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ABSTRACT

Ketoconazol (KC) and trimetazidine hydrochlorideMI) react with tetraiodobismuthate to give ion-paiomplexes. The ion pairs are readily extractabieli 2-
dichloroethane to give a reddish orange colour witximum absorption at 491nm that can be used diantitative spectrophotometric analysis. By appima of the
methods of Sommer and Job involving non-equimalartisns, the conditional stability constant (log }éf the KC-Bijion pair (1:1) at the optimum pH of 2.5 and 0.075 M
Kl, was found to be 5.81. The mean recoveries tdithentic samples of KC and TMH were 99.98 +0.39 400.05 +0.51%, respectively. Alternatively, detmation of the
bismuth content of the ion pairs via atomic absiorpspectrometry (AAS) provides an indirect metfowdhe determination of these drugs. The meanveges were 99.83
+ 0.71 and 99.92 + 0.78% for KC and TMH, respediveBoth methods were applied for the analysis ledirmaceutical preparations and the results obtairzed
comparable to the reported methods.

Keywords: Tetraiodobismuthate, Ketoconazole, Trimetazidipérochloride, lon pairs, Spectrophotometry, Atowtisorption spectrometry.

INTRODUCTION

Ketoconazole(KC) , [(¢) -cis-1-acetyl-4- (4-{ [24@- dichlorophenyl) -2- (1H- imidazole - 1-ylmgth -1,3-dioxolan-4-yllmethoxy}phenyl)
piperazine] ( Scheme 1a), is an imidazole derieatiith a wide antifungal spectrum and possesse soribacterial activity is widely used in the
treatment of dermal and systemic mycoses. Ketmua presents advantage over other imidazoleatames in sustaining adequate blood levels
following oral administration [1-3].
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Several analytical methods have been developeduantitative determination of ketoconazole, inahgdpotentiometry[4-5] ultraviolet (UV), visible
spectrophotometry and colorimetry [6-14], spectrofimetry [14],HPTLC [15] chiral subcritical-fluid¢hromatography [16], ketoconazole ion
selective electrode [17] capillary electrophoresith diode array detection[18], high performanaguid chromatography (HPLC) using different
detection modes [8,19-22] electrochemical deted@28424] stripping voltametric and polarographichriques [25-26].

Trimetazidine hydrochloride (TMH); 1-[(2,3,4-trinetxyphenyl)methyl] piperazine dihydrochloride (Seteelb)is a clinically effective antianginal
agent that has been used in the prophylaxis an@geament of angina pectoris, and in ischemia ofosamsorial tissues as in Meniere’s disease [27].
The antianginal efficacy of TMH is comparable togmanolol but it does not reduce cardiac rate—pregsroduct or coronary blood flow [28].
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Due to trimetazidine physiological significanceerth is much interest in its determination of phameodical quality control. Hence it attracted the
attention of pharmaceutical analysts [29].Severathwds have been reported for the determinatiomima&tazidine dihydrochloride in bulk and in
pharmaceutical preparation; these methods includectdUV measurement, spectrophotometry [30-351gpiaorimetry [31]. Chromatographic
methods were also reported, RP-HPLC assay metl36d39], stability indicating HPTLC [40], cyclic arstjuare wave voltametry in bulk drug, tablet
and urine [41] and slow injection chemiluminescef#.The present work describes, for the firstajrithe analytical aspects of the reaction between
KC and TMH with tetraiodobismuthate (Bil4). The tmed was based on the formation of ion-pair com@exthe validation of a new
spectrophotometric method for the determinatiodH assay in pharmaceutical forms is the aim of study, thus selective and sensitive methods
for the determination of these compounds have Heeised.
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MATERIALS AND METHODS

Apparatus

A Shimadzu UV-1601 spectrophotometer with quartiiscef 1-cm optical path length and a Perkin-ElnferAnalyst 100 atomic-absorption
spectrometer equipped with a bismuth hallow catHad® were used. A HI 9321 Hanna Microprocessompéter with a combined glass-saturated
calomel electrode was also used.

Materials and Reagents

All solutions were prepared with analytical-reaggrade chemicals and bidistilled water was use@ Stodied drugs were of pharmaceutical grade.
Ketoconazole (Janssen Pharmaceutical, Beerse,uB®lgand trimetazidine hydrochloride (Servier Egypdustries Limited, under Licence of les
Laboratories Servier, France), were obtained fioenmanufacturer.

