a%za.[}jtica[ CH

Volume 14 Issue 6

CMISTRY
A Judian Joaraal

ISSN : 0974-7419

s Pl P aper

ACAIJ, 14(6) 2014 [201-207]

Analytical applications of atomic emission spectrometry for the
microdeter mination of sildenafil, tadalafil and vardenafil drugs
employed in the erectile dysfunction therapy

Sabry Kh.Mohamed'?, Saad S.Al Zahrani?, Yousri M.Hussein!?®, Ammar |.Turkestani!
M edical L aboratoriesDepartment, College of Applied M edical Sciences, Taif Univer sity,
Taif 21944, P.O. Box 2425, (K SA)
2Chemistry Department, Faculty of Science, Fayoum Univer sity, Fayoum City, (EGYPT)
3Department of M edical Biochemistry, Faculty of M edicine, Zagazig Univer sity, (EGYPT)
E-mail : S Khalil_99@yahoo.co.uk

ABSTRACT

lon— associate complexes of sildenafil, tadalafil and vardenafil hydrochlo-
rides with potassium ferricyanide and ammonium reineckate were precipi-
tated and the excess unreacted metal complex was determined. A new method
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using atomic emission spectrometry for the determination of the above
drugs in pure solutions, in pharmaceutical preparations and urine of dia
betic patients type 2 was given. The drugs can be determined by the affort
method intheranges0.47 - 123.24,0.53 - 139.23and 0.52 - 136.37 ngmL™*

solutions of Sd, Td and Vd, respectively.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Now, theora pharmacotherapy used for thetreat-
ment of the numerous number of patientswho suffer
from erectile dysfunctionisrepresented by phosphodi-
esterasetype5 (PDED) inhibitors, of whichthreedrugs
arecurrently used dl over theworld. Sildendfil, thefirst
drug was approved in 1998. Recently, tadalafil and
vardenafil wereintroduced through 2003 and 2004,
respectively. Vardendfil isapotent and sdectiveinhibi-
tor of PDE5S!*2,

Sildendfil; (Sd), tadd dfil; (Td) and vardendfil; (Vd)
arevery important pharmaceutical compounds. There-
fore, wefound it important to prepare new ion-associ-
ates contai ning these drugs and to study and elucidate
the chemical structures. Also thework presentsanew

rapid methodfor the

determination of thesedrugs after transformation
into theion-associates. Thechemica structuresof these
drugsareshowninfigure 1.

Sildendfil citrate (Sd cit);viagraisapotent and se-
lectiveinhibitor of cyclic guanosine monophosphate
(cGM P)-specific phosphodiesterasetype 5 (PDES).

Theactivity of Sd dit for 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
side-effectd®19,

Sdcitischemicadly 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.
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Figurel: Sructuresof sldenafil, var denafil and tadal afil.

Tadal &fil isaselective phosphodiesterase type 5
inhibitor, whichisused totreat mildto severe ED in
man. Drugtestingisanintegral part of pharmaceutical
analysisand routinequaity control monitoring of drug
rel ease characteristics.

Td is chemically known as pyrazino [1’,2’
:1,6]pyrido[3,4-b]indole-1,4-dione,6-(1,3-
benzodioxol-5-y1)-2,3,6,7,12,12a-hexahy-dro-2-me-
thyl-,(6R-trans)-(6R-,12aR)-2,3,6,7,12,12a-
hexahydro-2-methyl-6-[ 3,4-(methylenedioxy)phenyl]-
pyrazino[ 12,22 :1,6] pyrido[ 3,4-b]indole-1,4-dione.

Vdischemicaly known as. 1-[[ 3-(1,4-dihydro-5-
methyl-4-oxo-7-propylimidazo[5,1-f][ 1,2,4] triazin-2-
yl)-4-ethoxyphenyl]sulfonyl]-4-ethyl-
monohydrochloride.

