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ABSTRACT KEYWORDS
|on-associate complexesof sildendfil citrate; Sd cit (viagra) with (Cd(11) and Sildendfil citrate;
Zn(11)) thiocyanates, potassium ferricyanide and ammonium reineckate are Pharmaceutical analysis;
precipitated. The solubility of the solid complexes at the recommended | on-associate complexes;
optimum conditions of pH and ionic strength values have been studied. Atomic emission spectrometry.

Saturated solutions of each ion associate at different temperatures under
the optimum precipitation conditions were prepared and the metal ion con-
tents in the supernatant were determined. The solubility products were
thus calculated at different temperatures and the thermodynamic param-
eters AH, AG and AS were calculated. A new accurate and precise method
based on direct coupled plasma atomic emission spectrometry for the deter-
mination of sildenafil citrate (0.75-85.32 ug/ml) in pure solutions and phar-
maceutical preparationsisgiven.  © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION 0 CH,
HiCH.C~0  HN N

Sildendfil citrate (Sd cit);viagraisapotent and se- N | N
lectiveinhibitor of cyclic guanosine monophosphate N CH.CH.CH
(cGMP)-specific phosphodiesterasetype 5 (PDES). 2eizens
Theactivity of Sd cit for thetreatment of maleerectile 0.8 COOH
dysfunction has been reported by several authorg™4. 2 ‘N/\ HOOC{OH
Thisdrug should beadministrated under instruction of N‘CH COOH
doctors becauseitsover dose might cause a series of _ , 3 _ .
Sde-effectg™ . Figurel: Chemical structureof Sildenafil citrate

Sdcitischemicadly known as: 1-[4-ethoxy-3-(6,7- Because of the pharmaceutical propertiesof Sd

dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazolo-[4,3- cit wefound it important to prepare new ion associ-
d] pyrimidin-5-yl)phenyl su-lphonyl]-4-methylpiperazine  ates containing sildenafil and to study and elucidate
citrate(Figurel). their chemical structuresto beappliedto theanalysis
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of Sd cit. Thereisno official method for the determi-
nation of Sd citinitsformulations. Various reports
have been described for the determination of Sd cit,
those are accurate spectrochemical, chromatographic
and electroanalytical methods®3?. Most of these
mehods are expensive, required careful control of
conditions, suffer from lack of selectivity and time
Consumi ng[lO, 14, 15, 23,29, 30] .

Although direct coupled plasmaatomic emission
Spectrometry (DCP-AES) isarapid method and has
very low detection limitswhich can not be reached by
most of theabove mentioned methods, it has not been
applied yet to the determination of Sd cit. The present
work includesanew DCP-AES method for the deter-
mination of Sd cit. The method isbased on precipita:
tion of theion associates formed from the reaction of
Sdcitwith[Cd(SCN),]*, [Zn(SCN),]*, ammonium
reineckate, [Cr(NH,), (SCN),]-, or [F&(CN) J*. The
metd ion content present in saturated sol utions of these
ion associatesisdetermined employing DCP-AESand
isused to calcul ate the concentration of Sd cit.

DCP-AESiswell suited for thistypeof determina-
tion becauseof itsaccuracy, precision, sensitivity, and
freedom from interference.

EXPERIMENTAL

Reagents

Double-didtilled water and andytica gradereagents
wereusedto preparedl solutions. Sildendfil citrate(Asa
Company for Pharmaceutical s,Sorya),ammonium
reineckate, potass umferricyanideand zinc acetatewere
Aldrich products, cadmium nitrate (BDH), Cavertatab-
lets, containing 100 mg Sd cit per tablet were obtained
from (Ranbaxy Laboratories, India), Vegatablets, con-
taining 50 mg Sd cit per tablet wereobtained from (Asa
Company for Pharmaceutica s, Sorya) and Edegratab-
lets, containing 50 mg Sd cit per tabl et were obtained
from (Sun PharmaceuticalsindustriesLtd.).