Standard bismuth (lll) solution, 0.02 M, was preghby dissolving 0.9702 g of Bi (NR.5H,O (Merck) in 2 mLof concentrated HNOand adding
distilled water to 100 mL and standardized compteswically [43].

Potassium iodide solution 1 M was prepared by tligsp 16.66 g of KI (Merck) in 100 mL of water. $mions of lower concentration were obtained
by accurate dilution of this solution with water.

Preparation of standard sample solutions
Ketoconazole stock solution was prepared by digsgls0 mg of the drug in 20 mL of 0.1 M HCI and qaeted to 100 mL with water.

Trimetazidine hydrochloride stock solution was el by dissolving 50 mg of the drug salt in 100 ofiwater. Other dilute solution (100 pg ML
of each drug was made by accurate dilution withewat

Recommended procedure

Spectrophotometric method

The mixture of 3.0 mL (2 x TOM) of Bi (lll) nitrate and 2.5mL (0.3 M) of KI werplaced in 75 mL separatory funnel. Three mL efdrug solution
containing 25-300 pug were added and the pH wasstatjuo 2.5 by adding an appropriate amount of K&did HNQ (0.2M). The solution was
completed to 10 mL with water, then 5 mL of 1,2etdoroethane and 0.5 mL acetone were added anceisifak 1 min. The organic layer was
separated and filtered through a filter paper #)@nd measured at 491 nm against a reagent bfapkned and treated similarly.

Atomic-absorption method

The organic layers of the above method were allotwattyness on a water bath and the residues vieselded in 1 mL of DMF and completed to 5
mL with water in calibrated flasks. The solutionsre/then aspirated into the flame using a hallotvazie lamp of bismuth at wavelength= 223.1 nm,
lamp current: 10 mA and slit width = 0.2 mm with@n' acetylene flame. The atomic absorption ofrhith in the DMF-aqueous solution is measured.
The concentrations of the tested drugs were catmifaom the relevant calibration graph of reg@ssquation.

Assay of pharmaceutical preparation

Analysis of Nizoral tablets or cream (ketoconazole)

An accurately weighed amount of cream or powdeabiets equivalent to 50 mg of drug was transfetoed 100 mL volumetric flask and extracted
with 20 mL 0.I M HC1 for 10 min and diluted with teg. The mixture was filtered through a filter paf®. 4) and washed with water. The filtrate and
washings were collected in a 100-mL calibratedkflaisd diluted to volume with water. A volume of théer solution was diluted with water to obtain
a solution equivalent to 100 pg fhbf drug and then subjected to analysis by themeesended procedure.

Analysis of Vastarel tablets ( trimetazidine hydro&loride)
An accurately weighed amount of the finely powdetaolets equivalent to 50 mg of the drug salt wasdferred to a 100 mL volumetric flask and
extracted with water, filtered through a filter papwashed with water and then continued as above.

RESULTS AND DISCUSSION

Tetraiodobismuthate (B)f compounds have been used as reagents for thendle&ion of some nitrogenous drugs [43-47]. Therfation of the ion
pair between the tertiary amine of piperazine ohthe drug and Bil binary complex occurs via the protonated nitrogem of the drug.

On mixing aqueous solutions of Bdomplex and KC or TMH in an acidic medium, a retidisange precipitate appears that is attributedeadon pair
formed in the reaction.

Spectral characteristics

The absorption spectrum of the ion- pair compleketbconazole or trimetazidine with tetraiodobishaté, binary complex in 1, 2-dichloroethane
exhibits absorption maximum at 491 nm, which casrdfore be used as the wavelength for the analyd&@rminations. The reagent blank at this
wavelength has a low absorbance; all measurementsperformed against a reagent blank.

Effect of organic phase

Extraction of both tetraiodobismuthate binary coempdnd ion-pair complex has been investigated gudifferent solvents. Ketones and particularly
methylisobutylketone which extract the salt butobidmuthic acid interfered by being extracted als i the other hand, slightly polar solvents such
as chloroform, dichloromethane and 1,2-dichloroe¢hanly extract the ion pair of KC or TMH. Amongete last solvents, 1,2-dichloroethane was
chosen as the extraction solvent because of itsehigfficiency and considerably lower extractiorligbfor the reagent blank. Addition of a small
amount of acetone proved to be useful: the colotansity of the analyte and the reagent blank as@d with increase percentages of acetone in the
aqueous phase, although the differences betweandhminished. The ratio adopted in this study wasgs< 5% (v/v) acetone-water.

