Available online at www.sciencedirect.com
JOURNAL OF
SCIENCE@DIRECT° PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

Journal of Pharmaceutical and Biomedical Analysis

ESEVI 34 (2004) 899-907

www.elsevier.com/locate/jpba

Electrochemical behavior and determination of amiloride
drug in bulk form and pharmaceutical
formulation at mercury electrodes

G.B. El-Hefnawy, I.S. El-Hallag, E.M. Ghoneim, M.M. Ghoneim

Chemistry Department, Faculty of Science, Tanta University, 31527 Tanta, Egypt
Received 11 April 2003; received in revised form 1 September 2003; accepted 2 September 2003

Abstract

The polarographic behavior of amiloride hydrochloride has been studied in Britton—Robinson buffers of pH 1.9-11. In acidic
medium at pH< 2, the dc-polarograms exhibited a single 4-electron cathodic irreversible wave, while at pH values >2, a
second two-electron irreversible cathodic wave appeared at a more negative potential. The single or first wave may be attributed
to the cleavage of the double bond of the =@HH of the imidino amide group with the release of NMVhile the second
wave may be due to the saturation of theCQCof the carboxamide moiety. A polarographic procedure of suffocate sensitivity
for the determination of bulk amiloride drug in Britton—Robinson buffer at pH 2 is described. The calibration graph was
obtained over the concentration rangé 2 10-5to 2.5 x 10~ M amiloride. The limits of detection (LOD) and quantitation
(LOQ) of the procedure werex 10-° and 33 x 10~*M bulk amiloride, respectively. Moreover, a differential-pulse adsorptive
cathodic stripping voltammetric procedure has been described to assay of the drug at lower concentration levels. The optimal
conditions wereE,c = —0.9V, 1, = 30'S, scan rate- 20 mV, pulse-height= 90 mV and Britton—Robinson buffer of pH 8.

The calibration graph was obtained over the concentration rang@@®?2to 1 x 10-M for bulk amiloride. Both procedures

were successfully applied to the determination of amiloride in tablets without the necessity for sample pretreatment or any
time-consuming extraction or evaporation steps prior to the drug analysis.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction O NH
Cl_ _N J\
Amiloride (1): [N-amidino-3,5-diamino-6-chloropy- I f‘\ﬁ NH,
razine-2-carboxamide] is a pyrazinecarbonyl-guani- HON SN NH,
dine-derivative, actiny as a potassium—sparing di-
uretic[1].
D
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exchange. Administration of amiloride increases uri-
nary excretion of sodium, bicarbonate, and calcium
with little, if any, increase in chloride excretion.
Amiloride is used for its potassium-sparing effect in
the treatment or prevention of hypokalemia induced
by thiazide or other kaliuretics in patients with conges-
tive heart failure or hypertensigf]. Use of amiloride
alone or in combination with hydrochlorothiazide has
been effective in reducing systolic and diastolic blood
pressure.

The drug has been determined in pharmaceuti-
cal preparations and biological fluids using several
methods including, spectrophotometi8~10], high
performance liquid chromatographi,11,12] flu-
orimetry [13-15] capillary isotachophoresi$l6],
chemiluminescence oxidatiofl7] and differential-
pulse polarography{18]. No adsorptive stripping
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tions (10-4-10-% M) of bulk amiloride hydrochloride
were prepared by accurate dilution with ethanol. The
drug solutions were stable and their concentrations did
not change with time. The bulk drug solutions were
analyzed by means of both the proposed polarographic
and differential-pulse adsorptive stripping procedures.

2.2.2. Tablets solution

Ten tablets (Yostriretf?) were weighed and the av-
erage mass per tablet was determined. A mass of finely
ground material, equivalent to 25 of amiloride, was
accurately weighed, and transferred into a 100 ml cal-
ibrated flask containing 70 ml ethanol. The contents
of the flask were shaken for 15min and then made
up to the volume with ethanol. The solution was next
filtered through a 0.4pm milli-pore filter (Gelman,
Germany). Aliquots of this solution were diluted with

voltammetric procedures have been reported to date€ethanol to produce 1¢-10-° M amiloride solutions.

for the determination of amiloride.

