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Abstract

Perindopril fert-butylamine is a new member of angiotensin-converting enzyme inhibitors group used in the treatment of hypertension and heart
failure. In this paper, the evaluation of reversed-phase high-performance liquid chromatographic method (RP-HPLC) for the determination of
impurities level of perindopril zert-butylamine in tablets was done. The chromatograms were recorded using a Hewlett Packard 1100 chromato-
graphic system with DAD detector. Separations were performed on a YMC-Pack C8 column (250 mm x 4.6 mm; 5 pwm particle size) at 50 °C
column temperature. Mobile phase was a mixture of acetonitrile—potassium phosphate buffer (0.05M) (37:63, v/v) (pH 2.5). pH of the mobile
phase was adjusted with ortophosphoric acid. Mixture of acetonitrile—water (40:60, v/v) was used as a solvent. Injection volume was 50 p.1, flow
rate 1.7mlmin~" and UV-detection was performed at 215 nm. The developed method subjected to method validation and parameters in terms of
selectivity, linearity, precision, accuracy, limit of detection, limit of quantitation and robustness were defined. The validated method is suitable for

the simultaneous determination of perindopril ferz-butylamine as well as its impurities in pharmaceuticals.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the past few years the identification and quantification
of impurities in totally synthesized drugs became obligatory in
drug analysis. Simultaneous identification and determination of
analyzed drug and its impurities usually represents analytical
challenge because of their structural similarity. The proposed
methods have to be economical as much as possible offering the
possibility to apply the method in the routine drug analysis.

Perindopril tert-butylamine (in following text perindopril)
is a new member of angiotensin-converting enzyme inhibitors
group, which acts through its active metabolite diacid perindo-
prilat. Following oral administration, perindopril is rapidly
absorbed and metabolized, with only 4-12% of the dose recov-
ered unchanged in the urine. Six metabolites resulting from
hydrolysis, glucuronidation and cyclization via dehydration
have been identified. These include the active form perindo-
prilat (hydrolyzed perindopril), perindopril and perindoprilat
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glucuronides, dehydrated perindopril and the diastereoisomers
of dehydrated perindoprilat. In humans, hepatic esterase appears
to be responsible for the hydrolysis of perindopril. Molecule
having five asymmetric carbon atoms of (S) configuration is
used as antihypertension agent. Perindoprilat, Y31, Y32 and
Y33 are the degradation products of perindopril fert-butylamine,
but they can also be present as impurities from the route of
synthesis.

Perindoprilat is lactam derivative arised from perindo-
pril intramolecular cyclisation. Compound Y33 is a result of
hydrolytical decomposition of Y31 compound ester group.
Y32 is epimer of Y33 having the opposite configuration at
4a stereogenic centre. Structural formulas and IUPAC names
of perindopril fert-butylamine and its impurities perindoprilat,
Y31, Y32 and Y33 are presented in the following Scheme 1.

Perindopril tert-butylamine monograph is presented in the
European Pharmacopoeia, Fifth Edition [1]. The official method
proposes HPLC analysis of related substances in bulk drug
using gradient elution in 45 min. Being a new member of the
angiotensin-converting enzyme inhibitors group, there is not
a large number of references referring its analysis in pharma-
ceutical dosage forms. The most recent efforts were aimed at
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Scheme 1. Structures of perindopril fert-butylamine and its impurities.
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enantioselective assay of (S) perindopril using electrochemi-
cal detection which employed enantioselective, potentiometric
membrane electrodes impregnated with chiral selectors [2,3].
Simultaneous assay of (S) — and (R) — perindopril using ampero-
metric biosensors as detectors in flow systems was also described
in some papers [4—6]. Procedures based on formation of copper
and eosin complexes with some angiotensin-converting enzyme
inhibitors were developed for their spectrofotometric determi-
nation and atomic absorption spectrometric investigations [7,8].
Optimization of a capillary electrophoresis method for the sep-
aration and quantitative determination of several angiotensin-
converting enzyme inhibitors was described in some publica-
tions [9-11]. There are some papers describing densitometry and
gas-chromatographic methods for the identification and deter-
mination of perindopril and some other angiotensin-converting
enzyme inhibitors [12—14]. Gas-chromatography/mass spec-
trometry as well as radio-immunoassay methods were developed
for the determination of perindopril and its active metabolite
in biological fluids [15,16]. LC determination only perindo-
pril as active substance in some pharmaceutical dosage forms
was described in some papers [17,18], using RP C;g column
with isocratic elution or perindopril was used as an internal
standard.