Apparatus

The pH of solutionswas measured using an Orion
(Cambridge, MA, USA) digital pH meter. Direct cur-
rent plasmaatomic emission spectrometry for the de-
termination of metd ioniscarried out usingaBeckman
Spectra Span |11 Emission spectrometer. Conducti-

—= Fyll Paper

metric measurementswere carried out using conduc-
tivity measuring bridge type M.C.3 model EBB/10
(K = 1); [Chertsey, Surry, England]. The IR ab-
sorption spectrawere obtained by applying the KBr
disk technique usingaPY E UNICAM SP-300 in-
frared spectrometer.

Preparation of ion associates

Theion associateswere prepared by mixing solu-
tionscontaining 1 x 10 mol of Cd(ll), or Zn(ll) witha
solution containing 4 x 10 mol of potassium thiocyan-
ateand therequisiteamount of Sd cit. Potassium ferri-
cyanide and ammonium reineckate 1 x 10° mol of the
solution was mixed with the cal culated amount of Sd
cit. The precipitates obtai ned werefiltered, thoroughly
washed with distilled water, and dried at room tem-
perature. They were subjected to d ementa microandy-
s, infrared spectroscopy, nuclear magnetic resonance
and determination of themetal content.

Effect of pH on the solubility of ion associates

Thechoiceof asuitablepH vaueat whichtheion
associatesexhibit thelowest solubilitiesand the effect
of pH on the degree of compl eteness of ion-associate
formationwerestudied asfollows:. the solidion associ-
ateswere added to form saturated solutionsin aseries
of solutionsof different pH vauesranging from 1to 10;
the pH valuewasadjusted with0.1 M HC1or 0.1 M
NaOH. The solutionswere shaken for 4-6 hand I eft to
stand for aweek to attain astableequilibrium. Thenthe
saturated solutionisfilteredinadry beaker (rgecting
thefirst few millilitersof filtrate). Onemilliliter of the
filtrateistrandferredinto a100-ml measuring flask con-
taining 1 ml of concentrated HNO, and thevolumeis
filled tothe mark with distilled water. Theequilibrium
concentration of themetal ion present in theform of
sol ubleinorganic complex ionismeasured using DCP-
AES, and hencethe solubility of theprecipitateiseva u-
ated, from which the solubility productsof theion as-
sociateswere cal cul ated.

Effect of ionic strength on the solubility of ion as-
sociates

A seriesof saturated solutionsof theion associate
adjusted to the optimum pH valueand having different
ionic strength (0.1-1.0) was prepared using NaCl as
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the electrolyte. The same proceduresasthoseused in
the determination of the effect of pH have been fol-
lowed to determinethe optimum ionic strength val ues
at whichion associateshavethelowest solubilities.

Effect of temperature

Theeffect of temperature on the solubility of ion
associates and the heat of the solution of ion associates
were studied by preparing asuspension of theion as-
sociatein solutionsat theoptimum pH andionic strength
vauesat different temperatures (25, 35, 45, and 60°C).
The metal ion content present in theform of soluble
complex ionismeasured usng DCP-AESand the hest
of the solution of theion associates was determined
applyingtheVan’t Hoff isochore relation; thus:
log S=- AH / 2.303RT + constant, Q)

WhereH isthe heat of solution KImol*; Risthe
universal gas constant, 8.3 Jmol* K*; and T isthe
absolutetemperaturein K. Thus,

aplot of log Sagainst 1/T isastraight linewitha
dopeegual to (- AH/ 2.303 R) fromwhich AH iscal-
culated.