Effect of pH

Fig. | shows the results obtained when varying pHtlie aqueous phase within the range 1.5 to 4.%HA> 3, there is a decrease in the extraction
yield with increasing pH, probably because of giation of bismuth as hydroxo-species. The absarbat\n.x (491nm) remains constant in the pH
range 2-3. The pH of the solution at 2.5 was setkfiir the drug determination.

As the shape of the absorption maximum does ngtwah pH, so it is assumed that only one typeoof pair is formed at this pH range. The use of a

suitable buffer solution is not useful due to thetfthat the presence of any foreign substanckeeirbuffer solution could interfere with the ion-pai
complex, then 0.2 M of KOH or HNQwas used to adjust the pH of the solution.
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Fig. 1 Effect of pH on Bil4- ion-pair formation complexes with KC and TMH in 1,2-dichloroethane.[Drugprg. =35 pg mL-1, [Bi(lll)]aq. =6x10-
4 M, [Kllag. =0.075 M, pH= 2.5,A=491 nm.
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Fig.2 Effect of KI (A) and Bi(lll) nitrate (B) conc entrations on Bil4-- ion-pair formation complexes vith KC and TMH in1,2-
dichloroethane.[Drug]org. =35 pg mL-1, [Bi(lll)Jag=6x10-4 M (A), [Kl]ag. =0.075 M (B), pH= 2.5)=491 nm.
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Optimum conditions for drug determination

Fig.2 (A) shows the influence of the iodide concatidn on the ion-pair extraction at a constantemtration of bismuth. At the bismuth concentration
used, 6 x 10M, the iodide concentration of 0.06 to 0.09 M ie #queous phase (10mL), was required to obtaimtnémum absorption values, then
0.075 M Kl was chosen. As shown in Fig. 2 (B), tbe pair was optimally extracted at a bismuth comegion of 6 x 1d M, above which the
extraction efficiency slightly decreased. Dragemfideagent solutions should not be used due toibegation of iodine after a short time, which
interferes with the determination of the drug. Tésorable sequence addition of the reagents isuifsifill)-KI-drug for the highest colour intensity.

The formation of ion pairs is rapid and the abspndeareadings of the 1, 2-dichloroethane extracth@fissociates were constant after 10 min and were
stable for at least 4 h. Shaking time ranging ffbBto 5.0 min did not produce any change in coiotansity, and so 1 min shaking time was selected.

Consequently, the yield of a single extraction vithnL of 1,2-dichloroethane in optimal conditionishaan organic: aqueous phase of 1:2 is practically

100%. Acetone was considered to be an ideal dilioerthe extraction process, as it increases thraetion efficiency. The intensity of ion-pair extt
was stable within the temperature range 20-40°€h tbom temperature, 25 + 1°C was used.
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Fig. 3 Job,s curve plots of equimolar solutions foBil4- ion-pairs with KC and TMH in1,2-dichloroetha ne. Total molar concentration =2 x10-4

M, pH=2.5, [KI] =0.075 M, 2= 491 nm
Effect of foreign materials
No significant interference was observed from tkeigients commonly used in the drug formulations;hsas talc powder, starch, lactose, glucose,
cellulose and magnesium stearate. It was foundhiestbove excipients at levels as high as 100e®tetss had no effect on the absorbance of the ion-
pair complexes. Each drug for this study was dispérand used as a single component (tablets angr8a the assay in presence of other drugs is not
necessary.

Stoichiometry of the ion-pair

The composition of the (B drug ion pair, was investigated by applying Jobéthod of continuous variation [48].The aqueougydroncentration
and Bi(lll) nitrate solutions were 1xfOM. Nine solutions were prepared containing drugd Bi(lll) nitrate in various molar ratios so thaieir volume
always amounted to 2 mL with addition of 2.5 mL3(04) KI and adjusting pH to 2.5. The mixture wasngeted to 10 mL with water and 0.5mL of
acetone. The extraction was performed with 10 m2;dichloroethane and the absorbance was measu#&d am. The plot reaches maximum value
at a mole fraction Xa.x= 0.5 (Fig. 3) indicating the formation of 1: Inipair complex for the two drugs (KC and TMH).