In this paper, we demonstrate the electrochemical
behavior of amiloride at the dropping mercury and
hanging mercury drop electrodes. Moreover, new po-
larographic and differential-pulse adsorptive cathodic
stripping voltammetric procedures are also described
to the direct estimation of amiloride drug in bulk form
and a pharmaceutical formulation.

2. Experimental
2.1. Materials

Bulk amiloride hydrochloride was obtained from
Sigma (St. Louis, MO, USA) The drug tablets,
Yostrireti® (Amoun Co., Cairo, Egypt) labeled to
contain 5mg amiloride co-formulated with 50 mg
hydrochlorothiazide per tablet. The latter was found
to be electro-inactive at the mercury electrode, there-
fore, it did not interfere in the electroanalytical assay
of amiloride drug.

2.2. Reagents and solutions

2.2.1. Bulk drug solutions
A stock solution of 1x 103 M bulk amiloride hy-

The tablet solutions were analyzed by means of both
of the proposed polarographic and differential-pulse
adsorptive stripping procedures.

2.2.3. Britton—Robinson buffer

A series of Britton—Robinson buffers of pH 1.9-11
were preparefll9]. The pH of the buffer was checked
using a pH-meter (Knick) of sensitivity-0.02 pH
units. All the chemicals (Sigma) used were of analyt-
ical grade and were used without further purification.

2.2.4. Nessler's reagent

Nessler's reagent,K>(Hgly) in dilute sodium hy-
droxide}, was used in the present study for testing
the formation of ammonia during complete electrol-
ysis of the drug solution at a controlled-potential by
mixing the electrolyzed drug solution with Nessler's
reagent while warming to about 4C. The presence
of ammonia gives a reddish brown coloration to a
yellow or orange-red to a brown precipitate of basic
mercury(ll) amido-ioding HJO-Hg(NHy)! }, depend-
ing on the amount of ammonja0]. This indicates the
release of ammonia on electrolysis of the drug solu-
tion at a controlled potential.

2.3. Instrumentation

A pen-recording polarograph Model 4001 Sargent

drochloride was prepared by dissolving an accurate Welch (Skokie, IL, USA) was used for study of the po-
mass in a specific volume of ethanol, kept in a dark larographic behavior of amiloride. The cell described
glass bottle and then stored &t@. More dilute solu- by Meites[21] was used for the polarographic studies.
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The characteristics of the dropping mercury electrode
werem = 1.03mgs ! andr = 3.3 s, at 60 cm of mer-
cury height. A saturated calomel electrode (SCE) was
used as a reference electrode.

The voltammograms were recorded using an
Electrochemical Trace Analyzers models 394 and
263A-PAR (Princeton, NJ, USA). The 303A-PAR
electrode assembly of a hanging mercury drop elec-
trode (area= 2.6 x 102 cn¥) as a working electrode,

a Pt wire as a counter electrode and an Ag/AgCIKCI
as a reference electrode was used for the voltam-
metry measurements. Stirring of the solution in the
micro-electrolysis cell at 400rpm was performed
using a magnetic stirrer (Model 305-PAR) with a
star-shaped magnet to provide the convective trans-
port during the preconcentration step. The measure-
ments were automated and controlled through the
programming capacity of the apparatus. The data
were treated through a personal computer connected
to the electrochemical analyzer and loaded with the
394 Analytical voltammetry software version—2.01
(copyright 1994).

The potentiostat/galvanostat model 173-PAR in-
corporated with a digital coulometer model 179-PAR
was used for the controlled-potential electrolysis of
the drug. A dark coulometric cell of a mercury pool
as a working electrode, a saturated calomel electrode
as a reference electrode and a platinum gauze im-
mersed in a bridge tube as a counter electrode was
used. The potential of the working electrode was
maintained constant with respect to that of the refer-
ence electrode (potentiostatic control). The potential
selected was adjusted to a value equal toEhe of
the polarographic wave of reactant plus 0.1V or at the
beginning of the limiting current of the polarographic
wave. The charg&) (Coulombs) passed during the
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2.4. Procedures

(i) For polarographic and cyclic voltammetric mea-
surements, a known volume of amiloride solu-
tion was pipetted into a 10 ml volume calibrated
flask and then completed to the volume with
Britton—Robinson buffer. The solution was trans-
ferred into the electrolysis cell and deoxygenated
with pure nitrogen for 10 min, then the polaro-
grams/voltammograms were recorded.

