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Developing and Validation of a High-
Performance Liquid Chromatography 
Method for the Determination of Combined 
Perindopril, Indapamide and Amlodipine 
from Pharmaceutical Preparations

Research Article

ABSTRACT
High Performance Liquid Chromatographic method was developed and validated 
for the analysis of a pharmaceutical preparation (Triplixam®) consist of 
Perindopril (PRN), Indapamide (IND) and Amlodipine (AML) which are used for 
the control of hypertension in patients with high blood pressure. In this developed 
HPLC method, ACE 5 C18 analytical column (12.5 x 4.6 mm) was used for 
the analysis of PRN, IND and AML. Acetonitrile and 50 mM phosphate buffer 
mixture (40:60 v/v) was used as mobile phase. Measurements were obtained 
at 215 nm wavelength using UV detector. Retention times of PRN, AML and 
IND were 2.22, 3.48 and 5.05 min. respectively, at selected chromatographical 
conditions. The developed HPLC method was validated in terms of stability, 
accuracy, sensitivity, linearity, precision, specificity, ruggedness and robustness 
in accordance with ICH analytical method. Linear calibration curves were 
obtained in the range of 1.0-25.0 ppm; 1.0-8.0 ppm and 1.0-40.0 ppm for PRN, 
IND and AML, respectively. In this HPLC method the limit of detection values 
(LOD) for PRN, IND and AML were 0.25 ppm, 0.10 ppm and 0.15 ppm while 
limit of quantification values (LOQ) were 0.50 ppm, 0.25 ppm and 0.40 ppm, 
respectively. 
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1. Introduction

Hypertension is a public health problem because it 
causes serious complications and has a high inci-
dence in the community. In the treatment of essential 
hypertension, the active ingredients of Perindopril 
(PRN), Indapamide (IND) and Amlodipine (AML) 
are used simultaneously or in combinations. Each 
of the active ingredients lowers blood pressure and 
works together to control blood pressure. 

PRN inhibits an angiotensin converting enzyme 
(ACE) and increases bradykinin levels. Thus, vaso-
constriction is prevented, vasodilation occurs and 
peripheral vascular resistance decreases.

By inhibiting the reabsorption of sodium in the corti-
cal dilution segment, IND increases urinary output 
indirectly by increasing the excretion of sodium, 
chlorine and, to a lesser extent, potassium and mag-
nesium, thus an antihypertensive effect is observed. 
AML, on the other hand, decreases the systolic cal-
cium level by reducing the entry of calcium ions 
into the myocardial cells to the cardiac and vascular 
smooth muscles, and exerts an antihypertensive ef-
fect by reducing peripheral resistance (Figure 1).

Pharmaceutical preparation containing a combina-
tion of these three antihypertensive active ingre-
dients with complementary mechanisms, used to 
control blood pressure in patients with hypertension 
[1,2].

There are studies on the analysis of Perindopril, In-
dapamide and Amlodipine with different methods 
than pharmaceutical preparations alone. Among 
these methods, there are studies on Perindopril using 
the liquid chromatography method [3-6] and simi-
larly, there are studies on the analysis of Indapamide 
from pharmaceutical preparations by liquid chroma-
tography alone [7-8]. However, there were no studies 

on the analysis of Amlodipine from pharmaceutical 
preparations by liquid chromatography alone.

However, studies on the analysis of various com-
binations of amlodipine, one of the pharmaceutical 
preparations, with different active substances by 
liquid chromatography are frequently encountered 
[9-19]

On the other hand, there are studies on the analysis of 
the mixture of Perindopril with different active sub-
stances from pharmaceutical preparations by liquid 
chromatography [20].

Moreover; There are studies on the analysis of com-
binations of indapamide with different active sub-
stances by liquid chromatography [21-27].

There are also many studies on the dual combinations 
of the active ingredients of Perindopril, Indapamide, 
Amlodipine. Studies on the analysis of Perindopril-
Amlodipine mixture by liquid chromatography [28-
32], studies on the analysis of Perindopril-Indapam-
ide mixture by liquid chromatography [33-38] and 
studies on the analysis of Amlodipine-Indapamide 
mixture by liquid chromatography [39-41] are fre-
quently encountered in the sources.

