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ABSTRACT

Background: Hypertension is a widely prevalent cardiovascular disorder associated with
significant morbidity and mortality, and its effective management often necessitates
combination drug therapy. Objectives: The present study was undertaken to develop and
validate a Reversed-Phase High-Performance Liquid Chromatographic (RP-HPLC) method for
the simultaneous estimation of Efonidipine hydrochloride ethanolate and Metoprolol tartrate
in a fixed-dose combination using Simvastatin as an internal standard. Materials and Methods:
Separation of the analytes was achieved on a C8 column using a mobile phase comprising
(Acetonitrile: Methanol: Water) with the pH 3.0 using 1% orthophosphoric acid, in the proportion
of 50:30:20 (v/v/v). The mobile phase was pumped at a constant flow rate of (1.0 mL/min), and
detection was performed at 220 nm with a UV detector. Results: The retention times of Metoprolol,
Efonidipine and Simvastatin were found to be 3.79 min, 5.74 min and 7.11 min, respectively. The
method exhibited linearity over the concentration range of (10-320 ug/mL) for Efonidipine and
(6.25-150 pg/mL) for Metoprolol, with correlation coefficients greater than 0.999. Conclusion:
The developed method was validated in accordance with ICH guidelines for parameters such
as accuracy, precision, sensitivity and robustness. The results demonstrated that the method is
reliable and suitable for routine analysis of these drugs in pharmaceutical formulations.
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INTRODUCTION

Chronic elevation of arterial blood pressure is a defining feature
of hypertension and contributes significantly to cardiovascular
risk. It is frequently progresses without any measurable
symptoms while significantly increasing the risk of cardiovascular
complications. Sustained elevation of blood pressure above
140/90 mmHg is generally considered hypertensive. Long-term
uncontrolled hypertension can lead to serious complications,
including arrhythmia, coronary artery disease, heart failure, renal
impairment, and stroke.'

In clinical practice, effective control of hypertension frequently
necessitates the use of combination therapy. Clinical evidence
suggests that a large proportion of patients require combination
therapy to achieve the desired therapeutic outcome. Several
pharmacological classes are commonly used for this purpose, like
diuretics, inhibitors of angiotensin-converting enzyme, blockers
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of angiotensin receptors, blockers of beta-adrenergic receptors,
renin inhibitors, blockers of calcium channels, and centrally
acting sympatholytic agents.>?

Efonidipine hydrochloride ethanolate exerts its antihypertensive
effect by inhibiting both L-type and T-type calcium channels.
The drug produces vasodilation and reduces heart rate, thereby
lowering blood pressure. It also demonstrates renoprotective and
cardioprotective properties by improving renal hemodynamics
and reducing proteinuria. The therapeutic effect of EFO arises
from preventing calcium from reaching smooth muscle cells
and cardiac tissue, which leads to relaxation of blood vessels and
improved blood circulation (Figure 1).*

Metoprolol Tartrate (MET) acts as a selective Bl-adrenergic
receptor blocker that primarily acts on cardiac tissue. It reduces
myocardial contraction and pulse rate, thereby decreasing output
from the heart and controlling the hypertension (Figure 2). The
drug exhibits minimal activity on 2 receptors and lacks intrinsic
sympathomimetic activity.®

Various analytical method found in the literature for the
estimation of EFO and MET as a single drug or in presence of other
components. These methods including UV spectrophotometry.5'°
RP-HPLC"!* Stability Indicating HPLC method™ " planar
chromatography (HPTLC)'®" and LC-Q-TOF-MS methods.”
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However, no analytical procedures are available for their
simultaneous chromatographic determination using an internal
standard. Therefore, the present investigation aimed to develop
and validate a simple, rapid and reliable RP-HPLC method
employing an internal standard for the quantification of EFO and
MET in combination from the fixed dosage.

MATERIALS AND METHODS

Reagents and Chemicals

Acetonitrile, methanol, orthophosphoric acid, and purified water
used throughout the study were HPLC-grade. Zuventus Healthcare
Ltd., had provided the reference standards of Efonidipine
and Metoprolol, Pune and CTX Life Sciences, Ankleshwar,
respectively. The marketed formulation, EFNOCAR-MX tablets,
was used for analysis

Instrumentation

In the present work, the LC-20AT HPLC system of Shimadzu was
used, equipped with Spinchrom CFR software (version 2.1.4.93).
The samples were injected by a Rheodyne loop, and analytes were
detected using a SPD-20A UV detector. An Abcare Export digital
pH meter, GT Sonic (GT-1730QTYS) ultrasonic bath, and vacuum
pump were used during analysis.