For stripping voltammetry measurements, a
known volume of amiloride solution was pipet-
ted into a 10 ml volume calibrated flask and then
completed to the volume with Britton—Robinson
buffer at pH 8. The solution was introduced into
a dark micro-electrolysis cell, then deoxygenated
with pure nitrogen for 10 min. A selected accu-
mulation potential was applied to the working
electrode for a selected time while the solution
was stirred at 400 rpm. At the end of the accu-
mulation time period the stirrer was stopped and
10 s was allowed for the solution to become qui-
escent. Then the voltammograms were recorded
by scanning the potential toward the negative di-
rection applying the differential-pulse waveform.
All data were obtained at room temperature.

(ii)

3. Results and discussion

3.1. dc-Polarographic and cyclic voltammetric
studies

The polarographic behavior of amiloride hydrochlo-
ride was studied in the Britton—Robinson buffers of
pH 1.9-11. In buffers of pH< 2, the dc-polarograms

exhaustive electrolysis was obtained by integrating exhibited a single irreversible cathodic wave, while at
the current electronically. The number of electrons pH values >2, two irreversible cathodic waves of un-
(n) transferred per reactant molecule via each of the equal heights were observed. The height of the first
two reduction step was determined using Faraday’s wave was practically double that of the second one.
relationN = Q/nF, whereN is the number of moles  The total limiting current and that of each of the
of substance being electrolyzed, aRds Faraday’s two waves were practically pH-independehid. 1).
constant (96,485 C/g eq.). Controlled-potential electrolysis of the drug in B-R
A Mettler balance model Toledo-AB104 (Switzer- buffers of pH 3-11 revealed that four and two electrons
land) was used for weighing the solid materials. were consumed in the reduction processes via the 1st
Deionized water was obtained from a Purite Still Plus and 2nd waves, respectively. At pE 2, four electrons
HP deionizer connected to a Hamilton AquaMatic were consumed via the single wave. The single or first
bidistillation water system (UK). wave may be attributed to the cleavage of the double
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Fig. 1. dc-Polarograms for.2 x 10-4M bulk amilorid in B-R

buffers of different pH values: (1) 1.9, (2) 2.9, (3) 3.9, (4) 4.9,
(5) 6.0, (6) 7.0, (7) 7.9, (8) 8.9, (9) 9.8, and (10) 10.9.
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bond —CH-NH of theN-imidino amide group with the
release of NH. The latter was confirmed by adding
the Nessler’s reagent to the completely electrolyzed
amiloride solution where a reddish brown precipitate
was formed20]. While the second wave may be due
to the saturation of the €D of the carboxamide moi-
ety [22]. In solutions of pH< 2 the wave due to the
saturation of the €0 of carboxamide moiety did not
appear which may be due to its overlap with that of
the hydrogen evolution.

The plots ofEge—log (i/iq — i) [21] for the 1st and
2nd waves of amiloride at different pH values were
straight lines with slope valueg (S1 = 0.059Yany)
reported inTable 1 Values ofan, at different pH val-
ues were estimated from the slope val@gand were
found to equal 1.02-1.23 and 1.08-1.33 for the two
waves, respectively. The number of electrong (n-
volved in the rate-determining step was found to equal
2. Consequently, values of the transfer coefficieat
different pH values were found to equal 0.51-0.67.