Gibb’s free energy change (AG) and the entropy

change

(AS) arecalculated using Egs. (2) and (3), respec-
tively,
AG=-RTInK_, 2

$
Where Ke isthesolubility product of ion associate
and
AG=AH -TAS

)
Prepar ation of sstandard solutions

Standard solutionsof diva ent cadmium, chromium
and zinc are prepared by weighing 1.0 g of ahigh-pu-
rity sampl e (cadmium shot, cobalt powder, chromium
shot and zinc metd, respectively), trandferringittoal-
liter measuring flask and then adding 50 ml of concen-
trated HNO,. After dissolution thesolutionisdiluted to
1 liter with deionized water. The 1000-ppm solutionis
stored in aplastic bottle which has been presoaked in
dilute HNO,. The solutionisstablefor approximately
oneyear. Standard solution of iron was obtained from
Aldrich.

Calibration of DCP-AES
Under therecommended conditions, calibration
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graphs were constructed of aqueous standards of
cadmium(ll), chromium(l11), zinc(l) and Fe(l11) in 1
M HNO, by performing triplicate measurementsusing
solutionscontaining 0, 10, 20, and 50 ppm and yte con-
centrations as previously reported®!-2, Thecalibra-
tion graphsarestraight linespassing throughtheorigin.
Thedifferent parametersused for the measurement of
cadmium(11), chromium(l11), zinc(l1) and Fe(l11) are
lisedinTABLE 1.

TABLE 1: Analytical Parametersfor the M easurement of
Cd, Cr,Feand Zn Using DCP-AES

Wave Element Order Plgqna DL LDR BEC RI’B?E%(
length  (nm) position (mg/L) (mg/L) (mg) (%)
cd 21443 105 0 0005 oégg- 04 1x10
Fe 24830 9 0 001 Qb 02 1x07
c 26771 8 0 001 N 04 707
Zn 20620 100 0 001 & 03 10x09

Note. DL, detection limit; LDR, linear dynamic range; BEC,
background equivalent concentration; RSD, relative standard
deviation. For all elements; state, ion; entrance dits, 50 x 300
pm; exit dits, 100 x 300 pm.

Conductimetric measur ements

The stoichiometry of theion associateswas e uci-
dated by conductimetrictitration of Sd cit withthemeta
complex solutions.

Analytical determination of Sd cit in aqueous so-
lutions

Aliquots(0.04-4.5ml) of 0.001 M Sd cit solution
arequantitatively trandferredinto 25-ml measuring flasks.
To each flask 1.0 ml of 0.01 M standard solution of
(Cd(I1) or Zn(11)) thiocyanete, ferricyanide, or anmo-
nium reineckateisadded and theflask isfilled to the
mark with the recommended buffer solution of theop-
timum pH and ionic strength values. The solutionsare
shaken well and |eft to stand for 15 min and then fil-
tered through Whatman P/S paper (12.5 cm), and the
equilibriummetal ion concentrationinthefiltrateisde-
termined using DCP-AES. Themetal ionconsumedin
theformation of ion associatesis calculated and the
drug concentration isdetermined indirectly.

Analytical determination of Sd cit in phar maceuti-
cal preparations
The sildenafil-contai ning pharmaceutica prepara:
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tions(Caverta, Vegaand Edegratabl ets) were success-
fully assayed using the present method. Samplingwere
made by grinding (8, 12 and 20 tabl ets) then taking
1.50-82.65, 2.50-74.25 and 2.65-83.50 ug / ml of
the Caverta, Vegaand Edegratabl ets, respectively at
the optimum condition solution and thetabletswereana
lyzed applying the above mentioned procedure.

RESULTSAND DISCUSSION

Composition and structureof ion associates

Theresultsof dementd andysis(TABLE 2) of the
produced solid ion associates reveal that two
sildenafilinium cationsformion associateswith one
[M(SCN),]* and three[Fe(CN) ],* whileonly one Sd
combineswith [Cr(NH,),(SCN),] toformal:lion
associate. Theseresultsare comparableto the previ-
ously reported resultg3:3,

Conductimetrictitrationsof theinvestigated inor-
ganic complexeswith Sd cit were performed to give
ing ght into the stoichiometric compositionsof theion
associatesformedin solutions.

