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Abstract

Electrochemical studies of famotidine were carried out using voltammetric techniques: cyclic voltammetry, linear sweep and square wave
adsorptive stripping voltammetry. The dependence of the current on pH, buffer concentration, nature of the buffer, and scan rate was investigate
The best results for the determination of famotidine were obtained in MOPS buffer solution at pH 6.7. This electroanalytical procedure enablec
to determine famotidine in the concentration rangel0—°~4 x 108 mol L~* by linear sweep adsorptive stripping voltammetry (LS AdSV)
and 5x 1071°-6 x 10~ mol L~* by square wave adsorptive stripping voltammetry (SW AdSV). Repeatability, precision and accuracy of the
developed methods were checked. The detection and quantification limits were found tecde01'8and 6.2x 10~ mol L~ for LS AdSV
and 4.9x 10 and 1.6x 10-*mol L~ for SW AdSV, respectively. The method was applied for the determination of famotidine in urine.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Famotidine [3-(((2-((aminoiminomethyl)amino)-4-thiaz-
olyl)-methyl)thio)dN’'-(aminosulfonyl)propanimidamide]
(Fig. 1), the third representative of the new generation
stress-ulceration inhibitors, is well-known for its excellent
histamine H blocking effect. As a specific competitive
histamine H-receptor antagonist, it inhibits the secretion
of histamine — stimulated gastric fluidd]. The drug
is applied both orally and intravenously as an infusion.
Therapeutic trials have shown that 20 mg famotidine twice
daily or 40 mg at bedtime may be an effective alternative to

Methods for the assay of famotidine in phamaceutical
dosage forms and biological materials are usually based on
high-performance liquid chromatographic (HPLC) determi-
nation with ultraviolet detectoff8—7], or tandem mass spec-
trometry[8,9]. For such applications, however, the operations
are time consuming. Other analytical methods have been lim-
ited to its spectrophotometr[@ 0], spectrofluorimetri¢10],
potentiometric[11] and high-performance thin layer chro-
matographig¢12,13]determination. So far, only three papers
have been published about the electroanalytical determina-
tion of famotidine. Famotidine was determined polarograph-
ically from the catalytic proton reduction peak-at350 mV

standard doses of cimetidine in healing duodenal ulcers. Thein Sorensen phosphate buffer (pH 7.8) by Squella ¢14].

therapeutic level in plasma is 5@ mL~1. About 15-22%

The same authors report that famotidine can be irreversibly

famotidine binds to plasma proteins and between 17 andoxidized on a glassy-carbon electrode and a method for its

30% of the drug appears unchanged in the ufje
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differential pulse voltammetric determination in pharmaceu-
tical preparations has been proposed. The peak current shows
a linear dependence with famotidine concentration between
8x 105 and 1x 103molL~! [2]. Mirceski determined
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2.2. Reagents and solutions

Fresh stock solution & 10-3molL~! of famotidine
(Merck) for voltammetric measurements was prepared daily
by dissolving a known amount of the compound in 50 mL vol-
umetric flask with addition of 0.1 mL nitric acid (65%) and
filling it up with water. This stock solution was then diluted
Fig. 1. Chemical structure of famotidine. as required. 0.2 mol ! acetate buffer was prepared by addi-
tion of sodium acetate to acetic acid. 0.2 motlammonium
buffer was prepared by addition of nitric acid (V) to ammo-
famotidine in pure solution in acidic medium (pH 2) by square njum. 0.2 mol =1 MOPS buffer was prepared by addition
wave V0|tammetl’¥|.5]. ThIS method aIIOWS to determine the of Sodium hydroxide to 3N_m0rpho|ino)propanesu|phonic
compound in the range 0f610~"-5x 10-®mol L~*. acid. Sorensen phosphate buffers were prepared using
Electrochemical methods, such as cyclic voltammetry, 9.2 mol L-1 potassium dihydrogen phosphate anhydrous salt,
linear sweep voltammetry, differential pulse voltammetry 2 mol -1 disodium hydrogen phosphate dihydrous saltand
or square wave voltammetry have been widely applied for pH was adjusted by the addition of 0.2 moltsodium hy-
the determination of compounds of pharmaceutical inter- groxide. All chemicals were analytical grade (POCh SA Gli-
est[16-18]. In general, these methods are faster, easier andyice, Poland, or Merck). All solutions were prepared with
cheaper than spectrometric and HPLC methods. The sensimmy distilled water.
tivity increases when the stripping voltammetry is employed.  The HPLC determination of famotidine involved prepar-
The purpose of this work was to develop sensitive, simple, jng stock solution of 0.1molt! famotidine made in
rapid, selective stripping voltammetric methods for the deter- methanol (HPLC-grade, Lab-Scan) and stored € 4The
mination of famotidine and to apply it to the pharmaceuticals mgpile phase used for HPLC analysis consisted of ace-
and biological materials, such as urine or human serum. Intgnitrile (HPLC-grade, Lab-Scan) and heptanesulfonic acid
the proposed method, there are no sample preparation anqa|drich) (2.5gL1) in 0.02 mol L-! sodium acetate buffer
time-consuming extraction steps other than centrifugation. (23:77). The mobile phase was adjusted to pH 4.7 with