In the present literature there are no references concerning
simultaneous quantitative analysis of perindopril and its impu-
rities in pharmaceuticals. The aim of this paper was to present
the development of suitable HPLC method for the simultane-
ous quantitative analysis of perindopril zerz-butylamine and its
impurities perindoprilat, Y31, Y32 and Y33. After the evalua-
tion through the process of method validation it was proved that
the proposed method could be considered as the improvement in
chromatographic separation and determination of the mentioned
substances.

2. Experimental
2.1. Reagents and samples

All the reagents used in the experimental work were of
analytical grade. Acetonitrile-gradient grade (Sigma—Aldrich,
Germany), water-HPLC grade, potassium dihydrogen phos-
phate (Reanal, Hungary) and ortophosphoric acid (Carlo Erba,
Italy) were used for preparing a mobile phase and solvent.
Tablets which contain 4 mg of perindopril fert-butylamine were
manufactured by Les Laboratories Servier, France and con-
tain not more than 2% of perindoprilat, 2% of Y31, 1% of
Y32 and 1% of Y33 impurities, calculated to the content of
perindopril tert-butylamine. Working standards of perindopril
tert-butylamine and its impurities perindoprilat, Y31, Y32 and
Y33 were purchased from the Les Laboratories Servier, France.
Ph.Eur. reference standard of perindopril tert-butylamine was
purchased from the European Directorate for the Quality of
Medicines, Strasbourg, France.

Lactose monohydrate, microcrystalline cellulose, magne-
sium stearate and silica, colloidal, anhydrous are substances used
for placebo mixture preparing. All of them are of Ph. Eur. quality,
too.

2.2. Standard solutions

Stock solutions were prepared by dissolving the respec-
tive working standard substances in solvent (mixture of
acetonitrile—water (40:60, v/v) to obtain the concentration of
2mgml~! for perindopril tert-butylamine, 200 wgml~! for
perindoprilat and impurity Y31, 100 wg ml~" for impurity Y32
and impurity Y33.

2.3. Solutions for estimating the selectivity

To prove selectivity of the proposed RP-HPLC method,
placebo mixture which consisted lactose monohydrate, micro-
crystalline cellulose, magnesium stearate and silica and
colloidal, anhydrous was prepared in solvent in the concentration
ratio corresponded to the content in tablets. It was treated in the
same manner as tablet mass used for the preparation of sample
solution. Standard solution mixture (2) for precision evaluation
was used as a standard solution mix for selectivity proving.

2.4. Solutions for estimating the linearity

For the calibration curve, nine solutions containing perindo-
pril fert-butylamine as well as nine solutions for each of its
impurities were prepared in solvent in the concentration range
from 0.01 to 1 mgml~! for perindopril fert-butylamine; from
0.2 to 20 wg ml~! for perindoprilat and impurity Y31; from 0.1
to 10 pgml~! for impurity Y32 and impurity Y33.

2.5. Solutions for estimating the precision

To check the precision of the proposed RP-HPLC method,
three series of standard solutions in solvent were prepared with
10 solutions for each concentration mixtures:

(a) Mixture (1) contained 0.6 mg ml~! of perindopril tert-
butylamine, 12 wg ml~! of perindoprilat and impurity Y31,
6 wgml~! of impurity Y32 and impurity Y33;

(b) Mixture (2) contained 0.4mgml~! of perindopril rert-
butylamine, 8 wg ml~! of perindoprilat and impurity Y31,
4 pgml~! of impurity Y32 and impurity Y33;

(c) Mixture (3) contained 0.2mg ml~! of perindopril fert-
butylamine, 4 wgml~! of perindoprilat and impurity Y31,
2 wgml~! of impurity Y32 and impurity Y33.

2.6. Solutions for estimating the accuracy

Accuracy is another important parameter for method vali-
dation. Therefore, the laboratory mixture containing the above
mentioned placebo components as well as perindopril tert-
butylamine and its impurities were prepared in solvent in the
ratio corresponding to the investigated tablets. Laboratory mix-
ture was treated in the same manner as tablet mass used for the
preparation of sample solution. For the quantitative analysis of
the laboratory mixture, three series of dilutions calculated as
80%, 100% and 120% at concentrations correspond to those in
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tablets were prepared, with five solutions for each concentration
mixtures:

(a) Mixture (1) contained 0.48 mgml~! of perindopril tert-
butylamine, 9.6 wg ml~" of perindoprilat and impurity Y31,
4.8 wgml~! of impurity Y32 and impurity Y33;

(b) Mixture (2) contained 0.4 mg ml~! of perindopril fert-
butylamine, 8 wg ml~! of perindoprilat and impurity Y31,
4 wgml~! of impurity Y32 and impurity Y33;

(c) Mixture (3) contained 0.32mgml~! of perindopril tert-
butylamine, 6.4 g ml~" of perindoprilat and impurity Y31,
3.2 wgml~! of impurity Y32 and impurity Y33.