The simultaneous determination of Perindopril, In-
dapamide and Amlodipine allows the analysis of the 
triple combination tablet with only one analytical 
method, thus saving time, effort and mobile phase 
consumption compared to analyzing each substance 
separately. In this context, the main purpose of this 
study is simultaneous analysis of the triple drug 
mixture of Perindopril, Indapamide and Amlodipine 
from pharmaceutical preparations with the high per-
formance liquid chromatography (HPLC) method. 
Analysis conditions will be optimized for the deter-
mination of Perindopril, Indapamide and Amlodi-
pine mixture by HPLC, and a method that allows 

Figure 1. Structure of (a) PRN, (b) AML, (c) IND
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the analysis of this mixture from a pharmaceutical 
preparation (tablet) will be developed. 

In the validation of the developed method, the meth-
od validation parameters required in the Internatio-
nal Conference on Harmonisation of Technical Re-
quirements for Registration of Pharmaceuticals for 
Human Use (ICH) guideline [42] and The United 
States Pharmacopeia (USP) [43] were tested and the 
results evaluated statistically.

There are liquid chromatography methods devel-
oped for the simultaneous analysis of Perindopril, 
Indapamide and Amlodipine in the literature [44-49], 
however, in this study, a new methodology was cre-
ated and validated, aiming to increase the analytical 
performance and improve the chromatographic sep-
aration of Perindopril, Indapamide and Amlodipine, 
compared to other liquid chromatography methods. 
Further discussion on the advantages and disadvan-
tages of other studies compared to our study will be 
included in the following sections.

2. Material and Methods

2.1. Chemicals

Acetonitrile (ACN, HPLC grade) and methanol were 
purchased from Iso-Lab, while potassium dihydro-
gen phosphate (KH2PO4, analytical grade) from 
Merck. Ultrapure water was obtained from Barn-
stead NanoPure Diamond System. PRN, IND, AML 
active pharmaceutical ingredients and NPX which is 
used as internal standard (IS), were purchased from 
Merck. Triplixam® 5 mg/1.25 mg/10 mg tablets were 
purchased from local pharmacies.

2.2. Instrumentation and chromatographic 
conditions

Thermo Separation Products System HPLC system 
consisting diode array detector was used for chro-
matographic analysis. 215 nm wavelength was cho-
sen as detector wavelength. Analysis was performed 
using ACE C18 (125 × 4.6 mm, 5 µm) analytical 
column. Flow rate of 1.0 mL/min and injection vol-
ume of 5 µL were set. Column oven temperature was 
set to 35 °C. NaH2PO4 (pH 4.6; 50 mM), and EtOH 
(95:5, v/v) utilized as mobile phase. System suitabil-
ity parameters as capacity factor (k’), selectivity (α), 
plate number (N), and resolution (Rs), and tailing 
factor parameters (T) were inspected according to 

acceptance criteria of k’>2, RSD≤ 1, N > 2000, Rs 
> 1.5, T<2.

2.3. Preparation of stock solutions and working 
solutions

PRN, IND and AML stock solutions were prepared 
in ACN while IS prepared in methanol. Working so-
lutions were prepared daily in desired concentrations 
in the mobile phase with addition of 10 µL of the 
internal standard (IS). 

2.4. Preparation of synthetic tablet solutions 
and tablet samples

Calcium Carbonate, Pregelatinized Starch, Micro-
crystalline Cellulose (E 460), Croscarmellose Sodi-
um (E 468), Magnesium Stearate (E 572), Colloidal 
Anhydrous Silica, Glycerol (E 422), Hypromellose 
6mPa.s (E 464), Macrogol 6000 and Titanium Di-
oxide (E 171) was weighed in certain amounts and 
a synthetic tablet solution was prepared by adding 
known amounts of standard PRN, IND and AML (5 
mg PRN / 1.25 mg IND / 10 mg AML) to this mix-
ture.