For al ion associates, the characteristic curves
break at amolecular ratio ([ Sd] /[x]™) of about 2, con-
firming theformation of 2:1 (Sd : x#) ion associates
except in the case of the reineckate anion where the
curveexhibitsasharp bresk at the 1:1 molecular ratio
and in case of ferricyanide anion the curve exhibitsa
sharp break at the 3 :1 molecular ratio . The results
obtained coincidewith thed ementd anaysisof thepre-
cipitated ion associ ate.

Effect of pH on theformation of ion associates

Thechoiceof asuitable pH vaueat whichtheion
associateexhibitsthelowest solubility (TABLE 3) isof
primeimportanceintheuseof such compoundsin quan-
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titative analysis. To determinethispH value, the solu-
bility and the solubility products of the compoundsare
determined at 25°C in solutions of varying pH values.
Fromthe obtained results, it was observed that increas-
ing the pH valueof the medium decreasesthe solubility
of theion associate, dthough only dightly, until acertain
pH vaue(TABLE 3), whenit thenincreasesagain. This
can be explained by considering thesolubility equilib-
riumof theion associate, e.g.,

(Sd) 2[M(SCN)4] <, 2Sd ++[M (SCN)4]2-

In acid medium, the hydrogen ion may react with
the complex anion, [M(SCN) ,]*, whileinbasic me-
diumthehydroxyl ionsmay react withthes ldenafilinium
ion or themetd thiocyanate complexes. However, itis
of note that the effect of pH is rather weak and the
present method can be applied safely over awiderange
of pH vaues.

TABLE 3: Solubility and Solubility Product Valuesof <d cit
lonAssociatesat Optimum pH and 25°C

lon associate pH pS pKg pKe
(Sd),[Cd(SCN),] 40 299 837 7.97
(Sd),[Zn(SCN)4] 30 267 742 935
(Sd)s[FE(CN)g] 20 228 770 6.77
(SA)[Cr(NHz)2(SCN),] 30 420 840 7.08
8.10

NoNoate. pS, -log solubility. pksp, -log solubility product.

Effect of ionic strength on the solubility of ion as-
sociates

Thechoice of asuitable u valueat which theion
associatesexhibit thelowest solubility isalso of prime
importancein theuse of suchion associatesin quanti-
tativeandyss.

The solubility and the solubility product val ues of
ion associatesat different pu values(0.1-1.0) have been

TABLE 2: Elemental Analysis, Composition, and Some Physical Propertiesof Sildenafil citratelon Associates

| on-associate m.p . % found (calculated)
. o Molar ratio Color

composition C C H N S M etal
_ 4456 464 1733 1485 869
(C22H30NBO,S)o[ CA(SCN),| 236 21 White 11600 (a68) (1739 (15.02) (8.72)
_ 425 482 1124 1542 524
(Co2H30oN6O,S)o[ZN(SCN)d] 276 21 White  1532) (4.92) (11.36) (15.63) (5.36)
_ 3039 455 2121 2020 656
(Co2H3oN6O,S)[Cr(NHs)(SCN).] 298 11 Pk 3945 (a62) (21.28) (20.34) (6.64)
_ 5283 551 2056 588 343
(Co2H3oNBO,S)s[F(CN)q] 242 31 White 5o 94 (558) (2072) (5.39) (352)
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investigated at the optimum pH values. It wasfound
that increasing the p valueof themedium decreasesthe
solubility of theion associates, probably duetothesdting
out effect, until theoptimum p val ueisreached (TABLE
4). It then increases again due to complexation reac-
tions between the base cations and the concentrated
NaCl inthemedium that form thedrug precipitate, and
hencethe concentration of themetd ionincreases, lead-
ingtoanincreaseinthecal culated solubility values.
Thevduesof thesolubility and solubility product at
the optimum conditions of pH and ionic strength ()
aregivenin TABLE (4). Theresultsindicatethat the
present ion associates are so sparingly solublethat Sd
cit can be determined accurately and precisely by the
indirect method through precipitation of itsion associ-
ateswith [Cd(I1) and Zn(I1)] thiocyanate compl exes,
potass um ferricyanideand ammonium reineckate.
TABLE 4: Solubility and Solubility Product Valuesat 25°C