In order to determine the stoichiometry of the ji@ir of TMH (as example) within the aqueous ph#se solid precipitate was obtained, then filtered,
washed and dried to constant weight, it shows disecbrange colour and melting point at 162(m.p. of TMH = 225-228C). The content of C, H, N
and Cl are directly obtained through an elementaugiyzer. The content of bismuth is determined BB Arom its dissolution in 20% (v/v) DMF-
water; a calibration line prepared from a standsofiition of bismuth is used for this aim. The reswf analysis were the following: calculated:
17.09% C, 2.36% H, 2.85% N and 21.24% Bi, found2@% C, 2.50% H, 3.10%N and 21.00% Bi, there igvidence on the presence of Cl in the
TMH ion-pair salt. The agreements between the icalyand calculated results indicate that the sstggl formula as follow: £H,3N.Os. Bil, and
molecular weight = 983.95.

Infrared spectra of trimetazidine hydrochloride arichetazidine-tetraiodobismuthate within the rad@©0-400 criwere recorded. The IR spectra
showed that the trimetazidine - tetraiodobismutltat@plex has been formed by exchange of chloridéridrimetazidine hydrochloride for Bilion.
The broad bands at 3600 and 3490aiue to the stretching frequency of -NHttached with chloride ion of piperazine ring, &@e one band at 3430
cm*and a new band appeared at 3230" ¢MH," ion), due to formation of an ion association. Adm band at 2450 chdue to the stretching
frequency of -NF combined with Ct ion of tertiary amine of piperazine ring, has beearly disappeared in the spectra of ion-pair dermgue to the
absence of HC1, which was confirmed by elementalyars.

Conditional stability constant of the ion-pair comgex
The conditional stability constant of the KC-Bar TMH- Bil, ion-pair has been determined by applying the nietiféommer et al. [49], on the basis
of results obtained by Job's method for the contiposbf the ion pair. The following equation forllcomplex can be used for calculation of the
conditional stability constant of the ion pair,

(4/4am)

[1- Gl

where Am is a limiting absorbance at full colouvelepment and A corresponds to the concentratiadhesfon-pair complex present at equilibrium, A
and Am can be calculated from Fig. 3, where C isceatration of Bi(lll) is equal to 1x10M, the log K + SD (n = 4) of the studied drugs: &85 +
0.06 and 5.39 + 0.11 for KC and TMH, respectively.

By using Job's method of non-equimolar solutior® [for KC as example) the curves obtained fowe-fold and a ten-fold excess of reagent (Fig. 4),
gave a value of X% (Table 1); this value obtained by projecting tle@l maximum onto the abscissa and dividing it leytthial volume used in each
case (10 mL). The conditional stability constansween calculated from the equation:

9
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_ (P-1)(1-2Xmax)
" Cdrug[(1—P)Xmax—1]?

WhereP =5 or 10 and gu, = 10° M. The values of log K are presented in Table &.Values of log K from both methods are in gooccagrent
(Tablel).

S

Oo— P=](

0 ] 2 3
10°M Bi (111) nitrate, mbL
Fig. 4 Job,s curve plots of non-equimolar solutionfor KC-Bil4- ion-pair in1,2-dichloroethane. [Bi(ll 1)] =1x10-3 M, [KI] =0.075 M, pH=2.5, A=

491 nm
Table 1 Conditional stability constant of the ketoonazole-Bil, ion pair

Sommer method*
logK™ 10gK min log K'mas SD* RSD (%)
5.85 5.78 591 0.06 1.02
Job's method of non-equimolar solution*

[Drug] P Xmay logK™
2x10°* M 5 0.19 5.80
1x10*°M 10 0.12 5.82

Mean 5.81

*Conditions: pH = 2.5; [KI] = 0.075 M; temperature 25 +0.5°C
* % n =4

Indirect AAS Determination of Drug

The reaction under investigation is suitable fatiiact determination of KC and TMH by atomic absmmp spectrometry (AAS). The drug associate
with Bil’4 in 20% (v/v) DMF-water was directly aspirated aidmized in the instrument. The absorbance recosdeddue to the bismuth that reacted
with drug. The use DMF allows for best dissolutafrthe ion-pair and gives more sensitivity for thetermination of drug at the microgram level by
AAS.

