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Abstract A RP-LC method is presented, which is sensi-

tive and selective for the simultaneous determination of

enalapril–lercanidipine and enalapril–nitrendipine binary

mixtures in their pharmaceutical dosage forms. The analyte

peaks were detected using the LC method with the mobile

phase ratio of methanol: water (70:30 v/v, pH 3.0) and a

1.0 mL min-1 flow rate. The detection wavelength was

selected at 210 nm using photo diode array detector and

column temperature was optimized to 30 �C. Linearity was

obtained at different concentration ranges for all working

pharmaceutically active compounds between 0.5 and

25 lg mL-1. The proposed methods were extensively val-

idated according to USP 27 requirements and ICH guide-

lines. The methods were applied to the analysis of

pharmaceutical dosage forms containing binary mixtures of

enalapril–lercanidipine and enalapril–nitrendipine. More-

over, the proposed methods were applied for the degrada-

tion studies of the selected compounds. Degradation studies

were conducted using stress conditions such as UV light,

acidic and alkaline hydrolysis, oxidation and heat in oven,

to evaluate the ability of the separation of the response of

standard compounds from their degradation products.
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Introduction

Angiotensin converting enzyme (ACE) inhibitors have

been used clinically to treat hypertension and congestive

heart failure [1–4].

Enalapril maleate (ENA) is an ACE inhibitor (Fig. 1a),

which owes its activity to enalaprilat in which it is con-

verted after oral administration [5–7]. Lercanidipine

hydrochloride (LER), classified as 1,4-dihydropyridine

calcium-channel blocker is used in hypertension treatments

[8, 9] (Fig. 1b). Nitrendipine (NIT), a potent dihydropyri-

dine, is a calcium-channel blocker with vasodilatory

properties is used in the long-term treatment of hyperten-

sion [10, 11] (Fig. 1c).

The simultaneous determination of the three or more

compounds by liquid chromatography is often a difficult

task and the problem is exacerbated if these compounds are

included in pharmaceutical dosage forms with potential

interference from excipients. Specific RP-LC method

development validation studies are therefore very impor-

tant due to the widespread use of LC in routine analysis. It

is important to note that sensitive, selective, rapid, accu-

rate, precise and fully validated LC methods are required

[12–14]. Therefore, to improve separation efficiency and

lower the consumption of organic solvents can be achieved

by the use of novel chromatographic columns containing

novel stationary phases. These materials are chosen espe-

cially for their ability to accommodate wide pH ranges and

achieve specialized separations. There have been limited

reports on the simultaneous determination of ENA, LER,

and NIT [15–17] and in dosage forms [18–22].

Published in the topical collection New Developments for the

Sensitive and Validated Drug Analysis Using Chromatographic

Methods with guest editor Sibel A. Ozkan.

S. Kurbanoglu � M. Gumustas � B. Uslu � S. A. Ozkan (&)

Department of Analytical Chemistry, Faculty of Pharmacy,

Ankara University, Ankara, Turkey

e-mail: Sibel.ozkan@pharmacy.ankara.edu.tr

M. Gumustas

Department of Chemistry, Science and Literature Faculty,

Hitit University, Corum, Turkey

123

Chromatographia

DOI 10.1007/s10337-013-2465-z



The aim of this study is the optimization of a novel,

rapid, selective, accurate, precise, and sensitive method for

the simultaneous determination of ENA–LER–NIT. After

the optimization process and validation, the developed

method was applied to analysis of binary mixtures of

ENA–NIT and ENA–LER in dosage forms using the same

conditions to provide an economically viable method for

the routine determination in laboratories.

Experimental

Chemicals and Reagents

All chemicals and solvents were of analytical reagent

grade. Enalapril, lercanidipine and nitrendipine and their

binary pharmaceutical dosage forms were kindly provided

from Nobel, Recordati and Adeka Pharm. Companies,

respectively. Chromatography grade trifluoroacetic acid

(TFA), acetonitrile, and methanol (Merck, Darmstadt,

Germany) and doubly distilled water were used for pre-

paring the mobile phase solutions.