of Sd cit lon Associates at Their Optimum pH and lonic
Srength () Values

lon Associate pH p pPS pKg
(Sd)2[Cd(SCN),] 40 03 325 915
(Sd),[Zn(SCN)4] 30 04 314 1882
(Sd)s[Fe(CN)g] 20 0.6 262 9.05
(Sd)[Cr(NH3)2(SCN)4] 30 07 426 852

Note. pS, -log solubility. pkgp, -log solubility product.

Effect of temperatureon the solubility of ion as-
sociates

Thesolubility of ion associateswasinvestigated at
different temperatures (25, 35, 45, and 60°C) and the
hesat of solution (AH), Gibb’s free energy change (AG),
and the entropy change (AS) have been calculated
(TABLED). Theresultsshow that Sd cit isbetter de-
termined at 25°C than at higher temperatures, provid-
ing the optimum conditionsof pH and ionic strength.
Thisisbecauseincreasing temperatureincreasesthe
solubility wherethe process of dissolution of the pre-
cipitatesisendothermic becausethelatticeenergy is
usually greater than the solvation energy and hencethe
stability of ion associates decreases.

Gibb’s free energy AG increaseswhen the solubil-
ity of ion associatesis decreased.

Analytical determination of Sd cit in aqueous so-
lutionsand tablets

Sd cit was determined precisely and accurately in
agueous solutionsand in the pharmaceutical prepara
tion (Caverta, Vegaand Edegratabl ets) using the present
method. Theresultsgivenin (TABLE 6) reved that for
ammonium reineckate therecovery is100.12 %, re-
flecting ahigh accuracy whichin addition to the high
precisionindicated by very low vauesof relativestan-

TABLE 5: Solubility (S), Solubility Product (Ksp), and SomeTher modynamic Functionsof Sildenafil | on Associateat Differ-

ent Temperatures
. S AG AS AH S AG AS AH
. K. (kJ (kJ (kJ . K (kJ (kJ (kJ
o By Sp
€ (gmaliiter) mol-')  mad?) md? (g mol/liter) ma®)  ma?  ma?
(Sd)2[Cd(SCN)4] (Sd)[Cr(NH3)2(SCN)4]
25  560x10% X71'8§0 5213  8.89 2iz)3x 5.50 x 10° 3'1%?9)‘ 48.52 6.68 Zige?(
35  420x10% le'g_?o 1987 870 6.32x 10° 3'1%99" 2471 654
-5
B oy 10t Xfig_cl)o 56.37 831 7.18x 10 5.110§9x 5036  6.25
60  8.20x10% fi%% 55.00  7.94 8.31x 10° 6'1%99" 51.93 507
(Sd)2[ZNn(SCN),] (Sd)s[FE(CN)g]
25  7.20x10* ji?)% 5027  3.96 1'120?‘ 2.40x 10 81'333‘ 5153 1526 4ig§‘
35  6.12x10% Xsicl)_?o 5320  3.82 2.88x 10 1'1%59)‘ 51.40 1477
45  643x10% ji%% 5454 397 3.96 x 10°® 6'1%‘_‘9" 4970 1431
60  572x10% X71'g§0 5807  3.52 4.32x10° 9'1%99" 51.08  13.66
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TABLE 6: Analytical Deter mination of Sildenafil Citratein
AqueousSolution and in Caverta, Vegaand Edegra Tabletsby
DCP-AES

—— Fyll Peper

TABLE 7: Linear regression analysisfor Sildenafil citrate
usingthiocyanatesof [Cd and Zn],ammonium reineckateand
potassumferricyanide.

