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ABSTRACT

lon — associate complexes of Donepezil hydrochloride with [cadmium(l1),
cobalt(11) thiocyanate], sodium cobaltinitrite and ammoniumreineckate were
precipitated and the excess unreacted metal complex was determined. A
new method was given for the determination of Donepezil drug in pure

KEYWORDS

Atomic emission;
Atomic absorption;
| on-associate complexes,
Pharmaceutical analysis.

solutions, in pharmaceutical formulations and urine samples using atomic
emission and atomic absorption spectrometry. The drug can be determined

by the affort method intherange 0.83 - 91.50 ug mL .
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Donepezil hydrochloride; (DzCl) isareversiblein-
hibitor of theenzyme acetyl cholinesterase (AchE) ap-
proved for usein Alzheimersdisease™3. The patho-
genesisof Alzhe'mersdisease attributed some of them
toadeficiency of chalinergic neurotransmission. There-
fore, AChE inhibitors, which prevent the hydrolysi s of
acetylcholine, may exert their therapeutic effect by en-
hancing cholinergicfunction. Thefirst AChE inhibitor
(tacrine) has been used, however, associated with a
high incidenceof gastrointestinal (Gl) sdeeffectsand
hepatotoxicity!®. Donepezil isapotent and more salec-
tiveAChE inhibitor inthecenteral nervous systemwith
littleeffect on peripherd tissue, therefore, it hasalower
incidence of Gl and cardiovascul ar adverse effectgY.
Thedrug produces modest improvementsin cognitive
scoresand hasalong haf-lifealowing oncedaily dos-

ing“.

Donepezil isdowly absorbed fromthe Gl tract. Its
maxima plasmaconcentrationswerereached within 3-
4 hours. Itsrelative oral bioavailability is100 % and
food did not affect itsabsorption’>%, Thestarting dose
of donepezil is5 mgoncedaily intheevening. Thehigher
dose may not provide asignificant greater benefit, it
may cause higher incidence of cholinergic adverse
eventg!. Treatment with adose of 10 mg should not be
given until patients have been onadaily doseof 5mg
for 4-6 weeks. Adverse effects of donepezil include,
diarrhea, nausea, vomiting, insomnia, muscle cramp,
fatigueand anorexiawhichwereoftenmildinintensity
or trang ent and resol ving during continued medi cation™
3. Donepizil iswdll tolerated in patientswith mild he-
paticimpairment and moderately to severely impaired
rend function®. Overdose canresultin cholinergic cri-
sisrequired atropineasan antidote.

Donepezil isavery important pharmaceutical com-
pound. Therefore, wefound it important to prepare new
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ion-associ ates containing thisdrug and to study and el u-
cidatetheir chemicd structures. Also thework present
anew rapid method for the determination of thisdrug
after transformation into theion-associ ates.

The chemica name of Donepezil is2-[(1- benzyl-
4-piperidyl) methyl] -5, 6-dimethoxy-2, 3-
dihydroinden-1-onehydrochloride. Thechemicd struc-
ture of Donepezil drugisshowninFigure 1.

0
H, CO

(0

Figurel: Chemical structur eof donepezil

Intheliterature HPLC, HPTLC, LC-MSand few
Spectrophotometric methodsfor the determination of
Donepezil in pharmaceutical formulationsand biol ogi-
ca matrix werereported-21,

Theuseof smpler, faster, lessexpensveand sensi-
tivemethodisdesirable.

Although, Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES) and Atomic Ab-
sorption Spectrometry (AAS) arerapid methodsand
have a very low detection limits which can not be
reached by most of other methods. The present study
includesnew ICP-AES and AAS methodsfor the de-
termination of theinvestigated drug. Themethodisbased
on the precipitating theion-associatesformed asare-
sult of the combination of thisdrug with an excess of
[Cd(SCN),]#, [Co(SCN),]#, [Co(NO,) ]* and
[Cr(NH,),(SCN),]*. Theequilibrium concentration of
themeta ion present asthe solubleinorganic complex
ioninthe supernatant solution was determined using
atomic emissionand absorption.

