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Abstract: By using different spectrophotometric methods, it was found that famotidine and
palladium(II) ions form a complex, Pd(II) : famotidine = 1:1, which has an absorption maxi-
mum at 345 nm. The formation of the complex between famotidine and palladium(II) chlo-
ride in Britton—Robinson buffer solution in the pH range 2.23—-8.50 was studied. The condi-
tional stability constant of the complex at the optimum pH 2.62 and ionic strength 0.5 M was
found to be log K'=3.742 £ 0.025. The Beer’s law was verified over the famotidine concen-
tration range from 5x1075 —6x10™ M. The proposed method was found to be suitable for ac-
curate and sensitive analysis of famotidine both as the substance (RSD = 1.02—1.80 %) and
its dosage forms (RSD = 1.75-1.83 %)).

Keywords: famotidine, palladium(II) chloride, complexometry, spectrophotometry, drug de-
termination.

INTRODUCTION

Famotidine, (NV’-[aminosulfonyl]-3-[(2-[diaminomethyleneamino]-4-thiazolyl)me-
thylthio]-propanamidine), is an antagonist of histamine at Hy-receptor sites and an ef-
fective inhibitor of gastric acid secretion introduced for the treatment of peptic ulcers
and related disorders. Numerous analytical methods have been developed for the
quantitative assay of famotidine, including spectrophotometry,!-¢ liquid chromatogra-
phy,”~10 and polarography.!!

In previous investigations, a potentiometric method for the determination of
famotidine in aqueous solutions and pharmaceutical dosage forms was developed.!2
Famotidine is titrated with a solution of palladium(II) chloride in Britton—Robinson
buffer at pH 3.60, using a silver indicator electrode. A significant potential jump ap-
pears when the stoichiometric ratio of palladium(II) to famotidine is 1:1.

* Author for correspondence.
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Pd(II) and Pt(II) derivatives of famotidine have been synthesized and studied
structurally. It was shown that the palladium complex is a monomer while the platinum
complex forms a dimer.!3

The present work is part of investigations of the complex formation of famotidine
with palladium(II) ions and on its application to the assay of famotidine in pharmaceu-
tical formulations.

EXPERIMENTAL

Apparatus

Spectrophotometric measurements were performed on a GBS (Australia), UV-VIS, model Cintra
20 double-beam spectrophotometer using matched 10 mm quartz cells. A radiometer PHM 62 standard
pH meter, calibrated with standard buffer solutions, was used for pH-measurements.

Reagents

Famotidine standard substance (Alkaloid, Skopje) p.a. and palladium(II) chloride (p.a., Merck)
were used. Famosan® tablets (Alkaloid, Skopje): 40 mg of famotidine/tablet. Lecidil® tablets (Zdravlje,
Leskovac): 20 mg of famotidine/tablet. All other chemicals were of analytical-grade purity (Merck).
Double-distilled water was used.

Solutions

A standard palladium(II) chloride solution (2.08x10"2 M) was prepared as described previously, 2
and then standardized gravimetrically.!#

Britton—Robinson buffer solutions'> covering the pH range 2.23-8.50 were prepared by mixing
0.04 M phosphoric, boric and acetic acid with the appropriate volume of 0.2 M sodium hydroxide and
sufficient 2 M potassium chloride to bring the ionic strength to 0.2 M.

A standard solution of famotidine (5x10-3 M) was obtained by dissolving the corresponding
amount of pure substance in 102 M NaOH.

Procedure for calibration curve

Palladium(1I) chloride standard solution (0.50 ml) and potassium chloride (2.50 ml) were pippe-
tted into a 10 ml volumetric flask and an aliquot (0.10—1.20 ml) of 5x10-3 M famotidine was added. The
pH was adjusted by adding 5.00 ml of Britton—Robinson buffer pH 2.62 and the solution was diluted to
volume with water. The absorbance at 345 nm was measured after 5 min against a reagent blank. All
measurements were made at room temperature (25.0 + 0.5 °C).

Procedure for the determination of famotidine in pharmaceutical formulations

Twenty tablets were weighed and powdered.!® The amount containing approximately as much as
required for the preparation of 5x10- M of famotidine was weighed and dissolved in 5 ml 102 M NaOH.
The thus prepared solution was filtered and the filtrate was made up to 50 ml with water. An aliquot (0.7
ml) of this solution was treated by the same procedure as described for the calibration curve.

RESULTS AND DISCUSSION

The properties of the complex

The reaction of famotidine (FAM) with palladium(II) chloride in the presence of
potassium chloride was investigated over the pH range 2.23—8.50 in Britton—Robinson
buffer solutions. The absorption spectra were recorded over the wavelength range
300-450 nm. It was found that famotidine with palladium(II) chloride formed a yel-
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low, water-soluble complex. The complex gave an absorption peak at 345 nm (Fig. 1,
curve 3), which was used for the analytical determination. Under the same conditions,
famotidine does not absorb significantly over the investigation wavelength range (Fig.
1, curve 1). However, since palladium(II) chloride does absorb at the wavelength of
maximum absorbance of the complex (Fig. 1, curve 2), all measurements were per-
formed against a reagent blank with a correction for the cell blank as appropriate.

TABLE L. Conditional stability constant of the famotidine-palladium(IT) complex*

Sommer’s method

log K’ SD Sx RSD/%
3.767 (N=3) 0.0396 0.0228 1.05
Asmus’s method
log K’ Aext Ay
3.717 0.105 0.095

*Conditions: pH 2.62 £ 0.05; u = 0.50 M; temperature =25 + 0.5 °C; SD = standard deviation; RSD = relative
standard deviation

The pH of the reaction mixture had a considerable influence on the absorbance of
the complex, except in the pH range 2.23-4.50, where the absorbance stays constant
(Fig. 2); this fact indicates that in this pH range one type of complex is formed. With
further increase of the pH, the solution becomes turbid.