Materials and Methods

The Agilent 1100 series LC system (Wilmington, DE) was

used for the method development and validation studies,

equipped with a G1379A degasser, G1311A quaternary

pump, G1313 auto injector and G1315B diode array

detector. The chromatographic separations were performed

at 30 �C using X Terra� RP18 (250 mm 9 4.60 mm ID,

5 lm, Waters, Milford, MA, USA) column as the station-

ary phase.

Chromatographic Method Conditions

An isocratic mobile phase consisting of a mixture of

methanol: water (70:30; v/v) containing with trifluoroacetic

acid (15 mM) was used for the separation of both ENA–

NIT and ENA–LER. The pH of the mobile phase was

adjusted to 3.0 using 5.0 M NaOH, and then the mobile

phase was degassed and filtered. The column was pre-

conditioned at 30 �C in a column oven with mobile phase

before the first injection. 1.0 mL min-1 flow rate was

applied for the separation of both binary mixtures. The

analyte peaks were detected at 210 nm using diode array

detector and real-time spectra were recorded between 200

and 400 nm with high specificity. The injection volume

was 10 lL. The dead time (t0) was measured by injecting

uracil solution (0.01 % w/v in water). The chromatograms

were recorded and the peaks were quantified using an

automatic integrator.

Preparation of Stock and Working Solutions

Stock solutions of ENA, LER, and NIT were prepared by

dissolving 10.0 mg of each compound in 10 mL methanol

(1,000 lg mL-1 stock), separately. Working solutions for

RP-LC method were prepared from these stock solutions

by dilution with the mobile phase. In this research, LER

used as the internal standard for ENA–NIT binary mixture

and NIT was used as the internal standard for ENA–LER

binary mixture. The concentration of IS was maintained at

a constant level of 5 lg mL-1. In RP-LC methods,

robustness, precision, and accuracy can often be enhanced

by the use of an appropriate internal standard (IS) [12,

13]. Internal standard technique offers more reliable

results, since the IS is added to the system always with

the same concentration. The ratio of the peak area of the

drug active compound over the peak area of the IS vs. the

drug active compound concentration plots are presented

as the calibration curves for the RP-LC analysis in which

IS is used.

All stock solutions stored at ?4 �C, kept away from

light and used within 24 h to avoid decomposition.
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Fig. 1 The structures of a ENA b LER and c NIT
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Analysis of Pharmaceutical Dosage Forms

For both binary mixtures, 10 tablets were accurately

weighed ZANIPRESS� film-coated tablets containing

10 mg ENA, and 10 mg LER and ENIT� film-coated

tablets containing 10 mg ENA and 20 mg NIT, crushed

and finely powdered. A weight of the powder equivalent to

one tablet content was accurately weighed and transferred

into 50 mL volumetric flask which was then diluted with

methanol, sonicated about 10 min before being made up to

volume with methanol. This solution was filtered and the

filtrate used to prepare solutions by taking suitable aliquots

of the clear filtrate. The IS was then added and dilution

with the mobile phase produced a final solution.

Accuracy and Precision Studies

Applicability of the proposed RP-LC method was con-

firming by utilizing recovery studies. Recovery as a mea-

sure of accuracy was achieved by analyzing the binary

mixtures of ENA–LER and ENA–NIT binary mixtures. To

confirm the accuracy of the RP-LC method and to deter-

mine the effects of common excipients in film-coated tablet

dosage forms, recovery experiments were also carried out

by adding known amount of pure drug to the pre-analyzed

tablets at three different levels as 50, 100, and 150 %. The

spiked sample concentration and actual added concentra-

tion were also calculated to obtain the mean percent

recovery. The precision studies were determined at dif-

ferent concentrations and represented the mean recovery

and RSDs %. Within-day precision was investigated by

injecting eight replicate samples at three different con-

centrations of the compounds. Between-day precisions

were assessed by injecting the samples over three consec-

utive days. For each of the compounds and all concentra-

tion levels, the relative error (Bias %), RSD % and

recovery results were determined.