Studiesinmenwith erectiledysfunction haveshown
that singledosesof vardenafil 10 - 40 mgwererapidly
absorbed following ord administration, with maximum
plasma concentration reached in some menwithin 15
minutes14, |nformation from the patient diariesindi-
cated that vardenafil increased the rate of successful
intercourse compared with placebo, most patientsre-
ceiving vardendfil indicated that their erectionshasim-
proved after 12 weeks of treatment!*3, Clinical studies
have demonstrated that VVd isawell-tol erated, effec-
tiveand rdiabletreatment of ED and representsavalu-
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ablenew therapy option for menwith ED and their part-
ners and many patientswere returned to normal erec-
tilefunction after treatment with vardenafil*.

Thereisnoofficid 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 methodsare
expensive, required careful control of conditions, suffer
fromlack of sdectivity and time consuming [1620:2.29.35
-36]

To the best of our knowledge no report has been
published ontheanadysisof tadd&fil in pharmaceutica
preparations. Also thereisno official method for the
determination of Vdinitsformulations.

Few reports have been described for the determi-
nation of VVd, thoseare HPLC-M S7, HPL C-coupled
withliquid-liquid extraction®, HPLC-with diodearray
detectionl¥ el ectrokinetic capillary chromatography!*9
and electrochemical®¥. Since, most of these methods
areexpensive, required careful control of conditions,
suffer fromtime-consuming extraction procedures ™9,
theuseof smpler, faster, lessexpensive and sensitive
method isrequired. Theuse of smpler, faster, lessex-
pensiveand sensitivemethod isdesirable.

Although, Direct Coupled Plasma-Atomic Emis-
sion Spectrometry (DCP-AES) isarapid method and
hasavery low detection limit which can not bereached
by most of the other methods. The present study in-
cludesnew DCP-AES method for thedetermination of
theinvestigated drugs. Themethodisbased onthepre-
cipitating theion-associatesformed asaresult of the
combination of these drugs with an excess of
[F&(CN)]* and ammonium reineckate; [Cr(NH,),
(SCN),]". Theequilibrium concentration of the metal
ion present asthe solubleinorganic complex ioninthe
Supernatant solutionwasdetermined usng alomicemis-
sion and absorption.

MATERIALSAND METHODS

Doubly-distilled water and anaytical gradereagents
were used inthe preparation of al solutions. Sildendfil
citrate (Asia Company for Pharmaceuticals,Sorya),
Viagratablets, containing 50 and 100 mg Sd cit per
tablet wereobtained from (Pfizer, USA). Tada &fil was
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obtained from Eli Lilly and Company, USA. Cidis® tab-
let (containing 20 mg of tadalafil), manufactured by Eli
Lilly and Company, USA, was purchased from local
market. Vardenafil hydrochloride (Bayer Company,
Leverkusen,Germany ;www.bayer.com), Levitratab-
lets, containing 20mg Vd per tablet wereobtained from
alocal pharmacy. potassium thiocyanate were from
Aldrich(www.sgmaaldrich.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 | CPE- 9000 Shimadzu plasmaatomic
emi ssion spectrometer. Conducti metric measurements
were carried out using conductivity measuring bridge
type M.C.3 model EBB/10 (K, = 1); [ Chertsey,
Surry, England]. The IR absorption spectrawere ob-
tained by applyingthe KBr disk techniqueusingaPY E

—— Fyll Peper
UNICAM SP-300 infrared spectrometer.
Preparation of thestandard solutions

Standard solution of chromium was prepared by
weighing 1.0gof high purity sampleof chromium shot,
trandferringittoal-liter measuring flask and then adding
50 ml of concentrated HNO,. After complete dissolu-
tion, thesolutionwasfilled tothemark with distilled wa-
ter. The1000 ug mL* solutionwasgtored inplagticbottles
which had been presoaked in dilute HNO,. The solu-
tionswas stablefor approximately oneyear. Standard
solution of ironwasobtained fromAldrich.

Emission measur ements

Anaytical Parametersfor the Measurement of Fe
and Cr UsingDCP-AES arelistedinTABLE 1. The
instrument was equally adequate for present purposes
and wasused accordingto avall ability. Theatomic spec-
trometry was calibrated asin the previously reported
workel,

TABLE 1: Analytical Parametersfor theM easurement of Feand Cr Using DCP-AES

Element Waveength (nm) Order Plasmaposition DL (mg/L) LDR (mg/L) BEC (mg) RSD x BEC(%)
Fe 248.30 90 0 0.01 0.1-1000 0.2 1x07
Cr 267.71 84 0 0.01 0.1-1000 0.4 7x0.7

Note. DL, detection limit; LDR, linear dynamicrange; BEC, background equivalent concentration; RSD, relative sandard
deviation. For all elements: state, ion; entrancedlits, 50 x 300 pm; exit dlits, 100 x 300 pm.