An ivestigation of the effects of the palladium(II) chloride concentration on the
formation of the famotidine-Pd(II) complex showed that least a two-fold mole ratio of
reagent to analyte is necessary for maximum complex formation. The ionic strength
(0.10-0.90 M) has little influence on the course of the reaction. Full color development
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Fig. 2. The effect of pH on complex for-

L L mation. c(FAM) = 4x10* M; ¢(PdCl,)
350.0 400.0 nm =8x10™ M; i = 0.50 M.

was observed after five minutes and the absorbance remained unchanged for up to 60

minutes.

The composition of the complex and conditional stability constant

The stoichiometric ratio of famotidine to palladium(II) chloride in the complex
was determined by the Job method of equimolar solutions.!7-18 The curve displayed a
maximum at a molar fraction of Xj,,x = 0.5, which indicated the formation ofa 1 : 1
complex (Fig. 3). By using the mole ratio method, ! at constant famotidine concentra-
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tion (2.5 x 10~4 M) and varying palladium(II) concentration 6.25x10~5 —7.5x104 M,
a sharp band was observed at the mole ratio famotidine : Pd(Il) = 1 : 1 (Fig. 4). The re-
sults obtained by this method confirmed that the mole ratio famotidine : Pd(Il) in the
complex was 1 : 1.

By applying Sommer’s20 and Asmus’s2! methods, on the basis of data obtained
with Job’s curve of equimolar solutions (Fig. 3), the conditional stability constant has
been determined (Table I). The mean values of log K’ obtained by two different meth-
ods (log K’=3.742 £+ 0.025) are in good agreement.

Quantification and application to dosage forms

A linear relationship between the absorbance and the concentration of famotidine
was obtained over the range 5x10~> — 6x104 M. The regression equation was y =
0.20832x — 0.00288 and the correlation coefficient » = 0.999 (n = 7), indicating good
linearity. The detection limit of the method was found to be 3.37 pug ml-L.
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Fig. 4. Mole ratio method. ¢(FAM) = 2.5x10# M; ¢(Pd(IT)) = 6.25x105 — 7.5x10* M.

The reliability of the method was checked at three different concentrations and the
results are summarized in Table II. The relative standard deviation varied from 1.02 to
1.80 % for concentrations of famotidine 0.506—1.181 mg.

Analysis of pharmaceuticals

When the proposed method was applied to the determination of famotidine in
Famosan® and Lecidil® tablets (Table II), the relative standard deviation varied from
1.75-1.83 %, which indicates the applicability of the assay to dosage form. The values
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of the RSD were in almost the same range as for the pure substance showing that ex-
cipients in the tablets did not interfere with the absorbance values even if present in
large excess.

TABLE II. Spectrophotometric determination of famotidine in the pure form and in tablets

Taken/mg Found/mg SD Sx RSD/%
0.506 0.506 0.0093 0.0035 1.80
0.844 0.845 0.0092 0.0035 1.09
1.181 1.181 0.0121 0.0045 1.02
Lecidil®; 20 mg/tabl 19.75 0.3624 0.137 1.83
Famosan®; 40 mg/tabl 39.76 0.6986 0.264 1.75
(N=17)

It is evident that the proposed spectrophotometric method, which uses palla-
dium(IT) chloride as the analytical reagent, is rapid and simple as well as accurate and
sensitive, and can be successfully applied to the determination of famotidine both as
the substance and its dosage forms.
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CIIEKTPO®OTOMETPUIJCKO UCITUTUBABLE ®PAMOTHUIMH-PA(II) KOMITJIIEKCA
N BETOBA ITPUMEHA Y AHAJIM3U IEKOBA

3ATOPKA KOPURAHAIL!, TATUTAHA JOBAHOBUWR!, JETEHA IETKOBUR? u IOPATULIA MUWHWR?
! Hnciuitiyin 3a neopzancky xemujy, @apmaveyiticku paxyaitieit, beozpao u 2 Dakyaitieiti 3a pusuuxy xemujy, beozpad

TIpyMeHOM paznInTHX CHEKTPO(OTOMETPHUjCKIX MeTOAa HabeHo je 1a (haMoTHIuH ca najna-
nujym(IT) joHOM rpaju KoMmIuieKe cacrara 1 : 1, ca MakcuMyMmoM arnicopOanimje Ha 345 um. Peakuyja
(hamoruuaa 1 nanaujym(1l) jona ncrmrTrBaHa je y Britton—Robinson-oBiM mmycepuma, y pH obnacti
2,23-8,50. Onpebena je penaTuBHa KOHCTaHTa CTAa0MIHOCTH KOMILIeKca Koja Ha pH 2,62 1 JOHCKO]
cumu 0,50 M 1 Ha co6HOj TemniepaTypu u3HocH log K’ = 3,742 + 0,025. KonneHTpanuja haMoTuiHa
on S x100 —6 x 104 M cnenu Beer-oB 3akoH. [Ipefoskena MeTosia je nmorofHa 3a 6p30 1 TauHO
onpebuBarbe (pamoTuanHa y urctoj cyncranmy (RSD = 1,02 — 1,80 %) u y o3upasuM oGammMa
(RSD=1,75-183 %).

(ITpumsbeno 12. cenrem6pa 2003, peBuaupato 19. janyapa 2004)
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