Chromatographic Condition

For the separation of analytes, a Shimadzu Shim-pack C8 column
(25 cm X 0.46 cm id, 5 um particle size) was used as a stationary
phase. The mixture in the ratio 50:30:20 %v/v/v of solvents
containing of acetonitrile, methanol, and water, whose pH 3 was
adjusted with 1% OPA, was used as the mobile phase. The flow
rate was maintained at 1.0 mL/min, and a 20 pL volume of each
solution was injected for analysis. Detection was carried out at
220 nm using a UV detector. The accuracy of the method was
enhanced by addition of internal standard. In the present study
50 pg/mL Simvastatin was used for this purpose.

Standards Preparation

Stock solutions of EFO (1000 pg/mL), MET (2500 pg/mL), and
SIM (1000 pg/mL) were prepared in methanol. Appropriate
dilutions were prepared from these stock solutions to obtain
working concentrations of 10-320 pg/mL and 6.25-150 pg/mL
for EFO and MET respectively. Internal standard i.e. 50 ug/mL of
Simvastatin was added in each solution. To avoid any blockage of
the components of the chromatographic system a 0.2 um nylon
membrane filter was used for filtering each solution.

Sample Preparation

Twenty tablets of the combined dosage form containing EFO (40
mg) and MET (25 mg) (EFNOCAR-MX, Zuventus Healthcare
Ltd.,) were accurately weighed and finely powdered. An amount
of the powder equivalent to 10 mg of EFO (corresponding to 6.25
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mg of MET) was transferred into a 25 mL volumetric flask. The
sample was dissolved in approximately 15 mL of HPLC-grade
methanol and sonicated for 10 min to achieve complete extraction.
The resulting solution was made up to volume with methanol to
obtain a stock solution containing 400 pg/mL of Efo and 250 pg/
mL of Met, and was subsequently filtered through Whatman
filter paper No. 41. An aliquot of 2 mL of this stock solution was
further diluted to 10 mL with the mobile phase, along with the
addition of 0.5 mL of Sim internal standard solution (1000 pg/
mL). This procedure yielded a final solution containing 80 pg/mL
of Efo, 50 pg/mL of Met, and 50 pg/mL of Sim. A corresponding
standard solution of identical concentration was prepared. Both
standard and sample solutions were analysed under optimised
chromatographic conditions after achieving baseline stability.
Peak areas were recorded, and the drug content was quantified
using a single-point calibration method based on the ratio of
analyte response to internal standard, applying the equation:

C, = (Ry % Cp)

R,
Where C, and C, represent concentrations of sample and standard
solutions, respectively, and R; and R, denote their corresponding
peak area ratios. The obtained results are presented in the
respective (Table land Figure 3).

RESULTS AND DISCUSSION

Selection of Chromatographic Conditions

Various stationary phases, including C18 and C8 columns,
were evaluated during method development. However, the C8
column provided better peak symmetry and shorter retention
time for both analytes compared to C18.Different combinations
of methanol, acetonitrile and water were investigated to achieve
optimum resolution. Initial trials with binary mobile phases
resulted in poor separation and peak tailing. Finally, A ternary
mobile phase composed of acetonitrile, methanol, and water in
the ratio of 50:30:20 (v/v/v) was ultimately chosen. The pH was
adjusted to 3.0 using 1% orthophosphoric acid. This composition
produced well-defined, symmetrical peaks
satisfactory resolution between the analytes and the internal
standard. A detection wavelength of 220 nm was selected based
on overlain UV spectra of both drugs, where adequate sensitivity
was observed.

and ensured

Figure 1: Efonidipine hydrochloride ethanoate Chemical
Structure.
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Validation of an Analytical Method

ICH Q2 guidelines were followed for the validation of the
developed chromatographic method.*

Specificity

Specificity of the method was established by analyzing blank,
standard, and sample solutions. The chromatograms showed
no interfering peaks at the retention times corresponding to
Efonidipine, Metoprolol, and the internal standard, demonstrating
that the method is specific.

