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Abstract

A sensitive adsorptive stripping voltammetric method for the measurement of cilazapril in 0.04 M Britton–
Robinson buffer (pH 9.0) solution was described. The method was based on the adsorptive accumulation of the drug
at a hanging mercury drop electrode (HMDE), followed by differential pulse voltammetry. The response was
evaluated with respect to pre-concentration time, pH effect, accumulation potential, accumulation time and scan rate.
The peak potential was −0.60 V (vs. Ag/AgCl). The peak current was directly proportional to the concentration of
cilazapril with a detection limit of 17.6 ng ml−1 at an accumulation time of 10 s. The reduction process was
irreversible and the wave showed adsorptive characteristics. The results were compared to those obtained using a
HPLC procedure. A reversed-phase C18e column with aqueous phosphate buffer (pH 3.5; 0.125 M)–acetonitrile
(67:33, v/v) mobile phase and benazapril as internal standard was used. UV detector was set at 254 nm. Results
obtained in HPLC were comparable to those obtained by adsorptive stripping voltammetric method. © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Cilazapril, [1S-[1�,9�(R*)]]-9-[[1-(ethoxycarbo-
nyl)-3-phenylpropyl]amino]octahydro-10-oxo-6H-
pyridazino [ 1.2a ] [ 1,2 ] diazepine - 1 - carboxylicacid
monohydrate is a potent and specific angiotensin-
converting enzyme (ACE) inhibitor which lowers
peripheral vascular resistance without affecting
heart rate. It is used in the treatment of hyperten-
sion and congestive heart failure [1]. This sub-
stance which has the biological activity prevents

the transformation of angiotensin I to angiotensin
II by inhibiting ACE. It also prevents the reab-
sorption of sodium and water from renal tubulus
and decrease the heart flow-rate [2,3].
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Following oral administration, cilazapril under-
goes de-esterification in the liver to its active
di-acid form, cilazaprilat. This metobolite is more
polar than cilazapril, making it more difficult for
the intestine to absorb, but cilazapril, although
not active, is well absorbed orally Doses of cilaza-
pril range from 0.5 to 5 mg per day [4,5].

Analytical methods for the direct determination
of this drug and its metabolite are very scarce.
Analysis of the activity of these compounds were
usually carried out indirectly by measuring ACE
inhibition angiotensin II or renine levels [5,6].
Direct determination in plasma and serum was
carried out by enzyme immunoessay [7]. UV–Vis
spectrophotometry was applied to the determina-
tion of cilazapril in pharmaceutical formulations
[8,9]. High-performance liquid chromatographic
method with UV [10,11] and amperometric detec-
tions [12] were developed for the quantitation of
cilazapril and its active metabolite and degrada-
tion product cilazaprilat in urine and tablets. Cap-
illary electrophoresis was also applied to the
determination of the drug [13,14]. Other struc-
turally similar ACE inhibitors are usually mea-
sured using GC–MS, but this involves two
tedious derivatization steps for the amine and the
carboxylic acid groups and the carboxylic acid
groups ficantly affect the quality of the results
[15–17].

Electroanalytical techniques, especially modern
pulse techniques such as differential pulse and
square wave voltammetry, have been used for the
sensitive determination of a wide range of phar-
maceuticals with the advantages that there is, in
most instances, no need for derivatization, and
that these methods are less sensitive to matrix
effects than other analytical techniques [18]. Thus,
the sensitive determination of compounds, even in
complex matrices, is possible without tedious ex-
traction procedures being necessary before the
voltammetric measurements. In the literature, no
electrochemical data concerning the electrochemi-
cal behavior of cilazapril on hanging mercury
drop electrode (HMDE). The aim of the present
work was the development of a sensitive electro-
analytical procedure for the determination of
cilazapril in dosage form without an extraction
procedure being necessary prior to the voltammet-

ric measurement. The adsorptive behavior of
cilazapril on HMDE and in different media was
also investigated in order to find the best experi-
mental conditions for the electroanalysis of cilaza-
pril. The utility of the developed method to
determine the content of active substances in
pharmaceutical preparation was also demon-
strated. The results were compared with those
obtained using a HPLC method.