The half-wave potentials of the two reduction waves
were pH-dependent, being shifted to more negative
values with increase of the pH indicated the partic-
ipation of the H ions in the electrode reaction and
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Table 1

Values of an, and o as calculated from the slopes) of the
E1/2—pH plots and number of protonZy*) as calculated from
the slopes %) and &y for amiloride in B-R buffers of different
pH values at 25C

pH B2 S S ana o« Zy*
(V) (mv)  (mV) (na=2) (S/)
1st wave
29 091 60.39 62.60 1.02 0.51 1.02
49 1.04 62.10 1.05 0.52 1.00
6.0 1.10 61.22 1.04 0.52 1.01
70 113 47.92 37.60 123 0.62 0.77
89 1.18 56.37 1.04 0.52 0.67
2nd wave
29 112 46.43 53.40 1.27 0.64 1.15
49 1.20 46.34 1.27 0.64 1.15
6.0 1.28 46.75 1.26 0.63 1.14
7.0 132 44.61 1.33 0.67 1.20
89 142 43.13 1.36 0.68 1.24

a 1st segment (pH 6.0) of Eq/>—pH plot.
b 2nd segment (pH- 6.0) of E;/o—pH plot.

that the proton-transfer reaction precedes the electrode
process propg23]. TheEy,>—pH plot for the 1st wave
was a broken line of two segments where it was a
straight line for the 2nd wave. From the slope val8Bgs

(81 = 0.059/any) andS, [S2 = (0.059Yany) - Z4]

of both theEge — log (i/ ig — i) andEy,—pH plots, re-
spectively Table 1), the number of protongZ(;*) par-
ticipated in the rate-determining step at the different
pH values was estimated from the following relation
[21,24]

0E1)2

ToH = (0.095Yany) - Zn+

ie.
So=281-Znyt

+_ %2

Zy" = )

Value of Z4* was found to equal one over the en-
tire pH range Table 1. The polarograms for differ-
ent concentrations of bulk amiloride were recorded in
B—R. buffer at pH 2. The linear variation of the po-
larographic limiting currenti() of the 1st wave with
amiloride concentrationQ) in B—R buffer of pH 2
(Fig. 2) was represented by a straight-line equatipn:
(uA) = 0.119x 10°C (mM) + 0.25 ¢ = 0.995 and
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Fig. 2. The plot of polarographic limiting currenij)( of the 1st
wave vs. the concentratio€) of the drug in B-R buffer at pH 2.

n = 12). Three replicate calibration curves were ob-
tained over the concentration rang8210~°t0 25x
10~4M amiloride. A mean percentage recovery (for
5 x 10~*M amiloride), based on the average of three
determinations, of 9374+0.64 was achieved. The lim-
its of detection (LOD) and quantitation (LOQ) were
estimated using the following relatiofi5]

LOD = 3SD./b 1)
and
LOQ = 10SD./b (2)

where S.D. is the standard deviation of the intercept
andb is the slope of the calibration curve. The LOD
and LOQ of 1x 10> and 33 x 10~4M amiloride
were achieved, respectively.

The cyclic voltammograms of amiloride at the hang-
ing mercury drop electrode (HMDE) in B—R buffers of
pH < 2 exhibited a single cathodic irreversible peak,
while in solution of higher pH values two cathodic ir-

reversible peaks were observed. No anodic peak was

observed on the reverse scan, which indicated the ir-
reversible nature of the electrode reaction.

The peak potentialss) shifted to a more negative
value with rising pH. The irreversible nature of the
reduction process was confirmed by the shift of the
peak potentialsHp) to more negative values on the
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increase of the scan rate, The plots ofE, versus
In(v) at different pH values gave linear correlations,
with slope values proportional ten,. The number of
electrons ffy) transferred in the rate-determining step
was found to equal two.

3.2. Sripping voltammetric studies

The differential-pulse adsorptive cathodic stripping
(DPAACS) voltammograms for % 10~' M amiloride
following preconcentration for 30 s #acc= —0.5V
versus Ag/AgCI/KCY (scan rate=10mV/s and
pulse-height= 50 mV) exhibited a single cathodic
peak in B—-R buffers of pH< 5, while two well-defined
peaks were observed over the pH range 3-i§.(3).
Theip—pH plot (Fig. 4) showed that the 1st peak cur-
rent intensity was much more developed over the pH
values 7-8. Therefore, the first peak observed in B-R
buffer at pH 8 was considered for the present ana-
lytical study owing to its high signal relative to that
of the second one. The differential-pulse adsorptive
cathodic stripping peak current intensity of amiloride
in B-R buffer of pH 8 was found to be dependant on
the preconcentration time periogdd:). At tacc = 30s
an equilibrium surface concentration was reached.