Whereas, 1,2-dichloroethane is an unsuitable sbiie@nAAS determination due to smoky flame. The 20#v) DMF-water is found to be suitable
solvent mixture for this method.

Table 2 Analytical parameters for Bil4 ion-pair formation with ketoconazole (KC) and trimetazidine hydochloride (TMH).

Specrophotometric method AAS method
Parameters KC TMH KC TMH
Amax(NM) 491 491 2231 223.1

(Bilamp)

Beer's law limits (ug mt) 5-40 5-45 8-60 6-50
Detection limit (ug mt) 0.53 0.56 2.20 1.65
Quantitation limit (g mt) 1.62 1.68 6.67 5.00
Molar absorptivity (L mof cm®) 1.17 x10 6.46x16
Sandell sensitivity (ug cif 0.046 0.053 0.337 0.221
Slope (b} 0.0222 0.0190 0.0030 0.0046
Intercept (a) -0.014 -0.001 -0.0015 -0.0040
Correlation coefficient (r) 0.9999 1.0001 0.9996 0.9993
Relative standard deviation (%, n= 0.36 0.32 0.20 0.23
Recovery=RSD(%)(n=15) 99.87+0.86 100.01+0.81 99.85+0.45 99.91+0.61
Intraday precision (n=18) 0.73 0.55 0.63 0.69
Interday precision (n=18) 0.65 0.79 0.58 0.71

®Regression equation: A= a+ b C, where C is the dragcentration (1g mL-1) and A is the absorbance.
PRelative standard deviation

Method validation
Method validation was carried out under InternagioBonference on Harmonization (ICH) guidelines\falidation of an analytical prorcedue [50].
The assay was validated with respect to lineagitguracy, precision, specificity, LOD, LOQ, robiesta and ruggedness.

10
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Linearity

Under the experimental conditions described forgddetermination, standard calibration curves for &@ TMH were constructed by plotting

absorbance versus concentration of drug. Conforwiity Beer's law was evident in the concentratiange of the final dilution cited in Table 2. The
molar absorptivity, Sandell sensitivity and theresgion equation for each drug are tabulated ifeTabThe correlation coefficients (r) were between
0.9993 and 1.0001, indicating good linearity.

Accuracy
The previously mentioned methods under linearityewepeated three times for five different concatidns of pure samples. The concentrations were
calculated from the regression equation; the reyoaed RSD (%) were calculated and grouped in Table

Precision

Precision is defined as the closeness or agredmetween independent test results obtained undenmopt conditions and is normally expressed as the
RSD (%). To measure the degree of method repeityafiiitraday precision), three different concetitras of drug were prepared and analyzed each
five times within the same day and in five sucogssiays (interday precision).

The results obtained in Table 2, show that no figant difference for the assay, which tested withiay (repeatability) and between —day
(reproducibility). The relative standard deviati®SD) was less than 1% which indicates high degfgeecision of the proposed methods.

Specificity

The specificity of the methods were investigatedobgerving any interference encountered from theneon tablet excipients such as talc, lactose,
glucose, sucrose, starch and, magnesium steataee Excipients did not interfere with the propasethods. This fact indicates good selectivity of
the methods for determination of these drugs hotlaw materials and in tablets.

Detection and quatitation limits
According to ICH recommendation [50] the approbaked on the standard deviation (SD) of the regpand the slope (b) of Beer's law was used for
determination the limit of detection (LOD =3.3 x 8f) and limit of quatitation (LOQ =10 x SD/ b). &hesults are illustrated in Table 2.

Table 3 Determination of ketoconazole and trimetaziine hydrochloride in pharmaceutical preparations wsing spectrophotometric and AAS

methods
% Recovery + SDa
Drug Dosage form Spectrophotometric Offici
icial Method
method AAS method 4, 41]
tric method '
Ketoconazole Nizoral tabletsb 99.93 +0.63 99.85+0.74 100.10 +0.92[4]
(200 mg/tab.) t=0.34 0.47 (2.306)d
F=2I3 1.55 (6.390)d
Nizoral creamb 99.98 +0.58 99.73 £ 0.69
(20 mg/g) t=0.25 0.72
F=252 1.78
Trimetazidine Vastarel tabletsc 99.91 +0.52 99.88 +0.61 99.98 +0.78 [4]]
hydrochloride (20 mg/tab.) t=0.17 0.23
F=2.25 1.64