MATERIALSAND METHODS

Doubly-distilled water and andytica gradereagents
were used inthe preparation of all solutions. Donepezil
wasobtained from SigmaChemica Co. USAAIzil tab-
letscontaining (5 mg Donepezil hydrochloride/ tabl et)
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as pharmaceutical produuct of brand Intas Ltd.,
(Gujarat, India) and Aricept tabletscontaining (10 mg
Donepezil hydrochloride/ tablet)asaproduct of Eisal
Co., Ltd (Japan) were purchased from local
market.Cadmium(I1) chloride, cobat(ll)chloride, po-
tassium thiocyanate, sodium cobaltinitrite and ammo-
nium reineckatewerefrom BDH Chemicas(UK).

Apparatus

The pH of the solutions was measured using an
Orion ResearchModd 701A digital pH-meter. Induc-
tively coupled plasmaatomi c emission measurements
were carried out using |CPE- 9000 Shimadzu plasma
atomic emission spectrometer and atomic absorption
measurements were made on AA-6650 Shimadzu
atomic absorption spectrophotometer. Conductimetric
mesasurementswere carried out using conductivity mea:
suring bridge type M.C.3 model EBB/10 (K = 1);
[Chertsey, Surry, England]. The R absorption spectra
were obtained by applying the KBr disk technique us-
ing aPye Unicam SP— 300 infrared spectrometer.

Preparation of thestandard solutions

Standard solutionsof cadmium, chromium and co-
balt were prepared by weighing 1.0 g of ahigh-purity
sample (chromium shot,cadmium and cobdt metds, re-
spectively), transferringit to al-liter measuring flask
and then adding 50 ml of concentrated HNO,. After
compl etedissolution, the solution wasfilled tothemark
with distilled water. The 1000 pg mL-1 solution was
stored in plastic bottleswhich had been presoaked in
dilute HNO,. The sol utionswere stablefor approxi-
mately oneyear.

Emission and absor ption measurements

Anaytical Parameters for the Measurement of
Cd,Crand CoUsing ICP-AES arelisted in Table 1.
Using AASthe Co (I1) was measured at wavel ength
240.7 nm, it 0.2 nm, relative noise 1.0, sensitivity
0.018 ugmL*andlinear range 1.0 pg mL%. Theinstru-
mentswereequally adequatefor present purposesand
were used according to availability. Theatomic spec-
trometry wascalibrated asin the previously reported
work!2e-30],

Determination of solubility of theion — associates
Thesolid ion-associate was added in excessto a
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TABLE 1: Analytical parameter sfor theemission measurement of Cr, Cd and CoUsing ICP-AES

Wavelength Plasma DL LDR BEC RSDxBEC
Element (nm) Order position (mg/L) (mg/L) (mg) (%)
Cr 267.71 84 0 0.01 0.1-1000 0.4 7x0.7
Cd 214.43 105 0 0.005 0.05-300 0.4 1x10
Co 236.37 95 0 0.02 0.2-1000 0.8 1x0.7

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

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

| iat " m.p. Molar Col % Found (calculated) M etal
on-associate composition Oc ratio olor c H N (Cd, Cr or CO)

) . 56.53 5.22 7.58 10.14

) 59.39 5.47 7.96 5.57

) ) 48.14 4.96 14.01 7.42

(CasHNOJ [Cr(NHJ2(SON) 365 1:1  pik e @on (1405) .48
) 58.64 5.85 8.51 3.96

(Cas Hao NO2)3[Co (NOy)d] 8 3:1 yelow Goro coy (359 (400

solution of theoptimum pH and ionic strength. Theso-
lution was shakenfor 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 themeta ion
present intheform of asolubleinorganic complex was
measured using atomi ¢ spectrometry. Hence, the solu-
bility (S) of the precipitate waseval uated, fromwhich
the solubility product of theion-associ ate was cal cu-
lated.

Conductometric measur ements

The stoichiometry of theion-associateswas el uci-
dated al so by conductometric titrations®! of thedrugs
with [Cd(SCN),]#, [Co(SCN),]#, [Co(NO,) ]* and
[Cr(NH,),(SCN),]* solutions.