Preparation of Stress Samples for the Degradation

Studies

Degradation studies were conducted as stress conditions of

UV light, acidic and alkaline hydrolysis, oxidation and

heat in oven to evaluate the ability of the proposed method

to separate the standard compound from its degradation

product [23]. Thermal and photo-degradation of the stan-

dard compounds in raw material were carried out in solid

state. For thermal stress testing, samples of drug sub-

stances were placed in a controlled-temperature oven at

100 �C for 24 h. For photolytic stress, samples of drug

substances in the solid state were irradiated with UV

radiation at 254 nm 24 h. For acidic, alkaline, and

oxidative degradation, solutions were prepared by dis-

solving raw material of ENA, LER, and NIT in methanol.

From this solution, aliquot amounts were diluted with HCl,

NaOH, and H2O2 to achieve a final concentration of

25 lg mL-1 for each solution. Acid and alkaline hydro-

lysis of ENA, LER, and NIT in the solution state was

conducted with 1.0 M HCl and 1.0 M NaOH for 60 min,

separately. For oxidative stress, sample solutions of ENA,

LER, and NIT in the solution state with 30 % H2O2 were

kept at 60 min.

After the degradation, aliquot amounts of these solutions

were diluted with mobile phase to achieve a final concen-

tration of 25 lg mL-1 of ENA, LER, and NIT. Appropri-

ate blank was injected before analysis of the forced

samples. Peak purity test was performed using DAD in

stress samples. The optimized method was used to study

the forced degradation behavior of ENA, LER, and NIT

and may also be applied in stability testing of pharma-

ceutical dosage forms.

Results and Discussion

A RP-LC method was developed for the simultaneous

determination of ENA–LER and ENA–NIT binary mix-

tures in their combined drug formulations using DAD

detection and of a new generation hybrid column. Appro-

priate analytical conditions such as column type, mobile

phase composition, pH and organic solvent type formed out

of the method development stage. Acetonitrile and meth-

anol were initially evaluated as the solvents for the mobile

phase, as they are mostly found in quality-control studies

and various mobile phase compositions and ratios were

investigated. Effect of phosphoric acid, trifluoroacetic acid,

and triethylamine was determined, to adjust the pH of the

mobile phase. Trifluoroacetic acid was chosen as a mobile

phase additive since it resulted in better resolution and peak

characteristics.

The hybrid column is thermally more stable and efficient

than the classical silica-based columns, with the particle

technology offering advantages in terms of pH, tempera-

ture, and loading capacity. This type of column specifically

gives superior peak shape for basic compounds due to

improved loading capacity under conditions of low ionic

strength.

In order to optimize the separation, the flow rate was

altered between 0.5 and 1.2 mL min-1 and the column

temperatures between 25 and 40 �C. The mobile phase

consisting of methanol:water (70:30, v/v) containing

15 mM trifluoroacetic acid, adjusted to pH 3.0, at

1.0 mL min-1 flow rate and 30 �C column temperature

was chosen as the final chromatographic conditions as

these offered superior separation, with good peak shape
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Fig. 2 Chromatograms of synthetic mixtures with increasing con-

centrations of a ENA; Blank (1), 1 lg mL-1 (2), 5 lg mL-1 (3),

10 lg mL-1 (4), 20 lg mL-1 (5), 25 lg mL-1 (6) in the presence of

10 lg mL-1 LER and 5 lg mL-1 NIT (IS), b LER; Blank (1),

1 lg mL-1 (2), 5 lg mL-1 (3), 10 lg mL-1 (4), 20 lg mL-1 (5),

25 lg mL-1 (6) in the presence of 10 lg mL-1 ENA and 5 lg mL-1

NIT (IS), c ENA; Blank (1), 1 lg mL-1 (2), 5 lg mL-1 (3),

10 lg mL-1 (4), 20 lg mL-1 (5), 25 lg mL-1 (6) in the presence

of 5 lg mL-1 LER (IS) and 20 lg mL-1 NIT d NIT; Blank (1),

10 lg mL-1 (2), 15 lg mL-1 (3), 20 lg mL-1 (4), 25 lg mL-1 (5),

30 lg mL-1 (6) in the presence of 10 lg mL-1 ENA and 5 lg mL-1

LER (IS)

Table 1 System suitability test

parameters
Parameters Recommended

value [24, 25]