10 tablets are weighed and ground into powder in 
a mortar. One tablet weight of this obtained tablet 
powder is weighed and dissolved with ACN in a 50 
mL flask. Thus, a solution containing 100 ppm PRN, 
25 ppm IND, and 200 ppm AML is obtained. From 
this filtered solution, 80 µL is taken into each vale 
and after adding 20 µl of the internal standard stock 
solution, the total volume is made up to 1000 µL 
with the mobile phase.

3. Results and Discussion

In the simultaneous analysis of PRN, IND and AML 
from the pharmaceutical preparation with HPLC; re-
tention time, capacity factor, separation, number of 
theoretical layers and peak symmetry ratio are the 
chromatographic parameters that are considered in 
determining the appropriate chromatographic condi-
tions.

Optimum conditions were tried to be determined 
by examining how the changes in column and filler, 
mobile phase organic solvent ratio, mobile phase pH, 
mobile phase flow rate and injection volume affected 
these chromatographic parameters. In the validation 
studies of the developed method, validation param-
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eters such as stability, specificity, linearity, accuracy 
and precision, sensitivity (lower and upper detection 
limits), recovery, robustness and ruggeddness pa-
rameters were evaluated on the basis of ICH guide-
line regulations [42] and USP requirements for phar-
maceutical analysis [43].

3.1. System suitability

System suitability study was performed with 6 re-
petitive injections of PRN, IND and AML standard 
solutions and the results of the peaks are given in Ta-
ble 8. The Relative Standard Error (RSD) values for 
injection precision of 6 replicate experiments were 
found as 0.63, 0.64 and 0.59 respectively expressing 
high precision. Peak asymmetry factor of 0.99, 1.03 
and 0.99, theoretical plate number of 2159, 3254 and 
3481 were found respectively. Resolution between 
PRN and AML was 2.38 and 1.99 between AML and 
IND which should be at least 1.5. All the parameters 
for PRN, IND and AML from tablet was compatible 
with USP [43].

3.2. Selectivity

Chromatograms of prepared placebo, standard, syn-
thetic and pharmaceutical preparation solutions were 
examined. The fact that the retention times of the 
peaks of the substances and the internal standard are 
the same and no other peaks are observed, shows 
that the matrix does not affect the analysis and the 
method is selective (Figure 2). 

Also, in search for matrix effect on the quantitative 
analysis of the active pharmaceutical ingredients, 
standard addition method is used. Since the slopes of 
the lines obtained from the standard addition method 
and the slopes of the lines obtained from the calibra-
tion method are very close to each other, calibration 
lines were used in the analysis of pharmaceutical 
preparations.

3.3. Linearity 

The ratio of PRN, IND and AML peak areas to the 
internal standard (NPX) area against PRN, IND and 
AML concentrations was plotted and linear calibra-
tion curves were obtained (Table 1).

3.4. Accuracy and precision 

The methodology used to conduct accuracy and pre-
cision studies based on intra-day and inter-day meas-
urements. The study involved analyzing solutions 

of PRN, IND, and AML at different concentrations. 
Intra and inter-day accuracy and precision were as-
sessed by preparing and analyzing six different so-
lutions at three concentrations on the same day and 
on six consecutive days (Table 2). Accuracy was de-
termined by calculating the % relative error, which 
compared the amount of substances added to the 
amount found. Precision was assessed using mean ± 
standard error, standard deviation, and percent rela-
tive error values. Additionally, precision was dem-
onstrated through injection and method repeatability 
tests, as shown in Table 3, where the methods exhib-
ited a strong level of precision, evident from stand-
ard deviations measuring under 2.

3.5. Sensitivity

Limit of Detection (LOD) was taken as the lowest 
detectable concentrations of PRN, IND and AML 
when the signal-to-noise (S/G) ratio was 3. Limit of 
Quantification (LOQ) was taken as the lowest detect-
able PRN, IND and AML concentrations when the 
(S/G) ratio was 10 (96) (Table 1). 

The LOD values of PRN, IND and AML analyzed by 
HPLC were 0.25 ppm, 0.10 ppm and 0.15 ppm and 
the LOQ values were 0.50 ppm, 0.25 ppm and 0.40 
ppm, respectively.