pH
10

9

8
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=
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2 _/\_/ 0.2uA
| . | . | . |
0.4 0.8 12 16

-E, V/(Ag/AQCI)

Fig. 3. DPAdCS voltammograms for.%x 107 M amiloride in
B-R buffers of different pH valuesacc = 30S, Eacc = —0.5V,
pulse-height= 50 mV and scan rate- 10 mV/s.
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At shorter or longer time periods the DPAdCS peak
current intensity was much less developé&dg( 5).
Therefore, a preconcentration period of 30s was
adopted in the present work for the adsorptive strip-
ping analysis of amiloride.
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Fig. 5. Effect of accumulation timetgy on the 1st peak cur-
rent intensity for 5x 10~7 M amiloride in B-R buffer at pH 8;
Eacc = —0.9V, scan rate= 10mV and pulse-height 50 mV.
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Fig. 6. Effect of accumulation potentiaE{c) on the 1st peak
current intensity for 5¢ 10~ M amiloride in B—-R buffer at pH 8;
tacc = 30 s. Other operational conditions are as those indicated in
Fig. 5.

On the other hand, the DPAdCS peak current in-
tensity as a function of the accumulation potential in
B—R. buffer at pH 8 was studiedig. 6). The voltam-
mograms showed that &t,.c = —0.9V the 1st peak
was much more developed and sharp. Accordingly,
the accumulation potentiaEfcc) of —0.9V versus
Ag/AgCI/KCls was chosen for preconcentration of the
drug onto the hanging mercury drop electrode.

The variation of the DPAJCS 1st peak current in-
tensity of amiloride in pH 8 B—R buffer with the scan
rate was maximum over the range 10-20 mVig/(7)
and thus a scan rate of 10-20 mV/s was chosen for the
present stripping analytical study. The peak current
intensity of the DPAJCS voltammogram of amiloride
in pH 8 B—-R buffer was directly proportional to the
pulse-height up to 90 mV; therefore, the present an-
alytical determination was performed at pulse-height
=90mV.

The influence of the surface area of the working
mercury electrode on the peak current was also stud-
ied. As expected, an increase of the electrode surface
area generated a higher peak current, so a mercury
drop of a large area (0.026 &rwas considered in the
present study. The influence of the rest time was also
considered and a time period of 10s was chosen.
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Fig. 7. Effect of scan rate on the 1st peak current intensity for
5 x 10~7M amiloride in B-R buffer at pH 8. Other operational
conditions are as those indicatedHig. 5.

Accordingly, the optimum conditions for the pro-
posed DPAJCS voltammetric procedure to determina-
tion of amiloride drug were found to be; preconcentra-
tion potential(Eaco = —0.9V, preconcentration time
(taco = 30s, scan rate= 10-20 mV/s, pulse-height
=90mV, mercury drop surface area 0.026cn?,
rest period= 10s and a Britton—Robinson buffer at
pH 8 as a supporting electrolyte.

The DPCAdCS voltammograms were recorded for
different concentrations of amiloride under the opti-
mized conditions Kig. 8). The linear variation ofp
(nA) of the 1st peak with amiloride concentration
was represented by the equatiguA) = 6.3552
103C (mM) + 0.09 (correlation coefficient = 0.998
andn = 14). The calibration curves were obtained
over the concentration rangex2108to1 x 10°M
amiloride.

Validation of the proposed DPAdCS voltammetric
procedure was examined via evaluation of the limit of
detection (LOD), limit of quantitation (LOQ), repeata-
bility, recovery, specificity, robustness and ruggedness.
The LOD and LOQ were calculated from the calibra-
tion curves using the relations (1) and [2%], respec-
tively. The LOD and LOQ of 7L x 10~° and 24 x
10-8M bulk amiloride, respectively, were achieved.
Both LOD and LOQ values confirmed the sensitiv-

905
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I 4)1.0x107
5) 1.8x107
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Fig. 8. DPCAdS voltammograms for different concentration of
bulk amiloride in B—R buffer of pH 8.Qacc = 30S,Eacc= —0.9V,
scan rate= 20mV/s and pulse-height 90 mV.

ity of the proposed procedure compared to a reported
spectrophotometric methdéd].