Deter mination of solubility of theion — associates

The solid ion-associate was added in excessto a
solution of theoptimum pH andionic strength. Thesolu-
tion was shaken for 4-6 hrsand | eft to stand for aweak
to attain equilibrium. Then the saturated sol utionwasfil-
tered into adry-beaker (rg ecting thefirst few ml of fil-
trate). Theequilibrium concentration of themeta ion
present intheform of asolubleinorganic complex was
measured using atomi ¢ spectrometry. Hencethe solubil-
ity (S) of the precipitate was eval uated, from which the
solubility product of theion-associatewas ca cul ated.

Conductometric measur ements

The stoichiometry of theion-associ ateswas el uci-
dated also by conductometric titrations®” of the drugs
with[Fe(CN),|* and ammoniumreineckate; [Cr(NH,),
(SCN),] solutions.

Analytical determination of thedrugsin agueous
solutions

Aliquots (0.025- 6.5 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 [Fe(CN)]*> and [Cr(NH,),
(SCN),]- was added and the volume was compl eted to
themark with the aqueous sol utions of the optimum pH
and ionic strength (prepared from HCI and NaOH).
Thesolutionswere shaken well and left to stand for 15
minthen filtered through Whatman P/Spaper (12.5cm).
Theequilibrium metal ion concentration inthefiltrate
was determined using AES. The consumed metal ion
(Cr and Fe) intheformation of ion-associateswas cal-
culated, and the drug concentration wasdeterminedin-
directly.

Analytical determination of drugsin phar maceuti-
cal preparationsand urinesamples

For analysisof Sd, sampling wasmade by grinding
up 8tablets of Viagratabletsthen taking 0.85-118.50
ug. For anadlysisof Td, samplingwasmad by grinding up
15tabletsof Ciaistabletsthentaking 1.50-135.50 pg.
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Incaseof analysisVd, sampling wasmadeby grinding
up 20tabletsof Levitratabletsthentaking 0.95-132.50
ug of the tablets. Urinesampleswere obtained fromtype
[l diabetic patientsin Taif Area, SaudiaArabia(Ages
from 40-55 years old) after 2, 3 and 8 hours of taking
dose. In all cases the tablets and urine samples were
anayzed applying the above described procedure.

RESULTSAND DISCUSSION

Theresultsof theelementa andysis(TABLE 2) of
the produced solid ion-associatesrevealed that in al
casesthreedrug cationsform ion-ssociateswith one
[FE(CN),J*ion, whileonly drug cation combineswith
[Cr(NH,), (SCN),] toformal:1lionassociates. These
results are comparabl e to the previoudy reported re-
sultg®e-40,

Conductometrictitrationsof theinvestigated drugs
with [F&(CN),]* and anmoniumreineckate; [Cr(NH,),
(SCN), ] wereperformedto provideinsightintothesto-
ichiometric compositions of theion-associatesformed
insolution. For all ion-associates, the characteristics
curve-breaksareobserved at acation/anion mol ratio
(drug: X™) ion-associatesasfollow: inthecase of the
reineckaanion, thecurve exhibitsasharp break at the
1:1 molecular ratio and in the caseof ferricyanideanion
the curve exhibitsasharp break at the 3:1 molecul ar
ratio. Theresults obtai ned coincidewith theelementa
analysisof the preci pitated ion-associates. The opti-
mum pH and ionic strength values (TABLE 3) have
been e ucidated by determining thesolubility of theion-
associatesin HCI-NaOH solutionsof different pH val-
uesandionic strengths. Thebest werethoseexhibiting
lowest solubility values.