Compounds ENA LER NIT

Resolution 2.866 7.286 3.125 [2

Selectivity factor 1.332 1.525 1.201 [1

Tailing factor 1.236 1.109 1.071 \2

Theoretical number of plates 3,339 5,242 7,499 [2,000

Table 2 Statistical evaluation

of the calibration data by RP-LC

a Each value is the mean of five

experiments

Compounds ENA LER ENA NIT

Retention time (min) 3.19 6.56 3.19 7.68

Linearity range (lg mL-1) 0.5–25 0.5–25 0.5–25 0.5–25

Slope (mAU lg-1 mL) 0.119 0.205 0.116 0.175

SE of slope 1.238 9 10-3 2.308 9 10-3 1.092 9 10-3 1.663 9 10-3

Intercept (mAU) -0.020 -0.0695 -0.0286 0.0557

SE of intercept 1.611 9 10-2 3.004 9 10-2 1.421 9 10-2 2.16 9 10-2

Correlation coefficient 0.999 0.999 0.999 0.999

LOD (lg mL-1) 0.058 0.038 0.022 0.008

LOQ (lg mL-1) 0.195 0.128 0.074 0.026

Within-day repeatabilitya (RSD %) 0.271 0.605 0.757 0.893

Between-day repeatabilitya (RSD %) 0.767 0.694 0.816 0.544
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and resolution. The optimum wavelength for detection was

selected 210 nm for all compounds.

The retention times obtained for ENA, LER, and NIT

were 3.19, 6.56, and 7.68 min, respectively. However, the

analysis time was set to 10 min to allow elution of all

possible excipients and/or degradation products (Fig. 2).

The chromatograms show a solvent peak for methanol

(MeOH), around 4 min due to the use of a wavelength

210 nm. For checking elution order of the procedure and

the exact runtime of each compound, ENA, LER, and NIT

were injected separately to the column using the same

selected conditions. Also binary mixtures and three of them

together were injected. The obtained results confirmed the

elution order of ENA, LER, and NIT.

In order to ensure the performance, resolution, and

reproducibility of the analytical system, system suitability

tests were evaluated [24, 25] according to The USP 27

requirements [26]. System suitability involving theoretical

plate number, tailing, etc. were determined using the

results reported in Table 1. The report complied with The

USP requirements.

Linearity was evaluated by linear regression analyses

and is reported in Table 2. Linearity was proven with a

correlation coefficients of [0.999. The low standard error

values of the slopes and the intercepts which showed the

precision of the method are reported in Table 2. Limit of

detection (LOD) and limit of quantification (LOQ) were

calculated from the equations of LOD = 3.3 s/m and

LOQ = 10 s/m [27] using the standard deviation of

response (s) and the slope of the calibration curve.

The LOD values were to be consistent with previously

published studies [15, 16]. In their research, Caglayan et al.

Table 3 Determination of ENA, LER and NIT in laboratory made mixtures using RP-LC method

Added (lg mL-1) Found (lg mL-1) Recovery (%) RSD (%) Bias (%)

ENA LER ENA LER ENA LER ENA LER ENA LER

1 10 1.013 10.029 101.336 100.287 1.015 0.189 -1.336 -0.287

5 10 5.017 10.017 100.343 100.168 0.258 0.839 -0.343 -0.168

10 10 9.996 10.025 99.959 100.247 0.209 0.190 0.041 -0.247

20 10 20.138 10.045 100.689 100.450 0.264 0.533 -0.689 -0.450

25 10 25.062 10.110 100.246 101.095 0.215 0.290 -0.246 -1.095

Added (lg mL-1) Found (lg mL-1) Recovery (%) RSD (%) Bias (%)

ENA NIT ENA NIT ENA NIT ENA NIT ENA NIT

1 20 1.008 20.250 100.791 101.248 1.258 0.404 -0.791 -1.248

5 20 5.008 20.003 100.156 100.016 1.021 1.272 -0.156 -0.016

10 20 10.025 20.015 100.215 99.969 0.228 0.245 -0.215 0.030

20 20 19.981 20.037 99.906 100.186 0.104 0.431 0.094 -0.186

25 20 25.000 19.998 100.001 99.989 0.355 0.205 -0.001 0.011

Added (lg mL-1) Found (lg mL-1) Recovery (%) RSD (%) Bias (%)