The repeatability and recovery were examined by
performing five replicate measurements fof X
10-8M bulk amiloride following pre-concentration
for 30s. A mean percentage recovery of8R+ 0.71
was achieved which indicated a high precision of the
proposed procedure.

The selectivity [26] of the optimized proce-
dure for the assay of amiloride was examined for
2 x 10~"M bulk amiloride in the presence of some
common excepients usually present in pharmaceu-
tical formulations (starch, gelatin, lactose, talc and
magnesium stearate) and hydrochlorothiazide (as a
co-formulated drug). The obtained mean percentage
recovery based on the average of five replicate deter-
minations of 9742 + 0.77 showed no significant in-
terference from excepients or hydrochlorothiazide (as
an electro-inactive compound under the experimental
conditions). Thus, the procedure was able to assay
amiloride in the presence of the excepeints and/or hy-
drochlorothiazide and it can be considered selective.

The robustnesf6] of the measurements was ex-
amined by evaluating the influence of small variations
in some of the most important operational conditions
of the procedure included pH (7-8), preconcentration
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Table 2
Influence of variation of some of the operational parameters of the proposed DPAJCS votammetric procedure on the mean percentage
recovery of 5x 10~ M bulk amiloride; facc = 30s, frequency= 120 Hz and pulse-height 90 mV

Parameters R+ S.D? (%) Operational conditions

pH of the mediurf
7 99.25+ 0.65 Eacc = —0.9V, AE =20mV/s
8 99.50+ 0.72

Preconcentration potentiaE4.)?
-0.8V 99.45+ 0.67 pH=8, AE =20mVI/s
-0.9V 99.50+ 0.72

Scan rateAE?
10mVv 99.39+ 0.85 pH=8, Eacc = —0.9V
20mVv 99.50+ 0.72

Potentiostat (PAR)
Lab (1) model 394 99.5& 0.72 pH= 8, Eacc = —0.9 V, AE = 20mV/s
Lab (2) model 263 A 99.28 0.88

@ Using potentiostat 394.
b Average of five replicate measurements.

potential 0.8 to—0.9V ) and scan rate (10-20mV). five replicate measurements was found to b&98&
The results shown inTable 2 indicated that none  1.05. The recovery of the drug in tablets by means
of these variables significantly affect the percentage of the proposed DPAdCS voltammeric procedure was
recovery of amiloride. These results provided an in- favorably compared with that obtained by a reported
dication of the reliability of the proposed DPAdCS
voltammetric procedure to assay amiloride, and it can
be considered robust.

The ruggednes$26] of the measurements was
examined by applying the optimized DPAdCS voltam-
metric procedure to assay amiloride using two Elec-
trochemical Analyzers models 263A and 394-PAR 2.8 [
under the same optimized experimental conditions at
different elapsed time. The recoveries obtained due to
lab-to-lab and even day-to-day variations were found
reproducible since there was no significant difference
between the recovery and standard deviation results
(Table 2.

35

21

LA

14 F
3.3. Assay of amiloride in tablets

The proposed polarographic procedure was applied 0.7 [
to the assay of amiloride in Yostrirefidablets.Fig. 9
illustrate the polarograpgic response of successive ad-
ditions of amiloride of tablet solution in B-R buffer 0.0
at pH 2. A mean percentage recovery, based on three 0.5 0.7 0.9 11 13
replicate determination, of 10# 1.27 was achieved.

The proposed DPAdCS voltammetric procedure -E, V/SCE
was also applied to determination of the drug in tablets. Fig. 9. dc-Polarograms for different concentrations of amiloride
A mean percentage recovery based on the average ofin tablet solutions in B-R buffer at pH 2.
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