In this study, square wave adsorption stripping voltamme- 12 mo| L~ HCl and was delivered at the rate of 1.0 mL min
try has been proposed as an alternative method to the HPLGg.

technigues in therapeutic drug monitoring.
2.3. Working voltammetric procedure

2. Experimental The general procedure used to obtain cathodic adsorp-
tive stripping voltammograms was as follows: 10 mL of the
2.1. Instrumentation supporting electrolyte (a proper amount of buffer mixed up

with water) was placed in the voltammetric cell and the so-

The experiments were performed on the microAuto- lution was purged with argon for 10 min with the stirrer on.
lab/GPES (General Purpose Electrochemical System, Ver-When an initial blank was recorded, the required volumes
sion 4.7, Eco Chemie) computer-controlled electrochemical of famotidine were added by means of a micropipette. Af-
system. A controlled growth mercury drop electrode (CG- ter forming a new mercury drop, accumulation was effected
MDE) (Entech s.c, Cracow, Poland) was used. All poten- for the required time at the pre-determined accumulation po-
tials were referred to the Ag/AgCl (3moft KCI) ref- tential whilst the solution was being stirred. At the end of
erence electrode with a KNObridge. The counter elec- accumulation period, the stirrer was switched off and af-
trode was a platinum wire. Operating conditions for linear ter 10s had elapsed to allow the solution to become qui-
sweep adsorptive stripping voltammetry (LS AdSV) were: escent, a negative-going potential scan was initiated. When
scan rate, 100mV¥; and step potential, 3mV, and for further volumes of famotidine were added, the solution was
square wave adsorptive stripping voltammetry (SW AdSV): de-oxygenated for 20 s before producing further voltammo-
pulse amplitude, 25 mV; frequency, 80 Hz; and potential step, grams. To receive well-shaped peak current of famotidine,
4mV. the blank was subtracted from the recorded famotidine peak

The HPLC system consisted of a Waters model 600 HPLC current.
pump, Rheodyne 7725i Manual and Waters 2487 dwa-
sorbance detector, reversed-phase HPLC column preceded bg.4. Working chromatographic procedure
an Alltech guard column packed with Symétrig 5pm
13.9 mmx 150 mm HPLC column. The following equipment Standard samples of famotidine were made by taking an
was also used: automatic pipettes, a pH-meter type N-517appropriate volume of stock solution and dissolving in a suit-
(Mera-Elwro, Poland), electronics scales-type MC 1 (Sarto- able quantity of the mobile phase. Standard samples of urine
rius, Germany). were prepared by adding of 2.5 mL urine, a specified amount
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of standard solution of famotidine and diluted to 5mL with
the mobile phase. Triplicate (20L) injections were made
for each solution. Calibration curve was constructed using
obtained results.

2.5. Analysis of urine

Urine (morning, mid-stream urine) was obtained daily
from a volunteer who took three times a day, every 8 hours
“Famogast” tablets containing 40 mg of famotidine was di-
luted 1:4 with water. Then, 20L of the solution was placed
in the voltammetric cell according to the general procedure
used to record voltammograms.

2.6. Determination of recovery from human serum
samples

Serum samples, obtained from healthy volunteers were
stored frozen until assay. Two different samples were pre-
pared. The first sample containing 1 mL of serum, 0.5mL
acetonitrile as serum-protein-precipitating agent was spiked
with 0.5mL of 1x 103 mol L~ famotidine solution. The
second sample instead of 0.5mL of famotidine contained
0.5 mL of water (blank). After vortex mixing for 10 min, the
mixtures were centrifuged for 10 min at 4000 rpm to separate
protein residues. Then 0.5 mL of each supernatant liquor was
transferred to two of 50 mL volumetric flasks and diluted
with water. After addition of 0.4 mL of the solution to the
9.6 mL of the supporting electrolyte in the voltammetric cell,
two voltammograms of the blank and sample with famotidine
were recorded.