3.6. Ruggedness and robustness

In order to demonstrate the robustness of the devel-
oped HPLC method, when small changes were made 
in the method parameters, it was examined to what 
extent the findings were affected by these changes. 
The results obtained as a result of changes in ACN 
ratio, mobile phase pH, buffer concentration and 
flow rate were compared with the results obtained 
in the optimum condition and no difference was 
observed. In the light of this information, the devel-
oped HPLC method was proved to be robust to small 
changes in the method parameters, i.e. no change in 
any way (Table 4).

To determine whether the method was consistent, the 
difference between the results of the analyses per-
formed by two different analyzers was statistically 
compared. As a result, it was found that the differ-
ence between the 1st and 2nd analyzer was not sta-
tistically significant, proving the consistency of the 
developed HPLC method Table 5, p > 0.05.
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Figure 2. Chromatograms of (1) placebo), (2) standards ve IS (3), Synthetic Tablet, (4) 

Pharmaceutical preparation (tablet); PRN (8 ppm), AML (16 ppm) ve IND (2 ppm) 

Chromatographic Conditions: ACN: 50 mM phosphate buffer (40:60, v/v), pH: 3.0, Flow rate: 

1.0 mL/min., Injection volume: 20 µL. 

 
3.3. Linearity  

The ratio of PRN, IND and AML peak areas to the internal standard (NPX) area against PRN, 

IND and AML concentrations was plotted and linear calibration curves were obtained (Table 

1). 

 

Table 1. Characteristics of calibration curves 

PRN AML IND

Regression Equation y=0.0206x+0.0139 y=0.0516x+0.0356 y=0.1141x+0.0231

Correlation Coefficient (R2) 0.9987 0.9992 0.9999

Linearity Range (ppm) 1.0 – 25.0 1.0 – 40.0 1.0 – 8.0

LOD, Limit of Dedection (ppm) 0.25 0.15 0.10

LOQ, Limit of Qantification 
(ppm) 0.50 0.40 0.25

Figure 2. Chromatograms of (1) placebo), (2) standards ve IS (3), Synthetic Tablet, (4) Pharmaceutical preparation (tablet); 
PRN (8 ppm), AML (16 ppm) ve IND (2 ppm). Chromatographic Conditions: ACN: 50 mM phosphate buffer (40:60, v/v), pH: 
3.0, Flow rate: 1.0 mL/min., Injection volume: 20 µL.

(1)

(2)

(3)

(4)
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Table 2. Accuracy and precision values of the developed methods for PRN, IND and AML from tablet 

Added PRN
(ppm, n=6)

Intra-day Inter-day

Found (ppm) Found (ppm)

2 ppm

X̄ 1.98 ± 0.01 1.99 ± 0.01

SD 0.01 0.01

RSD (%) 0.65 0.71

5 ppm

X̄ 5.06 ± 0.00 4.98 ± 0.03

SD 0.01 0.06

RSD (%) 0.21 1.31

15 ppm

X̄ 15.23 ± 0.02 15.15 ± 0.06

SD 0.06 0.15

RSD (%) 0.36 0.10

Added IND
(ppm, n=6)

Intra-day Inter-day

Found (ppm) Found (ppm)

2 ppm

X̄ 2.03 ± 0.00 2.02 ± 0.00

SD 0.00 0.01

RSD (%) 0.20 0.50

4 ppm

X̄ 4.05 ± 0.01 4.05 ± 0.01

SD 0.03 0.02

RSD (%) 0.67 0.63

6 ppm

X̄ 6.02 ± 0.00 6.05± 0.02

SD 0.01 0.05

RSD (%) 0.16 0.76
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Added AML
(ppm, n=6) 

Intra-day Inter-day

Found (ppm) Found (ppm)

2 ppm

X̄ 1.99 ± 0.00 2.00 ± 0.01

SD 0.01 0.01

RSD (%) 0.53 0.70

8 ppm

X̄ 8.02 ± 0.02 8.01± 0.04

SD 0.04 0.09

RSD (%) 0.53 1.17

25 ppm

X̄ 25.11 ± 0.01 25.14 ± 0.15

SD 0.01 0.36

RSD (%) 0.54 1.44

X̄: Mean ±Standard error, SD: Standard Deviation, RE: Relative error, RSD: Relative Standard Deviation