Analytical deter mination of donepezil in aqueous
solutions

Aliquots (0.05 - 5.5 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 [Cd(SCN),]*, [Co(SCN),]*,
[Co(NO,) J* and [Cr(NH,),(SCN),]* wasadded and
thevolumewas completed 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
ICP-AES or AAS. The consumed meta ion (Cd, Cr
or Co) intheformation of ion-associateswas cal cu-
lated, and the drug concentration wasdetermined indi-
rectly.

Analytical deter mination of donepezil in phar ma-
ceutical preparationsand urinesamples

The Donepezil - containing pharmaceutical prepa:
rations (Alzil 5 mg and Aricept 10 mg tablets) were
TABLE 3: Solubility and solubility product of Donepezil ion-

asociatesat their optimum conditionsof pH and ionicgtrength
(n) values ate 25°C

Dz- | on — associate pH n pS pk

sp
(Cus Hag NO3) , [Cd (SCN)4] 40 06 910 26.71
(Cs4 Hag NO3) ,[Co (SCN)4] 30 05 907 26.62
(C24 Hag NO3) [Cr (NH3),
50 04 1044 20.88
(SCN),4]
(Cy4 Hag NO3) 5[ Co(NO,)e] 30 0.7 826 3162

P, : -log solubility; pkSp . -log solubility product
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successfully assayed using the present method. Sam-
pling were made by grinding (12 and 8 tablets), re-
spectively then taking 1.25 - 85.25 and 3. 50 - 86.50
ug/ ml of Alzil 5mgandAricept 10 mgtablets, respec-
tively. Urine sampleswere obtained from 20 patients
after 2— 6 hours of taking dose. In all casesthetablets
and urine sampleswere andyzed at the optimum con-
dition solution applying the above described procedure.

RESULTSAND DISCUSSION

Theresultsof dementd anadlysis(TABLE 2) of the

produced solid ion associates reveal that two
donepezilinium cationsformion associateswith one
[Cd(SCN),]* or [Co(SCN),]* and three[Co(NO,) |*
, while only one pethidinium cation combines with
[Cr(NH,).(SCN),]*toformal:1lionassociate. These
results are comparableto the previoudy reported re-
sultg®234,

Conductometrictitrationsof theinvestigatedinor-
ganic complexeswith Dz HCl wereperformedto give
insight into the stoi chiometric compositions of theion-
associatesformed in solutions. In case of ion associ-
ateswith [Cd(SCN),]* or [Cd(SCN),]*, the charac-

TABLE 4: Determination of Donepezil in aqueoussolutions, phar maceutical prepar ationsand urinesamplesby | CP-AESand

AAS

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

Using [ Cd (SCN), %"

Pure Dz solution 0.83-91.50 98.91 0.6
Alzil tablets ® (5 mg Dz / tablet) 1.25- 85.25 98.92 0.5
Aricept tablets® (10 mg Dz / tablet) 3.50 - 86.50 98.93 0.7
Urine after 2 hs 18.56 - 58.25 98.94 0.6
Urine after 4 hs 35.25 - 66.50 98.95 05
Urine after 6 hs 6.15- 19.75 98.96 0.4
Using [ Co(SCN), 1%
Pure Dz solution 0.83-91.50 99.95 0.8
Alzil tablets * (5 mg Dz / tablet) 1.25-85.25 99.96 0.7
Aricept tablets’ (10 mg Dz / tablet) 3.50 - 86.50 99.97 0.6
Urine after 2 hs 18.56 - 58.25 99.93 0.8
Urine after 4 hs 35.25 - 66.50 99.96 0.7
Urine after 6 hs 6.15-19.75 99.95 05
Using [ Cr (NH3), (SCN), 1%
Pure Dz solution 0.83-91.50 100.02 0.7
Alzil tablets * (5 mg Dz / tablet) 1.25-85.25 100.04 05
Aricept tablets’ (10 mg Dz / tablet) 3.50 - 86.50 100.05 0.6
Urine after 2 hs 18.56 - 58.25 100.03 0.6
Urine after 4 hs 35.25 - 66.50 100.06 05
Urine after 6 hs 6.15-19.75 100.01 0.7
Using [ Co(NO)s 1>
Pure Dz solution 0.83-91.50 99.94 0.6
Alzil tablets ® (5 mg Dz / tablet) 1.25-85.25 99.95 05
Aricept tablets® (10 mg Dz / tablet) 3.50 - 86.50 99.93 0.9
Urine after 2 hs 18.56 - 58.25 99.92 0.8
Urine after 4 hs 35.25 - 66.50 99.96 0.7
Urine after 6 hs 6.15- 19.75 99.96 0.7