2.7. Sample solutions

The quantity of the pulverised tablet mass corresponding to
50 mg of perindopril fert-butylamine was placed into 50 ml vol-
umetric flask and extracted with the solvent using ultrasonic bath
and mechanical stirrer, during 20 min each, and then centrifu-
gated. Supernatant was used to prepare a series of 10 solutions
containing 0.4 mgml~! of perindopril fert-butylamine.

2.8. Chromatographic conditions

The chromatographic system Hewlett Packard 1100 Series
(Agilent Technologies, Germany) consisted of HP 1100 binary
pump, HP 1100 DAD detector, HP 1100 column and auto
sampler thermostat, HP 1100 degasser and HP ChemStation
integrator. Separations were performed using YMC-Pack C8
4.6 mm x 250 mm, 5 pm particle size column at 50 °C column
temperature. Injection volume was 50 pl. Solutions were filtered
through 0.45 wm Nylon pre-cut membrane filters. Separations
and simultaneous determination of perindopril ferz-butylamine
and its impurities perindoprilat, Y31, Y32 and Y33 were per-
formed using the mixture of acetonitrile—potassium phosphate
buffer (0.05 M) (37:63, v/v) (pH 2.5) as a mobile phase. Mobile
phase was filtered through a 0.2 wm Millipore filter. The flow
rate was 1.7mlmin~! and the UV detection was performed at
215 nm.

3. Results and discussion

Monitoring of impurities level in bulk substances and
pharmaceutical dosage forms presents an important fact in
pharmaceutical analysis. Identification and quantification of
impurities are very difficult because of small quantities present in
the investigated sample and structural similarity between impu-
rities as well as the drug they originate from. Chemical structure
similarities of the analyzed substances are the important facts
having the influence on selection of the optimal chromatographic
conditions. As already mentioned in the paper, perindoprilat is
hydrolized perindopril, arising from a hydrolytical decomposi-
tion of perindopril ester group. Impurities Y31, Y32 and Y33
are perindopril lactam derivatives arised from its intramolecu-
lar cyclisation. Y33 is a result of a hydrolytical decomposition
of Y31 compound ester group. Furthermore, Y32 and Y33 are
epimers having the biggest chemical structure similarity.

From the preliminary investigation Cg column
4.6 mm x 250mm, 5 pm particle size (YMC-Pack Cg)
was selected as appropriate stationary phase. As all the inves-
tigated substances are acids (except Y31), the investigation
commenced with the phosphate buffer at acidic pH. As water
phase solution of potassium dyhidrogen phosphate was chosen.
Acetonitrile as organic solvent was selected because the shape of
resulting peaks was improved compared to the chromatograms
obtained with methanol. Content of acetonitrile was varied
between 30% and 40%. With certain mobile phases, amongst
critical pair, active substance/Y 32, one unknown impurity was
eluted with no satisfactory resolution. The amount of unknown
impurity could significantly influence the quantification of
the nearest impurity peak. Therefore, it was concluded that
the further investigations concerning satisfactory separation
of the above mentioned unknown impurity was important.
Acetonitrile content of 37% enabled acceptable separation of
all the components in reasonable analysis time. Therefore, the
content of 37% of acetonitrile was selected as optimal. The
influence of buffer concentration was estimated as well. As
the effect on the separation was negligible, 0.05M potassium
dihydrogen phosphate was chosen. pH of the mobile phase
mixture was adjusted to 2.5 with ortophosphoric acid. The
temperature as the important chromatographic factor was inves-
tigated, too. The peak shapes of perindoprilat and perindopril
tert-butylamine were not acceptable when ambient column
temperature was applied. Temperature of 40 °C appeared to be
suitable for perindopril tert-butylamine peak shape, but still
not acceptable symmetry of perindoprilat peak was achieved;
50°C was found to be suitable as one of the chromatographic
conditions.