Table 3. Method repeatability findings of the developed HPLC method (analyzed PRN: 5 ppm, IND: 4 ppm, AML: 8 ppm, 
NPX: 4 ppm, n=10) 

PRN IND AML

Found (ppm) Found (ppm) Found (ppm)

 4.97±0.01
SD 0.03

RSD %0.65

 4.00±0.02
SD 0.05

BSS %1.34

 8.02±0.03
SD 0.09

BSS %1.08

X̄: Mean ± Standard error, SD: Standard Deviation, RSD: Relative Standard Deviation

Table 4. Robustness results of tablet analysis (Added 5 ppm PRN, 4 ppm IND ve 8 ppm AML, 4 ppm NPX, n=3)

Parameters Found %BSS p value

Optimum conditions 9.94 ± 0.06 0.99 -

Flow rate 0.9 mL/min 9.99 ± 0.10 1.66 0.67

Flow rate 1.1 mL/min 10.00 ± 0.06 1.05 0.51

Column temperature 33 °C 9.98 ± 0.04 0.67 0.57

Column temperature 37 C 9.86 ± 0.03 0.45 0.27

Buffer concentration 47.5 mM 9.95 ± 0.08 1.39 0.95

Buffer concentration 52.5 mM 10.06 ± 0.04 0.76 0.19

Acetonitrile ratio 36 % 9.88 ± 0.06 0.99 0.47

Acetonitrile ratio 44 % 9.94 ± 0.07 1.19 0.98
The results were compared with the results obtained under optimum conditions (p > 0.05).
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3.7. Recovery 

Recovery values of synthetic preparation solution 
containing 5 mg PRN, 1.25 mg IND, 10 mg AML 
and excipients are given in Table 6.

3.8. Application to tablet analysis 

The results obtained from the analysis of PRN, IND 
and AML from the pharmaceutical preparation by 
HPLC are presented in Table 7.

3.9. System suitability test

The system suitability test was performed with 6 rep-
licate injections of PRN, IND and AML standard so-
lutions. System suitability parameters for PRN, AML 
and IND peaks are given in Table 8.

4. Conclusion

HPLC method has been developed for the determi-
nation of PER, IND and AML simultaneously in 
pharmaceutical dosage form. The developed HPLC 
method was validated in terms of stability, accuracy, 
sensitivity, linearity, precision, specificity, rugged-
ness and robustness in accordance with ICH Q2 (R2) 
guideline.

Within the scope of the validation studies, valida-
tion parameters such as stability of analyte solutions, 
specificity, linearity, accuracy and precision, lower 
and upper limits of determination, recovery, repro-
ducibility, robustness and ruggedness were evaluated 
and it was found that all parameters met the accept-
ance criteria. Linear calibration curves were obtained 

Table 5. Ruggedness results of tablet analysis (Added 5 ppm PRN, 4 ppm IND ve 8 ppm AML, 4 ppm NPX) 

Injection Repeatability for PRN

Analyst 1 Analyst 2

Added (µg mL-1) 5 5

X̄ 5.01±0.03 5.01±0.01

SD 0.07 0.02

RSD 1.32 0.36

Wilcoxon Test TH= 11 > TT= 2

Injection Repeatability for IND

Analyst 1 Analyst 2

Added (µg mL-1) 4 4

X̄ 3.96±0.02 3.98±0.02

SD 0.05 0.05

RSD 1.17 1.28

Wilcoxon Test TH= 15 > TT= 2

Injection Repeatability for AML

Analyst 1 Analyst 2

Added (µg mL-1) 8 8

X̄ 7.98±0.04 7.98±0.05

SD 0.11 0.12

RSD 1.38 1.47

Wilcoxon Test TH= 12 > TT= 2

X̄: Mean ± Standard error, SD: Standard Deviation, RE: Relative error, RSD: Relative Standard Deviation
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in the range of 1.0-25.0 ppm for PRN, 1.0-8.0 ppm 
for IND and 1.0-40.0 ppm for AML. The correlation 
coefficients close to 1.0000 indicate that the calibra-
tion curves obtained are linear. The LOD and LOQ 
values indicate that the developed HPLC method is 
highly sensitive for the analysis of the pharmaceuti-
cal preparation. In intra-day and inter-day accuracy 
and precision studies, % RE (relative error) values 
less than 2% prove the accuracy of the method and 