Serum samples (1 mL) of a volunteer who was treated with
“Famogast” were also processed with 0.5 mL acetonitrile as
a serum-protein-precipitating agent in the medium of 0.5 mL
of water. The next procedure was analogous to the drug-free
serum samples.
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Fig. 2. Dependence of the LS AdSV peak current on pH of the MOPS buffer
and potential depositiorgam,)=1 x 10~" molL~2, ¢(ury=0.05mol L2,
tg=120s, measuring potential range from 0.3-+0.7 V.
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Fig. 3. Dependence of the LS AdSV peak current on the MOPS buffer con-
centration; pH 6.7¢fam)=1 x 10~ mol L1, t4=120s, andEq =0.22 V.

3. Results and discussion

Famotidine exhibits a special behaviour at the dropping
mercury electrode. The polarographic response is a catalytic
proton reduction process, where famotidine itself is not re-
duced/14]. As a preliminary study, we investigated the elec-
trochemical behaviour of famotidine over a wide pH range
(3.6-8.8) at a HMDE in buffered agueous media using linear
sweep adsorptive stripping voltammetry (LS AdSV). Among
the studied electrolytes were Sorensen phosphate, acetate,
ammonium and MOPS buffers. For analytical purposes, the
best response (with regard to peak current sensitivity and
morphology) was obtained with a MOPS bulffer.

Cyclic voltammetric measurements performed on
1 x 10~>mol L~1 famotidine showed the irreversible nature
of the peak atabout1.4 V in the range of scan rates between
5 and 1000 mVsl. The cathodic peaks at about 0.2V are
connected with formation of less-soluble complexes of
self-oxides mercury with famotidine.

The effect of the potential scan rate between 5 and
1000 mV s! on the potential and the peak current was eval-
uated. The linear increase in the reduction peak current with

Fig. 4. Dependence of the LS AdSV peak current on deposition time,
Cfam) =1 x 107" mol L1, cpury =0.02mol L=t andEg=0.22 V.
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Table 1

Quantitative determination of famotidine in 0.02 mof'LtMOPS buffer pH

6.7 by linear sweep adsorptive stripping voltammetry (LS AdSV) and square
wave adsorptive stripping voltammetry (SW AdSV)

LS AdSV SW AdSV
Linear concentration range 1-40 0.5-60
(nM)
Slope of calibration graph 3 6
(nAnM~1)
R.S.D. of slope (%) 17 2
Intercept (nA) 0.25 20.72
R.S.D. of intercept (%) 19 9
Correlation coefficient;, 0.987 0.997
Number of measurements 3 3
LOD (molL~1) 1.8x 10710 49x 1011
LOQ (molL~1) 6.2x 10710 1.6x 10710

1149

2(FH)ads— 2F + Hy

where F is famotidine and ads indicates adsorption. The CV
results prove that the protonated form of famotidine is the
electroactive species.
The influences of the deposition potential and pH of
MOPS buffer on the famotidine peak currentgfc=1
x 10~"molL~1) was studied by linear sweep cathodic
adsorptive stripping voltammetry. The best results were
recorded at pH 6.7, deposition potentil=0.22 V (Fig. 2).
The dependence of the peak current on scan rate was also
investigated and the scan rate 100 mV svas selected for
further experiments. The influence of buffer concentration in
the range 0.002—-0.1 molt at constant pH 6.7 was stated

The repeatability of the procedure was assessed on the basis of three mea(F'g- 3)-

surements by LS AdSV and three measurements by SW AdSV at the same

famotidine concentration. Repeatability of the catalytic peak current at var-
ious famotidine concentrations is shownTiable 2.

the square root of the scan rate (correlation coefficient 0.994)
showed the diffusion control process. A 133 mV negative
shift in the peak potential was observed, which confirms the
irreversibility of the process. A plot of logarithm of peak cur-
rent versus logarithm of scan rate gave a straight line with a
slope of 0.76 (correlation coefficient 0.999). The values 1.0
and 0.5 are expected for adsorption-controlled and diffusion-
controlled reactions, respectivel¥8]. The received results
do not exclude the mechanism postulated by SqUigfth

F+ HM—> FHY

FHT — (FH")ads

The buffer concentration 0.02moft was chosen
as the optimal. Variation of the deposition time for
1x 10~ " mol L~! famotidine showed that the peak current
increased with the accumulation time and reached plateau
after a period longer than 350 s (Fig. 4). The deposition time,
240 s, was chosen for further experiments as it combines good
sensitivity and relatively short analysis time.