The representative chromatogram of perindopril tert-
butylamine and its impurities under established chromato-
graphic conditions is presented in Fig. 1. The retention times for
perindoprilat, perindopril fert-butylamine, unknown impurity,
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Fig. 1. The representative chromatogram of laboratory mixture: # = 1.935 min
(perindoprilat), #, = 3.064 min (perindopril), ¢, =3.981 min (unknown impurity),
t;=4.512min (Y32), t,=5.146 min (Y33) and #,=11.630min (Y31) (mobile
phase: acetonitrile—potassium phosphate buffer (0.05 M) (37:63, v/v) (pH 2.5);
flow rate 1.7 mlmin—'; A =215 nm and 40 °C column temperature).
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Table 1
The important parameters for the calibration curves
Parameter Perindopril fert-butylamine Perindoprilat Y31 Y32 Y33
Concentration range 0.01-1 mgml~! 0.2-20 wgml~! 0.2-20 g ml~! 0.1-10 g ml~! 0.1-10 wg ml~!
y=ax+b 21232x+651.61 29.914x+9.843 19.395x +4.507 22.403x+5.577 23.778x+0.272
r 0.9973 0.9989 0.9996 0.9969 1.0000
Sb 294.434 5.2559 1.892 3.3065 0.2064
Sa 593.77 0.530 0.191 0.667 0.042
ty 2213 1.8728 2.382 1.6865 1.3165

r, Correlation coefficient; Sy, standard deviation of the intercept; #,, statistical parameter having the lower value than the tabular one (¢ap, ); ttab, 2.998 (p=0.02, n="7).

Table 2
Precision of the RP-HPLC method

Compound Injected Found RSD (%) Recovery (%)
Perindopril fert-butylamine (mg ml~—") 0.2 0.212 £ 0.001% 0.638 105.8
0.4 0.409 + 0.002 0.545 102.48
0.6 0.628 + 0.003 0.399 104.60
Perindoprilat (g m]’l) 4 4.274 £ 0.071 1.663 106.85
8 8.296 + 0.124 1.493 103.70
12 12.175 £+ 0.145 1.187 101.46
Y31 (ugml™!) 4 4.05 £+ 0.046 1.122 101.28
8 8.052 + 0.102 1.268 100.65
12 11.915 £ 0.103 0.863 99.29
Y32 (ngml~h) 2 2.039 £ 0.021 1.045 101.95
4 4.016 £ 0.035 0.872 100.40
6 6.121 + 0.0028 0.452 102.02
Y33 (ngml~h) 2 2.029 + 0.035 1.714 101.47
4 3.959 + 0.024 0.601 98.98
6 5.935 + 0.077 1.296 98.92

4 Standard deviation, S.D. (n=10).

Y31,Y32and Y33 are 1.94,3.06,3.98,11.63,4.51 and 5.15 min, selectivity, linearity, precision, accuracy, limit of detection, limit

respectively. Relative standard deviation of the retention times of quantitation and robustness were defined.

were lower than 2%. Placebo mixture chromatogram indicates no significant
After establishing the optimal separation conditions, method  interfering peaks at the analyzed compounds retention times.

was subjected to method validation and parameters in terms of ~ Therefore selectivity was proved.

Table 3

Accuracy of the RP-HPLC method

Compound Injected Found RSD (%) Recovery (%)

Perindopril fert-butylamine (mgml~!) 0.32 0.332 & 0.001° 0.222 103.78
0.4 0.406 + 0.002 0.566 101.55
0.48 0.484 + 0.001 0.308 100.83

Perindoprﬂat (Mg m]’l) 6.4 6.547 + 0.103 1.579 102.29
8 7.953 £ 0.083 1.049 99.54
9.6 9.824 + 0.060 0.611 102.33

Y31 (ugml~h) 6.4 6.827 £ 0.067 0.974 106.67
8 8.421 £ 0.123 1.466 105.27
9.6 9.917 £ 0.038 0.386 103.30

Y32 (p.gml‘l) 3.2 3.125 £ 0.017 0.549 97.66
4 3.897 + 0.023 0.581 97.43
4.8 4.68 £+ 0.032 0.676 97.50

Y33 (Mgmrl) 3.2 3.235 £ 0.038 1.186 101.41
4 4.033 £ 0.033 0.827 100.83
4.8 4.836 £ 0.032 0.669 100.75

@ Standard deviation, S.D. (n=5).
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Table 4
Limit of detection (LOD) and limit of quantification (LOQ)

Compound LOQ? (ugml™1) LOD? (ugml™1)
Perindopril fert-butylamine 0.04 0.02
Perindoprilat 0.03 0.01
Y31 0.15 0.05
Y32 0.06 0.03
Y33 0.03 0.01

2 Experimentally determined values.

Linear relationships of the peak area over the mentioned
concentration range for perindopril fert-butylamine and impu-
rities perindoprilat, Y31, Y32 and Y33 were obtained. All
linearity parameters values are within the linearity accept-
able criteria. The calculated regression parameters are given in
Table 1.