% RSD (relative standard deviation) values less than 
1.5% prove the precision of the method. In addition, 
the ruggedness and robustness of the method has 
been demonstrated.

Compared to other studies (44-47), the LOD and 
LOQ values   obtained in our study (The LOD val-
ues of PRN, IND and AML were 0.25, 0.10 and 
0.15 ppm; the LOQ values were 0.50, 0.25 and 
0.40 ppm, respectively) showed that the sensitivity 

Table 6. Results of PRN, IND and AML amount from synthetic tablet (Added 5 mg PRN, 1.25 mg IND ve 10 mg AML, n=6) 

PRN (5 mg) IND (1.25 mg) AML (10 mg)

X̄ 5.00±0.01 1.26±0.004 10.03±0.03

SD 0.03 0.01 0.06

RSD 0.65 0.74 0.66

X̄: Mean ± Standard error, SD: Standard Deviation, RE: Relative error, RSD: Relative Standard Deviation

Table 7. Results of analysis of pharmaceutical preparations (n=6)

Triplixam 5 mg/1.25 mg/10 mg Film Coated Tablet

PRN (5 mg) IND (1.25 mg) AML (10 mg)

X̄ 5.00±0.01 1.25±0.003 9.98±0.02

SD 0.02 0.01 0.05

RSD 0.39 0.62 0.53

X̄: Mean ±Standard error, SD: Standard Deviation, RE: Relative error, RSD: Relative Standard Deviation

Tablo 8. System suitability parameters for PRN, AML and IND peaks 

PRN PRN-AML AML AML-IND IND

Retention Time (dk) 2.22 3.48 5.05

Retentipn Time % BSS 0.10 0.20 0.10

Enjection Repeatability 0.63 0.64 0.59

Capacity Factor 0.76 1.78 3.04

Resolution 2.38 1.99

Symmetry Factor 0.99 1.03 0.99

Number of Theoretical Plates 2159 3254 3481
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of the method we developed was much higher. At 
the same time, the method we developed provides 
advantages in terms of both time and cost due to 
its shorter analysis time compared to the study by 
Chaudhary et al. [45] and the study by Patel et al. 
[48]. On the other hand, in the study conducted by 
Karadurmus et al. [49], the capacity factor values   
were determined as 0.5, 1.02 and 1.92 for PRN, AML 
and IND, respectively. In our study, the capacity fac-
tor values   were determined as 0.76, 1.78 and 3.04 
for PRN, AML and IND, respectively. As is known, 
in the liquid chromatography method, a high capac-
ity factor means that elution takes a very long time, 
while a low capacity factor means that there is a low 
level of interaction between the substance and the 
stationary phase. In this context, when compared 
with the study conducted by Karadurmus et al. [49], 
the method we developed showed a good improve-
ment in the capacity factor. In addition, the internal 
standard method was used in our study, and thus any 
loss in the sample during analysis was balanced with 
an equal loss of the internal standard, thus reducing 
systematic or unsystematic errors in analytical meas-
urements. None of the studies [44-49] on the simul-
taneous analysis of the triple combination of PRN, 
AML, IND by liquid chromatography used internal 
standards. In this respect, the method we developed 
provides advantages over other methods.

With the developed method, PRN, IND and AML 
were successfully analyzed simultaneously from 
combined dosage form. The proposed method can 
be applied for analysis of combined dosage form, al-
lowing the savings of time, effort, and cost. Based on 
its frequent use in R&D and routine analysis labora-
tories, the developed HPLC method is recommended 
to be used for routine analysis in laboratories in the 
pharmaceutical industry and all other related fields.
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