2. Experimental

2.1. Voltammetric method

2.1.1. Apparatus
A model 174 A polarographic Analyzer

(EG&G Princeton Applied Research Corpora-
tion) was employed with a Model 303 static mer-
cury drop electrode. The voltammograms were
recorded using a Research Re 0150 Model X–Y
recorder. A Hanna Model pH meter was used for
pH measurements. The three electrode system
consisted of a 10 ml quartz cell. The working
electrode was a static mercury drop electrode, a
KCl saturated Ag/AgCl electrode was used as a
reference electrode. Platinum wire was used as an
auxiliary electrode. All experiments were per-
formed at room temperature and the dissolved
oxygen was removed by passing pure nitrogen
through the solutions.

2.1.2. Reagent and solutions
Cilazapril (generously provided by Fako Drug

Inc., Istanbul, Turkey) was used without further
purification. Pharmaceutical formulations In-
hibace and Inhibace Plus (commercialized by
Roche, Istanbul, Turkey) were analyzed through-
out the study. The composition of the two phar-
maceutical formulations are as follows; Inhibace
tablets containing cilazapril, 5 mg and Inhibace
Plus tablets containing cilazapril 5 mg; hy-
drochlorothiazide 12.5 mg). For the preparation
of standard cilazapril stock solution (1000 �g
ml−1), 100 mg cilazapril was accurately weighed,
dissolved in methanol and then adjusted to 100 ml
with methanol. Standard solutions were prepared
by appropriate dilutions of the stock solution.
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Britton–Robinson buffer (Merck) (0.04 M) was
prepared and used as supporting electrolyte. The
ionic strength was kept constant by adjusting with
0.1 M KCl. All the chemicals were of analytical
reagent grade (Merck). Triple distilled water was
used throughout.

2.1.3. Procedure

2.1.3.1. Application to cilazapril tablets. Twenty
tablets were weighed and powdered in a mortar.
An accurately weighed portion of the powder
equivalent to about 10 mg of cilazapril was trans-
ferred to a 100 ml volumetric flask and 50 ml of
methanol were added and shaken for 15 min and
then completed to 100 ml. This solution (100 �g
ml−1) was used for voltammetry. An aliquots of
this concentrated solution were diluted and mea-
sured under the optimized conditions. Calibration
solutions were made by appropriate dilution in
water of the concentrated standard solution.

For the determination of cilazapril in commer-
cial formulation, 1 ml of 1 mol l−1 KCl was
added to 5 ml of Britton–Robinson buffer (pH
9.0; 0.04 M) with 1 ml methanol and the solution
was diluted to 10 ml with tri-distilled water. De-
oxygenation with pre-purified nitrogen was ap-
plied for 12 min. An accumulation potential of
−0.60 V vs. Ag/AgCl was applied to the working
electrode while the solution was stirred continu-
ously. After a 10 s a cathodic differential pulse
scan was initiated, and the resulting voltam-
mograms were recorded.

2.2. HPLC

2.2.1. Apparatus
The high-performance liquid chromatographic

system consisted of a Hewlett-Packard Co. Ltd.
1050 series delivery pump system equipped with a
1050 UV–Vis detector. The detector was set at
254 nm and peak areas were integrated automati-
cally by a 3396 A multimode integrator.

2.2.2. Reagent and solutions
HPLC grade methanol (Merck) was used. The

phosphate buffer was prepared by adding o-phos-
phoric acid to potassium dihydrogen phosphate to

obtain a final pH of 3.5. The stock solution of
cilazapril (1.0 mg ml−1) and internal standard
benazapril (1.0 mg ml−1) were prepared in
methanol. These solutions were stable for at least
2 weeks if stored at 4 °C.