ENA LER ENA LER ENA LER ENA LER ENA LER

10 1 10.063 1.000 100.627 100.013 0.310 1.032 -0.627 -0.013

10 5 9.901 5.016 99.011 100.322 0.613 0.482 0.989 -0.322

10 10 10.042 10.050 100.416 100.496 0.117 0.651 -0.416 -0.496

10 20 10.043 19.936 100.431 99.681 0.352 0.837 -0.431 0.319

10 25 10.084 25.047 100.841 100.187 0.769 0.223 -0.841 -0.187

Added (lg mL-1) Found (lg mL-1) Recovery (%) RSD (%) Bias (%)

ENA NIT ENA NIT ENA NIT ENA NIT ENA NIT

10 5 10.047 5.047 100.470 100.936 0.220 0.609 -0.470 -0.936

10 10 9.929 10.039 99.288 100.386 0.400 1.597 0.712 -0.386

10 15 10.037 14.889 100.370 99.257 0.152 0.799 -0.370 0.743

10 20 10.078 20.038 100.777 100.189 0.427 0.494 -0.777 -0.189

10 30 9.944 30.166 99.436 100.554 0.466 0.608 0.564 -0.554
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[15] separated ENA–NIT, with a LOD value of

0.610 lg mL-1 for ENA and 1.520 lg mL-1 for NIT.

With our proposed method LOD value was obtained as

0.022 lg mL-1 for ENA and 0.008 lg mL-1 for NIT.

Gumustas et al. [16] achieved the separation of ENA–LER

binary mixture in 12 min with a LOD value of

0.124 lg mL-1 for ENA and 0.060 lg mL-1 for LER. El-

Wasseef et al. [17] obtained LOD of 0.800 lg mL-1 for

ENA and 0.930 lg mL-1 for LER. In our case, LOD value

is 0.058 lg mL-1 for ENA and 0.038 lg mL-1 for LER.

The present research has overcomes with the given litera-

tures from the view of sensitivity.

Precision data in terms of within-day and between-day

variability are summarized in Table 2. The precision

studies were determined with different concentrations and

are confirmed by mean recovery and RSDs % values.

Based on these results, there was no significant difference

for the assay, within-day and between-days.

For each of the compounds and all concentration levels,

the relative error (Bias %), RSD % and recovery results

were reported in Table 3. In order to demonstrate the

accuracy, precision and the applicability of the proposed

RP-LC methods, recovery studies were undertaken by

analyzing in laboratory made mixtures of ENA, LER, and

NIT which produces different composition ratios such as

different concentration of ENA were added to the

10 lg mL-1 LER in the presence of IS. All recoveries

datum were given in Table 3 with their RSD and BIAS

values.

Analysis of Pharmaceutical Dosage Forms

According to the results of the standard compounds and

their binary mixtures, the proposed method can be applied

to the simultaneous determination of ENA–LER and ENA–

NIT binary mixtures in their film-coated tablet dosage

forms. All proposed methods could be used for the

simultaneous determination of binary drug active mixtures

in the presence of each other and without prior separation

of the inactive excipients such as starch, lactose monohy-

drate, sodium hydrogen carbonate, magnesium stearate,

etc. ENA, LER and NIT were eluted, well resolved from

each, with good symmetrical peak shapes as can be seen

from Fig. 3. For ENA–LER pharmaceutical dosage form,

label claim was 10.00 mg ENA, 10.00 mg LER. With the

proposed method, it was found to be 10.021 mg ENA and

10.042 mg LER with RSD % values of 0.670 and 0.592,

and Bias % values of -0.209 and -0.421, respectively. For

ENA–NIT pharmaceutical dosage form, label claim was

Table 4 Results of recovery analysis from pharmaceutical dosage forms

50 % Accuracy 100 % Accuracy 150 % Accuracy

ENA LER ENA NIT ENA LER ENA NIT ENA LER ENA NIT

Added (mg) 5.000 5.000 5.000 5.000 10.000 10.000 10.000 10.000 15.000 15.000 15.000 15.000

Founda (mg) 5.014 5.010 5.007 4.997 10.007 10.040 10.008 10.026 15.008 14.979 15.021 15.011