RSD : Relative Sandard Deviation (sex determinations) * By |ICP-AES ** By AAS; @ Brand Intas PharmaceuticalsLtd., (Gujarat,

| ndla), b Eisai Co.,, Ltd., (Japan).
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teristic curvesbreak at amolecular ratio ([Dz] /[x]™)
of about 2, confirmingtheformationof 2:1(Dz: x%)ion
associatesbut inthe case of thereineckate anionwhere
the curve exhibitsasharp break at the 1:1 molecul ar
ratio and in the case of [Co(NO,) ]* anion the curve
exhibitsasharp break at the 3 :1 molecular ratio. The
results obta ned coincidewiththedementd andysisof
the precipitated ion- associates.

Theoptimum pH andionic strengthvaues(TABLE
3) havebeen e ucidated by determining the solubility of
theion-associatesin HCI-NaOH solutions of different
pH valuesandionic strengths. The best werethose ex-
hibitinglowest solubility vaues.

Analytical deter mination of donepezil in aqueous
solutions, phar maceutical preparationsand urine
samples

Donepezil HCl wasdetermined precisely and ac-
curately in agueous solutions at their optimum condi-
tionsof pH andionic strength (TABLE 4), inpharma-
ceutica preparationsand urinesamplesusing the present
method. Theresultsgivenin Table4 reved that recov-
erieswerein therange 98.91 - 100.06 %, reflecting
thehighaccuracy in additionto thehigh precisionindi-
cated by thevery low values of therel ative standard
deviation.

Generdly, the present method isasgood asthose
reported beforewhere, 0.83 - 91.50 ug mL* solutions
of Donepezil using [Cd(SCN),]*, [Co(SCN),]*,
[Co(NO,)]* and [Cr(NH,),(SCN) ] was deter-
mined, respectively, which meansthat thismethodis
applicable over awider concentration rangethan that
of the previoudly reported Spectrophotometric meth-
odg'" 227 where Donepezil was determined in the
ranges 2 — 35, 2-14, 5-25 and 1-30 ng mL?, respec-
tively and RP-HPL.C method? inwhich Donepezil was
determined intherange 50-150 ugmL™.

In pharmaceutica analysisitisimportant totest the
selectivity toward the excipiencesand thefillersadded
to the pharmaceutical preparations. Fortunately, such
materialsmostly do not interfere. Itisclear fromthe
results obtai ned for the pharmaceutical preparations
(TABLE4) that these excipiencesdo not interfere.

Inorder to establish whether the proposed method
exhibitsany fixed or proportiona bias, asmplelinear
regression®™ of observed drug concentration against

—— Fyll Peper

thetheoretica vaues(fivepoints) wasca culated. The
student‘st-test!* (at 95% confidencelevel) was ap-
plied to thed opeof theregression linewhich showed
that it did not differ Sgnificantly fromtheidea 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 becons dered satisfactory at least
for thelevel of concentrationsexamined.

CONCLUSION

The present method isas good asthose reported
before where, 0.83 - 91.50 pg mL™* solution of
Donepezil using [Cd(SCN),]*, [Co(SCN),]*,
[Co(NO,) J* and [Cr(NH,),(SCN),]* were deter-
mined, respectively, which meansthat thismethodis
applicable over awider concentration rangethan that
of the previoudly reported Spectrophotometric meth-
0dg'"%>21 where Donepezil was determined in the
ranges 2 — 35, 2-14, 5-25 and 1-30 ug mL 2, respec-
tively and RP-HPL C method® inwhich Donepezil was
determined in the range 50-150 pg mL™.

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