& Mean *standard deviations of five determinaton
Nizoral tablets or cream (Jansen Pharmaceuti@sderse, Belgium).
¢ Vastarel tablets (Servier Egypt Industries Liditunder Licence of Les laboratories Servier-Frane
Values oft and F in parentheses are the theoat¢tvalues at p = 0.05

b

Table 4 Recovery data obtained by standard additiomethod for ketoconazole and trimetazidine hydrochdride in pharmaceutical
preparations using spectrophotometric and AAS methds

Dru Dosage Spectrophotometric method AAS method
9 form Taken Added Found+SD Recovery+ Found+SD Recovery+
(ngmL?) (kg mLh RSD% RSD%
Nizoral 20 10 29.82+0.10 99.40+0.34 29.7310.18 99.10+0.61
Ketoconazole tabletsb 20 15 35.05+0.18 100.14+0.51 34.80+0.23 99.40+0.66
(200 mgftab.) 20 20 39.80+0.31 99,50+0.78 40.04+0.21 100.10+0.52
Nizoral 20 10 30.03+0.21 100.10+0.70 29.91+0.16 99.70+0.53
creamb 20 15 34.70+0.32 99.14+0.92 35.05+0.20 100.14+0.57
(20 mg/g) 20 20 40.02+0.27 100.05+0.67 39.87+0.33 99.68+0.83
Vastarel 20 10 30.08+0.16 100.27+0.53 29.85+0.13 99.50+0.43
Trimetazidine  tabletsc 20 15 34.781+0.19 99.37+0.54 35.0610.27 100.17+0.77
hydrochloride (20 mgftab.) 20 20 40.08+0.24 100.20+0.60 39.82+0.33 99.55+0.83

& Mean tstandard deviations of five determinasion
Nizoral tablets or cream (Jansen PharmaceutiBalerse, Belgium).
¢ Vastarel tablets (Servier Egypt Industries Leditunder Licence of Les laboratories Servier-Fenc

b

Robustness and ruggedness of the methods

The robustness of the spectrophotometric or ateméctrometry method is demonstrated by the congtainihie absorption intensity with deliberated
minor change in the experimental parameters su¢heashange in the volume of Bi(lll)nitrate and (£10.2 mL) and pH of solution (+0.2). These
minor changes that may take place during the exyerial operation did not affect the absorptionrnistly of the reaction product, illustrating the
robustness of the method.

The ruggedness of the proposed methods was evélbgtapplying the developed method to the assdgGbr TMH using the same instrument by
two different analysts under optimized conditionsdifferent days. Since there were no significaffetences between the results obtained by the two

11
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analysts, the proposed methods may be considegeedu

Analytical application

Both methods were further applied to the deterrionadf the investigated drugs in their pharmaceliticeparations. The results were compared with
those obtained by the reported methods [22, 3@}isital comparison for the results of the proploaed reported methods (Table 3) was performed
with regard to accuracy and precision using thel&itis-t and F-ratio tests. At 95% confidence lethed calculated t-and F-values do not exceed the
theoretical values, indicating that there is nonsigant difference between the proposed and tip®rted methods with regard to accuracy and
precision.

Recoveries tested were determined by adding stdrdtag to the pre-analyzed mixture of tablets eaor. Spiked drug tablets or cream assays were
used to determine accuracy and precision of theqsed methods for determination of drug. The resflanalysis of the commercial tablets or cream
and the recovery study (standard addition) of diftedble 4) suggested that there is no interfererara finy excipients, which are presented in taldets
cream.

CONCLUSION

The ion-pair complexes of Bilwith drug formed under the above mentioned cooditiand measured spectrophotometrically or AAS aféer a
sensitive, simple, cheap and rapid procedure ferdatermination of KC and TMH in bulk, tablets anams dosage forms, without fear of
interferences caused by the excipients expectée faresent in tablets or cream. From the calculaifcstability constants of the ion-pair complexes,
were found to be stable. The methods had beenatatidor the determination of these drugs. Thessil analysis of the results confirmed that the
developed methods were accurate and precise atdils®wecommended for use in quality control labs.
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