The important statistical parameters for the method precision
evaluation were also being considered. Relative standard devi-
ation (RSD) were determined and their values are fulfilling the
required criteria (Table 2).

To evaluate the method accuracy, the recovery values for
laboratory mixtures were calculated. They are all within the
acceptable criteria (Table 3).

Being important for the quantitative analysis, limit of detec-
tion and limit of quantification were experimentally determined
and their values are given in Table 4. The signal-to-noise ratio
of 3:1 and 10:1 were taken as LOD and LOQ, respectively, and
further confirmed by taking dilutions from the secondary stock
solution till the peak area obtained has 3- (for LOD) and 10- (for
LOQ) fold then the standard deviation of six determination.

As defined by the International Conference on Harmonization
of Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH), the robustness of an analytical procedure
refers to its capability to remain unaffected by small and delib-

1.54

1.50
(5
g
Z 140
Z
Ped
-
g 142

Fig. 2. Three-dimensional plot of a; =f(%ACN, pH), a; is the selectivity factor
for perindopril fert-butylamine and unknown impurity.
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Fig. 3. Three-dimensional plot of oy =f (% ACN, pH), a5 is the selectivity factor
for Y32 and unknown impurity.

erate variations in method parameters [19]. The robustness test
starts with the selection of the factors that might influence the
performance of the method [20-22].

In this case the content of acetonitrile (from 34%, v/v, to
38%, v/v) and pH (from 2.2 to 4.0) of the mobile phase are
the factors important for chromatographic separation. Selec-
tivity factors were calculated for the critical pairs unknown
impurity/perindopril  fert-butylamine (o), Y32/unknown
impurity (o) and Y33/Y32 (a3). Important factors (acetonitrile
content and pH) were simultaneously changed in given range
and obtained results were estimate using Response Surface

101y ARG

Fig. 4. Three-dimensional plot of a3 =f (%ACN, pH), a3 is the selectivity factor
for Y33 and Y32.
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Fig. 5. The chromatogram of Prexanil® tablets.

Table 5
Quantitative analyses

Compound Injected (mg ml~ 1) Found (mg ml™ 1 Found (mg thl~1) RSD (%) Recovery (%)
Perindopril fert-butylamine 04 0.414 £0.001 4.138 £0.009* 0.220 103.45
Compound MACP (g ml~1) Found (g ml~1) Found (%)
Perindoprilat 8 1.2194+0.018* 0.305

Y31 8 0.681 £0.024 0.17

Y32 4 Not detected

Y33 4 Not detected

Unknown impurity 1 0.351 £0.026 0.088

@ Standard deviation, S.D. (n=10).
b MAC, maximum allowed content.

Methodology (RSM). This is a collection of mathematical
and statistical techniques useful for analyzing problems where
several independent variables influence a dependent variable
or response [23]. Based on the performed experiments three-D
graphs were constructed and presented in Figs. 2—4.

Analyzing the mentioned three-D graphs for selectivity fac-
tors of critical pairs, it can be concluded that, method is robust in
pH range from 2.2 to 2.5, with content of acetonitrile from 36%
to 38%. In those ranges of investigated factors, the proposed
method can be changed with no effect on the separation.

The proposed RP-HPLC method was then applied for
perindopril zert-butylamine and its impurities assay in Prexanil®
tablets. Appropriate chromatogram is presented in Fig. 5. The
content of perindopril tert-butylamine is between 103.05% and
103.83%. Impurity Y31 level of 0.17% and 0.30% of perindo-
prilat were within the required criteria, as being less than
determined 2 % each. Unknown impurity level of 0.088% was
in accordance with the requirement for other impurities, single,
of not more than 0.25% (Table 5).

4. Conclusions

The RP-HPLC method for the determination of impurities
level of perindopril fert-butylamine in tablets was developed,

validated and applied in pharmaceutical analysis. As there are
no references, in the present literature, concerning to simulta-
neous quantitative analysis of perindopril fert-butylamine and
its impurities the proposed method is quite novel. The method
was evaluated through the method validation and proved to be
selective, precise and accurate, so it can be used for separation,
identification and simultaneous determination of perindopril
tert-butylamine and its impurities. Therefore, the proposed
method as rapid and sensitive, presents the significant improve-
ment in chromatographic analysis and routine application of this
technique in drug analysis.
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