Sample Amount Mean Mean
taken (ng) recovery (%) RSD (%)

[CA(SCN),J*
g‘lfﬂiﬂ at 0758532  97.76 0.87
CavertaTablets®  1.50-82.65 96.82 1.03
Vega tablets®™ 2.50-74.25 97.75 1.06
Edegra tablets® 2.65-83.50 97.74 1.02
[Zn(SCN),*
g‘lfﬁiﬂ at 0758532  98.88 1.06
CavertaTablets®  1.50-82.65 97.86 1.09
Vega tablets®™ 2.50-74.25 97.83 1.07
Edegra tablets® 2.65-83.50 97.82 1.08
[Cr(NH3)o(SCN)4
g‘lfﬂiﬂ at 0758532  100.12 0.45
CavertaTablets®  1.50-82.65 100.06 0.65
Vega tablets®™ 2.50-74.25  100.10 0.68
Edegra tablets® 2.65-83.50  100.03 0.66
[Fe(CN)e]*
g‘lfﬂiﬂ at 0758532  97.73 113
CavertaTablets®  1.50-82.65 96.58 1.15
Vega tablets®™ 2.50-74.25 96.76 1.14
Edegra tablets® 2.65-83.50 96.74 112

Note. RSD, relative standard deviation (six determinations). (a)
Ranbaxy Laboratories, India. (b) Asia Company for
Phar maceuticals,Sorya. (¢) Sun Phar maceuticalsIndustriesLtd.
dard deviations. For (Cd and Zn) thiocyanatesand fer-
ricyanide the recovery range is between 96.58 and
98.88 % -less accurate than that for ammonium
reineckate.

Generdly, the present method isapplicableover a
wider concentration range; (0.75 - 85.32 ug/ml) than
that of!1% 1430 where 66.4 - 332, (1.25-50, 1.25- 60)
and 0.8-80 pg/ml solution of Sd cit can be determined,
respectively.

In pharmaceutical analysisitisimportant to test
the selectivity toward the excipiences and thefillers
added to the pharmaceutical preparations. Fortu-
nately, such materialsmostly do not interfere. Thisis
clear from theresults obtained for the pharmaceuti-
cal preparations (TABLE 6) that these excipiences
do not interfere.

Parameters Thiocyanatesof Ammonium Potassium

Cd Zn reineckate ferricyanide
Optimum 0.75-
concentration g5 35 07> 1758532 0.75-85.32
range 85.32
(ng/ mi)
Shift or
Interceptof 5057 0031 0033 0.032
theregression
line?
Slope of
regression line 0.99878 1.0052  1.0065 1.0073
Student's/
2.31)° 214 216 2.07 2.09
Rangeof error  99.8  100.0
%) 113 +192 100.0+1.5 100.0+1.3

(a) Observed versus theoretical. (b) Tabulated 95% confidence
limit (for slope).

Although the present method is more time con-
suming (22 min) in comparison to other methods such
as (15 min for HPLC), it exhibits the advantages of
simplicity, precision, higher sensitivity, accuracy and
convenience. Moreover, thereproducibility of there-
sultsare superior to those obtained from other meth-
ods such as chromatography!?> 2. % Therefore, the
method should be useful for routineandytica and qual-
ity control assay of the investigated drug in dosage
forms.

In order to establish whether the proposed method
exhibitsany fixed or proportiona bias, asmplelinear
regression® of observed drug concentration against
thetheoritical vaues(five points) wascd culated. Stu-
dent s t-test™ (at 95% confidence level) was ap-
plied to slopeof theregressionline(TABLE 7) and
showed that it didn't differ significantly fromtheidedal
value of unity. Hence, it can be concluded that there
areno systematic differences between the determina
tion and true concentration over awiderange. The
standard deviations (S.D.) can be considered satis-
factory at least for theleve of concentrations exam-
ined.

Although the present method ismoretimeconsum-
ing than someother methods, it exhibitsfair sensitivity
and accuracy. M oreover, thereproducibility of there-
sultsissuperior to that obtai ned from other methods.
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