have been eluci-
dated by determining the solubility of theion-associ-
atesin HCI-NaOH solutions of different pH values
and ionic strengths. The best were those exhibiting
lowest solubility values.

Analytical determination of drugs in aqueous
solutionsand phar maceutical prepar ations

Sildendfil HCI, taddafil HCl and vardendfil HCl were
determined precisely and accurately in aqueous solu-
tionsat their optimum conditionsof pH andionic srength
(TABLE 2) and in pharmaceutical preparationsusing
the present method. TheresultsgiveninTABLE 3re-

vedl that recoverieswereintherange 99.96 - 101.35
% and 98.88 - 101.14 %, reflecting the high accuracy
in addition to the high precisionindicated by thevery
low vauesof therel ative standard deviation.
Generaly, the present method isasgood asthose
reported before where, 0.948 - 56.88, 0.998 - 59.88
and 0.976-58.56 ug.mL* solutionsof Sd, Tdand vVd
using[Bil ] and[Hgl,] > weredetermined, respectively,
which meansthat thismethod isapplicableover awider
concentration rangethan previoudy published methods
for SA*62% py Liu et a. and Dinesh et a. inwhich Sd

TABLE 2: Solubility and solubility product of theion-associ-
atesat their optimum conditionsof pH and ionic strength (u)
valuesate25°C

lon — associate pH u  ps Pk

P

Sildenafil -iodobismuthate 3.0 0.3 1395 7.89
Tadalafil - iodobismuthate 2.0 0.2 1297 2595
Vardendfil-iodobismuthate 4.0 04 11.96 2392
Sildenafil -iodomercurate 5.0 0.3 1095 3225
Tadal&fil -iodomercurate 6.0 05 988 29.04
Vardenafil-iodomercurate 5.0 0.2 10.85 34.06

pS : -log solubility
pksp : -log solubility product
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enous componentsin plasma. Although the reported

solutionsandin phar maceutical preparationsby AESandAAS - methoddg*3*4 offer high-throughput analysis, they are

Mean Mean
Sample Taken (ug) recovery RSD

(%) (%)
Using [Bil,]™*
Sildenafil solution  0.948-56.88  99.96 1.3
Caverta tablets® 225-51.32  101.05 1.2
Vega tablets® 265-5214  101.07 1.1
Edegra tablets® 215-50.36  101.04 1.2
Tadalafil solution  0.998-59.88  101.12 0.8
Cialis tablets? 1.75-5550  101.08 1.4
Vardenafil solution  0.976 - 58.56 101.35 0.3
Levetratablets® 215-5322 10114 05
Using [Hgl ] ***
Sildenafil solution  0.948-56.88  98.88 1.2
Caverta tablets® 2.25-51.32 98.96 1.0
Vega tablets® 265-5214  100.03 11
Edegra tablets® 2.15-50.36  100.02 1.2
Tadalafil solution  0.998-59.88  101.04 0.6
Cialis tablets? 1.75-5550  100.02 11
Vardenafil solution  0.976-5856  101.14 0.4
Levetra tablets® 215-5322  101.09 05

RSD : Relative Sandard Deviation (five determinations)

* By AES** By AAS
(@)

)
)

Ranbaxy L aboratories, India.
®Asia Company for pharmaceutical Industries, Sorya.

©Sun pharmaceutical Industries Ltd.
@EIli Lilly Company, USA.

©@Bayer Company, Leverkusen, Germany.

was determinedintheof 66.4-332 and (1.25-50, 1.25-

60) ng.mL, respectively.

For Tdthereported methods*4:43 can not be used
duetoinadequate sengitivity or interference by endog-

not readily accessible because of the use of relative
expens ve tandem mass spectrometry.

In case of Vd the reporte methods** by Zhu et
a. and our previouswork inwhichVdwasdetermined
intheranges2.25—225 and 1.36-68.32 pg.mL ™, re-
Spectively.

In pharmaceutical analysisit isimportant to test
the selectivity toward the excipiences and thefillers
added to the pharmaceutical preparations. Fortu-
nately, such materials mostly do not interfere. Itis
clear from theresults obtained for the pharmaceuti-
cal preparations (TABLE 3) that these excipiences
do not interfere.

In order to establish whether the proposed method
exhibitsany fixed or proportional bias, asiTdlelinear
regression™ of observed drug concentration against the
theoretical values (five points) was calculated. The
student*s t-test™ (at 95% confidencelevel) was ap-
plied to the slope of the regression line (TABLE 4),
which showedthat it did not differ sgnificantly fromthe
ideal value of unity. Hence, it can be concluded that
thereareno systematic differences between the deter-
mination and thetrue concentration over awiderange.
Thestandard deviations (SD) can beconsidered satis-
factory at least for thelevd of concentrationsexamined.

Although the present method is moretime con-
suming than some other methods, it exhibitsfair seng-
tivity and accuracy. M oreover, the reproducibility of
the resultsis superior to those obtained with other
methods.

TABLE4: Linear regresson analysisfor sildenafil, tadalafil and var denafil usngiodobismuthate(l11) and iodomer curate(l1).

Parameters [BilJ]? [Hgl,?
Sd Td vd Sd Td vd
Optimum concentration range (g mL™)  0.948-56.88 0.998-59.88 0.976-58.56 0.948-56.88 0.998-59.88 0.976-58.56
Shift or intercept of the regression line? 0.026 0.031 0.029 0.028 0.033 0.032
Slope of regression line 0.9988 0.9978 1.0039 0.9997 1.0029 1.0024
Student's/ (2.310)" 211 2.14 2.10 2.16 2.15 2.09
Range of error (%) 99.89+1.1 100.0+1.2 100.3+1.3 99.87+1.2 99.98+1.1 99.95+1.4

20bserved vs theoretical. *Tabulated 95% confidence limit (for slope).
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