Recovery (%) 100.274 100.200 100.135 99.933 100.069 100.399 100.080 100.255 100.055 99.862 100.139 99.982

RSD of recovery

(%)

0.151 0.045 0.299 0.193 0.303 0.193 0.885 0.355 0.125 0.243 0.220 0.238

Bias (%) -0.274 -0.200 -0.135 0.067 -0.069 -0.399 -0.080 -0.255 -0.055 0.138 -0.139 -0.074

a Each value is the mean of five experiments

Fig. 3 Chromatograms obtained from the mobile phase (a) and

pharmaceutical dosage forms (b); related with (A) ZANIPRESS� in

the presence of 5 lg mL-1 NIT (IS) (B) ENIT� in the presence of

5 lg mL-1 LER (IS)
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10.00 mg ENA, 20.00 mg NIT. With the proposed method,

it was found as 10.038 mg ENA and 20.024 mg NIT with

RSD % values of 0.317 and 0.286, and Bias % values of

-0.380 and -0.122, respectively.

To determine the accuracy and precision of the method

for the dosage forms, a known amount of pure drug was

added to the pre-analyzed tablets at three different levels as

50, 100, and 150 %. As shown in Table 4, good percentage

recovery data and low RSD % values showed that all of the

proposed methods are free from the interferences of the

excipients present in the formulations.

Degradation Studies

The specificity of the developed RP-LC method for ENA,

LER, and NIT was assayed in the presence of its phar-

maceutical formulations and degradation products. The

chromatograms of ENA, LER, and NIT, after being

Fig. 4 a Standard chromatogram, b 1 M acid hydrolysis, c 1 M alkaline hydrolysis, d oxidative stress with 30 % H2O2, e 24 h UV at 254 nm,

and f 24 h dry heat in oven at 100 �C (I)Enalapril (II) Lercanidipine (III) Nitrendipine 25 lg mL-1
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subjected to different degradation conditions, were com-

pared with blank and freshly prepared standard after

injecting in a similar manner. The results of the specificity

of the developed method using stress-testing in addition to

that of monitoring standard solutions of ENA, LER, and

NIT in the presence of its degradation products indicated a

high degree of specificity. The stress conditions of acid

hydrolysis using 1.0 M HCl, alkaline hydrolysis using

1.0 M NaOH and oxidative stress with 30 % H2O2 for

60 min, 24 h waited under UV light at 254 nm and 24 h

dry heat in oven at 100 �C were conducted [23]. Typical

chromatograms obtained following the assay of untreated

standard samples and stressed samples are shown in Fig. 4.

The percentages of degradation of the compound amounts

were reported in Table 5.

Stress-degradation studies of the drug substances can

help to identify the possible degradation products. Hence,

the degradation pathways, the intrinsic stability of the

molecule and the stability indicating power of the analyt-

ical procedures can be established. In 1.0 M NaOH alka-

line hydrolysis for 60 min, the peak of LER has a shoulder

therefore the area and retention time increased because of

degradation. Using 1.0 M HCl and 1.0 M NaOH for acid

and alkaline hydrolysis, respectively, about 60 min stress

conditions, ENA cannot be detected because of decreased

retention time, so ENA peak is overlaided with the solu-

tions peak. The results indicated that the forced degrada-

tion studies using the proposed method, degradation peaks

for these compounds were purely separated from the main

peaks except ENA in acidic and basic hydrolysis.

Conclusion

In this research, a sensitive and reliable RP-LC method was

developed for the quantitation of binary mixtures of ENA–

LER–NIT using the same chromatographic method. This

optimized method was applied to real samples using the

same conditions to binary mixtures of ENA–LER and

ENA–NIT. The proposed method was accurate and precise

both for the laboratory made mixtures and for film-coated

tablet dosage forms. The proposed method performed

better than the previously published methods [15, 16] in

terms of retention times and LOD and LOQ values. Total

analysis times of binary mixtures were shorter than 8 min

for the simultaneous determination of ENA–LER and

ENA–NIT using XTerra� column. Besides, the proposed

methods are simple, and do not require extraction. The

proposed method was the refuse adequately validated,

evaluated for applicability to its included use and proved to

be able to determine ENA–LER and ENA–NIT simulta-

neously in dosage forms.
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