3.1. Quantitative studies

The applicability of the LS AdSV as an analytical method
for the determination of famotidine was tested as a function
ofits concentration in the ranged10~9-1 x 10~ mol L.
Square wave adsorptive stripping voltammetry method as one
of the most selective and sensitive was developed also for
quantitative determination. The analytical characteristics of
both methods are summarizedTable 1. Detection limits

ads+ e — (FH)ads (FHY) (LOD) and quantification limits (LOQ) of the procedures
Table 2
Repeatability of the famotidine current at various famotidine concentrations
Concentration of LS AdSV SW AdSV
famotidine (ni) Peak current (average R.S.D. of the peak Peak current (average R.S.D. of the peak
of three) (nA) current (%) of three) (nA) current (%)

0.5 - - 62 6

1 22 23 2.6 4

4 12.9 16 4.2 3

8 26 2 6.2 0.4
10 29 16 84.9 8
20 72.7 7 140.7 2
Precision and accuracy of the method were investigated by determination of famotidine at three different concentrations in the linear range. Results are presented
in Table 3.
Table 3
Accuracy and precision obtained by LS AdSV and SW AdSV
Added nM Found (nM) Precision R.S.D. (%) Accuracy (%)

LS AdSVn=10 SW AdSVn=10 LS AdSV SW AdSV LS AdSV SW AdSV

4 4.1840.49 3.85+0.29 13 8 4.47 —4.00

8 820+0.48 8.15+0.18 6 3 2.50 1.75
20 20.26+1.04 20.13+0.62 7 4 1.29 0.65

2 Accuracy = [(found—added)/added]100%.
b t(S/n1/2), p=95%.
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0.92x10°] 3.2. Analytical application

The possibility of applying SW AdSV method to determi-
nation of famotidine in urine and human serumwas also tested
by the method of standard addition. The urine and serum were
obtained from the volunteer who was cured with famotidine.
Fig. 5b shows typical SW AdSV voltammograms of famo-
tidine in diluted urine. Sometimes voltammetric techniques
can pose difficulties in the analysis of biological fluids, which
contain reducing substances. As can be seé&ignb, no re-
duction of compounds present in the urine occurs where the
analytical peak appears.

The variation of the peak current versus famotidine con-
centration (nM) is represented by the straight-line equation
I (nA)=3.7x c (nM) +268.3 (R.S.D. of slope 15%, R.S.D.
of intercept 2%). The HPLC methd8] was chosen as the
analytical reference method in SW AdSV determination of
famotidine in urine. The same diluted urine was studied by
y both methods (Figs. 5 and 6).

-0.32x10°° F——v T T r r The SW AdSV results were statistically estimated by
138 141 -143 146 148 151 158 means of the-test of significant. Results (after taking ac-
Potential, v count of dilution) are presented Trable 4.

-0.82x10°6 4

-0.72x10°6 4

-0.62x10°6

Current, A

-0.52x10°¢4

-0.42x10°° 4

Fig. 5. Square wave adsorptive stripping voltammograms obtained for de-

termination of famotidine in diluted urine samples: (a) blank; (b) sample of

urine; (c) as (b) + & 10 8molL~1; (d) as (b) + 2« 10 8molL ~1; (e) as

(b) +3 x 108 mol L~1; (f) as (b) + 4x 10~ mol L ~%; 0.02 mol L MOPS Table 4

buffer, pH 6.7 Eq=0.22V andtq = 240s. Determination of famotidine in urine by SW AdSV and HPLC methods,
n=3

were calculated from the peak current by use of the equationsMethod Concentration R.S.D.(%)  Studentstest of
LOD =3 s/mand LOQ = 1Gs/m, wheres, the noise estimate, (molL™) significance

is the standard deviation of the peak currents of the sampleSWAdSV 1.69x 1073 2 t-calculated: 0.386
andmis the slope of the calibration curve (Tables 2 and 3). HPLC 1.35x 107 2 ttheoretical: 2.78
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Fig. 6. Chromatogram of famotidine (a) in patient’s diluted urine sample, and (b) as (a) + 2.7 nmol of famotidine.
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