Accuracy/Recovery

To check whether the developed method is accurate or not, the
addition of standard API was done at 80%, 100%, and 120%
concentration levels. The percentage recovery results were within
acceptable limits, indicating the reliability of the developed
method (Table 2).

Precision

Precision of the method was determined by performing a
repeatability study and an intermediate precision study. The

analysis was performed at various drug concentrations. The
percentage relative standard deviation values obtained were not
more than 2%, demonstrating good precision of the method
(Table 3).

Range and Linearity

The method showed Linearity in the concentration of 10-320
pg/mL and 6.25-150 pg/mL for EFO and MET, respectively.
Calibration curves were plotted, and regression analysis showed
correlation coefficients close to unity, indicating excellent

linearity (Figure 4).

LOD and LOQ
The (LOD) and (LOQ) were determined in accordance with

ICH guidelines using the standard deviation of the response (o)
and the slope of the calibration curve (S). The calculations were
performed using the following relationships: LOD = 3.30/S and
LOQ = 100/S. The LOD values were found to be 1.841 pg/mL for
EFO and 3.253 pg/mL for MET, while the LOQ values were 5.580
pg/mL and 9.858 ug/mL for EFO and MET, respectively.

Figure 2: Structure of Metoprolol tartrate.
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Figure 3: Overlain Chromatograms of Serial Dilutions of MET (6.25-150 pg/mL), EFO (10-320 pg/mL), SIM (50 pg/mL).
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Figure 4: Overlain Chromatograms of mixed APl and tablet formulation.

Table 1: Data for EFNOCAR-MX Tablet Assay.

Label Claim (mg)

40
25

Calculated Value (mg) n=6
40.10
25.31

Table 2: Results of Recovery Studies.

% Assay £SD
101.64+0.6548
100.16+ 0.3744

Concentration spiked  Concentration recovered %Recovery % RSD (n=3)
(pg/mL) (ng/mL)

64 63.74 99.95 0.6057

80 81.55 101.05 1.1222

96 96.62 100.10 0.5255

40 40.08 101.04 0.8248

50 50.14 100.54 0.8922

60 60.21 101.09 1.5199

Concentration (pg/mL)

Table 3: Data for Precision Studies.

Intra-day (n=3)

Inter-day (n=3)

% RSD % RSD
40 0.5082 0.7755
80 0.5504 1.3227
160 1.2242 1.9899
25 0.5533 1.6837
50 0.4726 1.3075
100 1.3512 1.5761
Table 4: Data for System Suitability Study (n=6).
Resolution No of Theoretical  Tailing Factor %RSD
Plates/Meter Retention Time Area Under the
Curve
- 26113 1.146 1.5921 0.5254
2.222 64183 1.152 0.5870 0.7996
3.536 93528 1.136 0.5435 -
R>2 N>2000 T<2 RSD < 2%
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Robustness

Robustness was assessed by introducing deliberate, minor
variations in chromatographic conditions, specifically in the flow
rate (£0.1 mL/min) and mobile phase composition (£2%). The
impact of these changes on key parameters such as retention
time, peak area, and resolution was evaluated. The findings
demonstrated that these slight modifications did not significantly
influence the analytical performance, thereby confirming the
robustness of the method.

System Suitability

Parameters like the number of theoretical plates per meter,
resolution between the drug peaks, the precision in retention
time and area under curve, and tailing factor of each peak were
evaluated to check the proper functioning of the chromatographic
system (Table 4).

CONCLUSION

A chromatographic method was developed for the simultaneous
determination of Efonidipine and Metoprolol in tablet dosage
form. The developed method demonstrated better retention
behaviour and shorter analysis time compared to previously
reported HPLC methods for Efonidipine and Metoprolol. The
use of an internal standard improved precision and minimised
injection variability. The resolution between peaks was greater
than 2, indicating adequate separation. Validation results were
within acceptable limits as per ICH guidelines, confirming the
reliability of the method for routine analysis.
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Acid; RSD: Relative Standard Deviation; LOD: Loss on Drying;
LOQ: Limit of Quantification.
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