2.2.3. Chromatographic condition
Chromatographic separation was carried out

on LiChrospher 100 RP-18e column (250×4.6
mm2 i.d. 5 �m). The mobile phase used in HPLC
consisted 0.01 M phosphate buffer (pH 3.5; 0.125
M)–acetonitrile, (67:33, v/v). The mobile phase
was prepared daily and filtered through a Alltech
47 mm, 0.45 �m membrane, degassed for 15 min
in an ultrasonic bath before use. The flow rate
was 0.8 ml min−1. The detector was set at 254
nm. The injection volume was 60 �l. All assay was
performed at ambient temperature.

Standard solutions of cilazapril and benazapril
contained concentration ranges of 1–5 �g ml−1.
Internal standard benazapril concentration was
fixed as 1 �g ml−1 for every synthetic mixtures.
All appropriate dilutions were prepared daily.
Sixty microliter volume of each synthetic samples
was injected and all application were repeated
three times. The peak area ratios of active sub-
stances to internal standard were plotted against
the corresponding concentration ratios of cilazpril
to benazapril.

2.2.4. Application to cilazapril tablets
Twenty tablets (Inhibace and Inhibace Plus)

were weighed and powdered. A portion of the
powder equivalent to about 5 mg cilazpril was
weighed accurately, transferred to a 50 ml volu-
metric flask and was stirred with 40 ml methanol
on a magnetic stirrer for 30 min. The solution was
filtered and diluted with methanol. Two milliliter
of this solution and 1 ml internal standard were
added into 10 ml flask and completed with
methanol. Sixty microliter volume of sample solu-
tion was injected into a column.

3. Result and discussion

Fig. 1 shows repetitive cyclic voltammograms
of 0.6 �g ml−1 cilazapril, recorded after pre-con-
centration at −1.0 V vs. Ag/AgCl for 10 s.
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A large and well defined cathodic peak was
observed at the first scan (curve 1) at 1.33 V vs.
Ag/AgCl. A substantial decrease in the peak cur-
rent value was seen in subsequent scans reaching a
steady state, indicating that cilazapril shows ad-
sorptive characteristics at a mercury electrode. No
peak was observed on the reverse anodic scan,
indicating that the reduction of cilazapril at the
mercury electrode was irreversible. Adsorptive
stripping voltammograms obtained for increasing
values of the scan rate showed the existence of a
linear dependence of the peak current intensity on
the scan rate between 2 and 10 mV s−1. The peak
currents were directly proportional to the scan
rate indicating that the system was adsorption-
controlled.

Well defined stripping peaks were obtained with
a peak potential of −1.33 V vs. Ag/AgCl for the
concentration range of 0.2–1.2 �g ml−1. Fig. 2a
shows the plot of the differential pulse voltammet-
ric peak current vs. accumulation time for 0.4 �g
ml−1 cilazapril.

As can be seen in Fig. 2a, the peak current
value depends strongly on the accumulation time,
suggesting an effective adsorption of cilazapril

Fig. 2. The effect of varying: (a) the accumulation time on the
peak height 0.4 �g ml−1 cilazapril; (b) pH on the differential
pulse adsorptive stripping response for 1.0 �g ml−1 cilazapril.
Adsorption potential −0.6 V; accumulation time 10 s; (c)
adsorption potential on the differential pulse adsorptive strip-
ping response for 0.6 �g ml−1 cilazapril.

Fig. 1. Cyclic voltammetry of 0.6 �g ml−1 cilazapril. Scan 1
was done immediately after extrusion of new mercury drop;
scan 2 was a repeat scan on the same drop.
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complex on the HMDE. The peak current in-
creased linearly with the accumulation time. After
a certain accumulation time, the peak current
leveled off, illustrating that the adsorptive equi-
librium of cilazapril on the mercury electrode
surface was finally achieved. An accumulation
time of 10 s was selected as an optimum for
concentrations of cilazapril lower than 1.2 �g
ml−1.