TABLE 2: Elemental analysis, composition and some physical propertiesof thedrugion - associates

Drug | on-associate composition md p. Mollar Color %Found (calculated)

C ratio C H N M etal

- (CaoH5N6O,S)s [ Fe (CN )e] 326 3:1 brown (ggzgg) (g:g% (2832?3) 3(;}1;;3
(CHsoNBO,S) [ Cr(NHs), (SCN)s] 344 1:1  pink (gggg) (j:gg) éig) ?ggg)f

. ( Cyr Has N2O; )3 [ Fe (CN )g] 376 3:1 brown (g‘l):gg) (g:ﬂ) (g:gé) 3(3225)9
(CarHasN,O7) [Cr(NHz), (SCN),] 312 1:1  pink (jg:gg) (2:8(2’) (ﬁ% ?ﬁgg)f

Vardencil (C23H3NgO4S) 3 [ Fe (CN )e] 278 3 :1 brown (ggsg) (26732) éggg 3(33:1)5 )e
(CzsHzN6O:S) [ Cr(NH), (SCN),] 262 1:1  pink (jgjg) (j:‘;% (38:;?1) ?gi;f

TABLE 3: Solubility and solubility product of theion-associ-
atesat their optimum conditionsof pH and ionic strength (u)
valuesate25°C

Drug lon — associate pH n  pS pksp
Sd (CpHxN60,9)s[Fe(CN)] 30 05 255 880
(C22H3x0N6O,S) [ Cr(NHz),
20 03 420 839
(SCN)4]
Cyy Has N,O; ) 5[ Fe
Td (C7 Has N2O7 ) 5 50 02 230 776
(CN)¢|
(Ca7 Has N2O7 ) [ Cr(NHs3),
30 03 419 839
(SCN)4]
Vd  (CoHuNeO.S)s[Fe(CN)J 40 06 228 7.07
(C23H32N604S) [ Cr(NH3)2 30 02 425 851

(SCN)4]
pS: -log solubility; pksp : -log solubility product

Anlytical determination of drugsin aqueoussolu-
tions, pharmaceutical preparations and urine
samples

Sidendil HCI, taddl il HCI and vardendfil HCl were
determined precisely and accurately in aqueous solu-
tionsat their optimum conditionsof pH andionic strength
(TABLE4), in pharmaceutica preparationsand urine
samplesusing the present method. Theresultsgivenin
TABLE (4) reved that recoverieswerein therange
99.96 - 101.18 % and 99.76 — 100.12 %, reflecting
thehighaccuracy in additionto thehigh precisonindi-
cated by thevery low values of therelative standard
deviation.

Generally, the present method isasgood asthose
reported before where 0.47 - 123.24, 0.53 - 139.23
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TABLE 4: Determination of theinvestigated drugsin aque-
ous solutions, pharmaceutical preparations and urine

sampleshy AES
Mean Mean
Sample Taken (ng) Recovery RSD
; (%) (%)
“Using [ Fe (CN)s]* 0.47 - 123.24
Sildenafil solution 085- 11850 % 03
Viagra tablets?® 068- 9218 05 0g
Urine after 2hs 2.35- 103.15 ’ ’

. 100.08 0.9
Urine after 3hs 112.14 - 100.06 11
Urine after 8hs 118.22 ’ ’
Tadalafil solution 0.53-139.23 101.06 0.8
Cialis tablets® 150- 13550 101.10 1.1
Urine after 2hs 2.15- 12812 101.06 1.2
Urine after 3hs 6.25- 116.35 100.07 0.7
Urine after 8hs 0.00
Vardenafil solution 0.52 -136.37 101.12 0.6
Levitra tablets® 0.95- 13250 10118 1.2
Urine after 2hs 3.28- 12416 10111 1.1
Urine after 3hs 8.15- 117.25 100.12 0.8
Hri ne after 8hs 0.00

LJSNGLCIINHS(SCNDs 6 47 19304

. : . 0.85- 1850 >° 11
Sildenafil solution 068- 9218 100.02 1.2
Viagra tablets® 2'35 i 103' 15 10001 08
Urine after 2hs ’ 11214 N 100.03 0.7
Urine after 3hs 1lé 20 100.04 0.9
Urine after 8hs ’
Tadalafil solution 0.53-139.23
Cialis tablets® 150 - 135.50 igg'gg 1(1)
Urine after 2hs 2.15- 128.12 101'03 0.8
Urine after 3hs 6.25- 116.35 100.08 0.9
Urine after 8hs 0.00 ) )
Vardenafil solution 0.52 - 136.37
Levitra tablets® 095- 13250 10000 oo
Urine after 2hs 3.28- 124.16 101'00 1'0
Urine after 3hs 8.15- 117.25 100.08 0.9
Urine after 8hs 0.00 ) )