The effect of the solution pH in the range of
2–12 on the peak current values for the cilazapril
was investigated by using adsorptive differential
pulse stripping voltammetry. It was found that
the peak currents were higher in basic media and
the cilazapril peak potential was pH independent.
At pH values smaller than 7.0, the adsorptive
differential-pulse stripping voltammetric peak was
not observed (Fig. 2b). Various supporting elec-
trolytes, such as NH3�NH4Cl, NaOH and Brit-
ton–Robinson buffer solution were tested in
adsorptive differential pulse stripping voltamme-
try. The maximum signal was obtained using Brit-
ton–Robinson buffer of pH 9.0. Therefore, 0.04
M Britton–Robinson buffer of pH 9.0 and ionic
strength of 0.1 M was selected and employed
throughout the study.

The influence of the adsorption potential on the
peak height was studied over a wide range of
potentials as shown in Fig. 2c. The peak height
was almost constant and maximum when the
adsorption potential lied between −0.3 and −
0.6 V vs. Ag/AgCl. When the potential was made
more negative the peak height decreased due to
reduction in the amount of the adsorbed cilaza-
pril. Therefore, the deposition potential was fixed
at −0.6 V vs. Ag/AgCl for all further experimen-
tal measurements.

3.1. Quantitati�e determination of cilazapril

The electrochemical analysis was carried out at
−0.6 V vs. Ag/AgCl accumulation potential, 10 s
accumulation time, scan rate 10 mV s−1 and pH
of 9.0. Regression analysis was carried out on the
slope, intercept and the correlation coefficient us-
ing the results obtained by electroanalyis and
HPLC analysis (Table 1).

The linearity of the calibration graph was vali-
dated by the high value of the correlation coeffi-
cient of the regression equation and by the value
of the intercept on the ordinate. This way a
sensitive and rapid determination of cilazapril
could be achieved and the results were in good
agreement with the labelled amount of cilazapril
(Table 2).

Recovery studies on the proposed method were
performed by analysing spiking sample of the
powdered tablets with appropriate amounts of the
stock solution of the cilazapril. The recovery was
calculated from five measurements of cilazapril.
The mean recovery was 103% and the relative
standard deviations was 4.80%. The intra-day pre-
cision for cilazapril (calculated from five measure-
ments of 0.60 �g ml−1 cilazapril during 1 working
day) was 4.80%. The inter-day precision (calcu-
lated from five measurements of 0.60 �g ml−1

cilazapril over 1-week period) was 4.05%. The
results show the accuracy and reproducibility of
the assay.

Under the optimum experimental condition se-
lected above two different commercial formula-
tions inhibace and Inhibace Plus were also
analyzed. For 10 s accumulation time, detection
limit (LOD) was found to be 17.6 ng ml−1 ac-
cording to the 3 s m−1 definition where s is the

Table 1
Statistical analysis for the calibration curve of cilazapril

Regression equation CorrelationLinearity range
(�g ml−1) coefficient

0.20–1.2 0.9998Voltammetry y=436.6C+293.9; SD of slope=4.7; SD of intercept=1.8
HPLC 0.99110.50–20 y=0.29C+0.0018; SD of slope=7.6×10−3;

SD of intercept=25×10−3

C is the concentration of the analyte (�g ml−1).
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Table 2
Results obtained in the determination of cilazapril in two different commercial tablets using adsorptive stripping voltammetry

Sample no. Inhibace PlusInhibace

Amount labelledAmount labelled Amount foundAmount found
(mg per tablet) (5 mg per tablet)(mg per tablet)(5 mg per tablet)

Mean=4.991 5.255.32 Mean=5.08
2 5.06 SD=0.303 4.83 SD=0.292
3 5.22 CV=6.07 5.08 CV=5.75

CF=4.63–5.35 5.484.77 CL=4.72–5.444
5 4.60 (P=0.05) 4.78 (P=0.05)

SD, standard deviation; CV, coefficient of variation; CL, confidence limits.

standard deviation (n=10) of the signal from 0.2
�g ml−1) cilazapril aliquots and m is the slope of
the calibration graph [19]. Limit of quantification
(LOQ) was calculated to be 176 ng ml−1 (10 times
the limit of detection).

Quantitative determination of cilazapril in
tablets was also conducted by HPLC method for
comparison. Figs. 3 and 4 show typical chro-
matograms obtained from the analysis of stan-
dard cilazapril solution and cilazapril containing
tablet solution, respectively. Benazapril was used
as internal standard (1.0 mg ml−1). As shown in
these figures, standard cilazpril and tablet solu-
tions were eluted, forming well shaped, symmetri-
cal single peaks and well separated from the
solvent front.

The values obtained with HPLC method was in
good agreement with those obtained by adsorp-
tive stripping method (Table 3). The results of
both methods were compared by Student’s t-test
and f (fisher)-test. When precision of the both
methods were compared with f-test, there was no
significant difference between the standard devia-
tions of the two methods. In addition, as far as
Student’s t-test results were concerned, there ex-
isted no significant difference between the two
methods with respect to the mean values (Table
4).

The method can be used for the estimation of
cilazapril without prior separation hydrochloroth-
iazide employed in Inhibace Plus tablets. Since
hydrochlorothiazide and other excipients are elec-
troinactive under these condition, they did not
interfere with the assay of cilazapril. This observa-

Fig. 3. HPLC chromatogram of cilazapril standard in acetoni-
trile–phosphate buffer: (I) cilazapril (2 �g ml−1); (II) beneza-
pril (1 �g ml−1).
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Fig. 4. HPLC chromatogram of commercial tablet (Inhibace
Plus) solution in acetonitrile–phosphate buffer.

Table 4
Comparison of two methods

HPLC methodAmount labelled Voltammetric
method(5 mg per tablet)

4.99Amount found (mg 4.78
per tablet) average
values (n=5)

CV 6.07 2.82

tcalculated=1.33 ttheoretical=2.31 (P=0.05)
(P=0.05)ftheoretical=6.39fcalculated=5.04

tion indicate that the method is selective for
cilazapril. Also voltammetric method can not be
developed as a stability indicating assay method
because of the lack of the knowledge of the
potential decomposition products.

4. Conclusion

The developed method is suitable technique for
application to the determination of cilazapril in
pharmaceutical products. In comparison, chro-
matographic methods for the determination of
cilazapril need expensive equipment and materi-
als, also include time-consuming extraction steps
to eliminate the additives. In voltammetric meth-
ods, high percentage of recovery shows that the
compounds are completely extracted from tablet
formulations and the results indicate that the
developed method can be used to quantify cilaza-
pril in binary combination without interference
from other ingredients. Most spectrophotometric
methods include complex reactions which cause

Table 3
Results obtained in the determination of cilazpril in tablets using HPLC method

InhibaceSample no. Inhibace Plus

Amount labelledAmount foundAmount labelledAmount found
(5 mg per tablet)(mg per tablet) (mg per tablet) (5 mg per tablet)

Mean=4.674.60 Mean=4.78 4.481
2 4.72 SD=0.135 4.67 SD=0.117

4.74 CV=2.82 4.71 CV=2.253
CL=4.52–4.824 CL=4.61–4.954.88 4.68
(P=0.05)5 (P=0.05)4.94 4.80
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contamination and loss of substance and all of
them have a lower sensitivity than proposed
voltammetric method.

It can be concluded that, the proposed voltam-
metric method has the advantages of being sim-
pler, faster, less tedious and expensive than
published procedures for the analysis of cilazapril.
The described method is a direct method for the
determination of cilazapril and does not include
any extraction process.
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