RSD : Relative Sandard Deviation (six determinations);
3Pfizer Eli Lilly and Company, USA. ‘Bayer Company,
L everkusen,Germany.

and 0.52-136.37 pgmL-*solutionsof Sd, Tdand Vd
using [Fe(CN),]* and ammoniumreineckate; [Cr(NH,),
(SCN),]- were determined, respectively, which means
that thismethod isapplicable over wider concentration
rangesthan previoudy published methodsfor Sdi*417:20
inwhich Sd was determined using micro-boreliquid
chromatography by Panderi and Poulou, derivative
spectro-photometry by EI-Gindy et a. and ratio spec-
traderivative spectro-photometry by Nevin Erk inthe
ranges 5-20, 4-20 and 8-36 ug mL?, respectively. For
Td? in which Td was determined using HPLC by
Erturk et a. intherange 1.0— 11 ug mL™. In case of
Vd=! in which Vd was determined using HPLC by
Gumieniczek and Hopkaaintherange0.1—-0.5 mg

—— Fyll Peper
mL™,

In pharmaceutica anaysisitisimportant to test the
selectivity toward theexcipiencesand thefillersadded
to the pharmaceutical preparations. Fortunately, such
materials mostly do not interfere. Itisclear fromthe
results obtained for the pharmaceutical preparations
(TABLE 4) that these excipiencesdo not interfere.

In order to establish whether the proposed method
exhibitsany fixed or proportiona bias, asmplelinear
regression*Y of observed drug concentration against
thetheoretica vaues(fivepoints) wasca culated. The
student‘s t-test!*d (at 95% confidencelevel) was ap-
plied to thed opeof the regression linewhich showed
that it did not differ Sgnificantly fromtheided vaueof
unity. Hence, it can be concluded that thereareno sys-
temati c differences between the determination and the
true concentration over awide range. The standard
deviations(SD) can beconsidered satisfactory at least
for thelevel of concentrationsexamined.

Although the present method ismoretimeconsum-
ing than someother methods, it exhibitsfair sensitivity
and accuracy. M oreover, thereproducibility of there-
sultsissuperior to those obtained with other methods.

CONCLUSION

The present method isas good asthose reported
beforewhere, 0.47 - 123.24, 0.53 - 139.23 and 0.52
—136.37 pg mL* solutions of Sd, Td and Vd using
[F&(CN)]* and ammonium reineckate; [Cr(NH,),
(SCN),]- were determined, respectively, which means
that thismethod isapplicable over wider concentration
rangesthan previoudy published methods

For most patients, therecommended doseof Sdis
50 mg taken, as needed, approximately 1 hour before
sexud activity. However, Viagramay betaken anywhere
from 4 hoursto 0.5 hour before sexud activity. Based
on effectiveness and toleration, the dose may bein-
creased to amaximum recommended dose of 100 mg
or decreased to 25 mg. Themaximum recommended
dosing frequency isonce per day.

For most individuals, the recommended starting
doseof Tdis10mg per day taken before sexud activ-
ity. Depending onthe adequacy of theresponseor side
effects, the dose may be increased to 20 mg or de-
creasedto 5mg aday. Theeffect of Td may last upto
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36 hours. Individua swho aretaking medicationsthat
increase the blood levels of Td should not exceed a
total dose of 10 mgin 72 hours. For once daily use
without regard to sexud activity therecommended dose
is2.5to 5mgdaily. Td may betaken with or without
food sincefood does not affect itsabsorption fromthe
intestine.

With respect to Vd the normal starting doseis 10
mg (roughly equivalent to 50 mg of Sd) it should be
taken 1to 2 hoursprior to sexual activity, withamaxi-
mum dose frequency of once per day. Vd should not
be used by men taking nitrate medications, because
combiningthemwithVVd might provokepotentidly life-
threatening hypotension (low blood pressure).
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