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ABSTRACT

The development and validation of analytical methods for the estimation of pharmaceutical compounds play a
crucial role in ensuring the safety and efficacy of drug products. Azelnidipine, a third-generation dihydropyridine
calcium channel blocker, is known for its antihypertensive effects. This review article provides a comprehensive
overview of the recent advancements in the development and validation of analytical methods for the estimation of
Azelnidipine, with a specific focus on the RP-HPLC (Reverse Phase High-Performance Liquid Chromatography)
method.
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INTRODUCTION

Hypertension remains a significant global health
concern, contributing to the burden of cardiovascular
diseases. Calcium channel blockers (CCBs) have been
integral in managing hypertension, with azelnidipine

of Azelnidipine. Azelnidipine is a calcium channel
blocker used in the treatment of hypertension. It belongs
to the dihydropyridine class of calcium channel blockers
as shown in figure 1.2 General information about
Azelnidipine was shown in table 1.1

representing a notable member of the dihydropyridine
class. Originally introduced for its vasodilatory effects,
azelnidipines distinct pharmacological profile has
garnered attention in the medical community.
Azelnidipine has gained popularity in the treatment of
hypertension due to its unique pharmacological profile
and reduced side effects compared to other calcium
channel blockers. Accurate and precise estimation of ||
Azelnidipine is essential for pharmacokinetic studies, H:N™ N
bioequivalence assessments, and therapeutic drug
monitoring. RP-HPLC, with its versatility and sensitivity,
has emerged as a prominent technique for the bioanalysis

Figure 1: Structure of Azelnidipine.

Table 1: Drug Profile of Azelnidipine.
DRUG PROFILE
Molecular Weight
Molecular formula
Drug Category

AZELNIDIPINE

582.646 g/mol

Ca3H34N4Op

Calcium channel blocker
3-(1-benzhydrylazetidin-3-yl) 5-isopropyl 2-amino-
6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-
dicarboxylate

Chemical name

Melting point 122 -123°C

PKa 7.89

LogP 5.23

A max 255 nm

Uses Antihypertensive agent
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Mechanism of Action

Azelnidipine  blocks L-type calcium channels,
particularly those in vascular smooth muscle cells. By
inhibiting calcium influx through these channels, it
reduces the contractility of smooth muscle and dilates
peripheral arteries. The vasodilation results in a decrease
in blood pressure as shown in figure 2.7

@ Azelnidipine

Ca?* channel .._’ PKC

Angiogenesis <=

Figure 2: Mechanism of Action of Azelnidipine.

Pharmacokinetics

Absorption: Azelnidipine is rapidly absorbed after oral
administration. However, its absorption is influenced by
food, and taking it with a meal can increase its
bioavailability.

Distribution: It is extensively bound to plasma proteins,
mainly to albumin. The drug undergoes extensive
distribution into tissues.

Metabolism:  Azelnidipine  undergoes  extensive
metabolism in the liver. The primary metabolite is
azelnidipine dehydrate, which is pharmacologically
active.

Elimination

The elimination half-life of azelnidipine is relatively
long, leading to a once-daily dosing regimen. The drug
and its metabolites are primarily excreted in the feces,
with a smaller portion eliminated in the urine.*®

Special Populations

Hepatic Impairment: Azelnidipine is metabolized in the
liver, so hepatic impairment can affect its metabolism.
Dose adjustments may be necessary in patients with liver
dysfunction.

Renal Impairment: The drug is not significantly excreted
through the kidneys, so dosage adjustments are generally
not required in patients with renal impairment.

Drug Interactions: Azelnidipine can interact with other
medications that affect cytochrome P450 enzymes,
potentially leading to altered plasma concentrations.

Clinical Efficacy: Azelnidipine has been found to
effectively lower blood pressure and is used in the
management of hypertension. Its long half-life allows for
once-daily dosing, contributing to patient compliance.®”

RP-HPLC Technique

RP-HPLC is a powerful analytical technique widely used
in the field of chromatography. It is a type of liquid
chromatography that separates molecules based on their
hydrophobicity, or more precisely, their affinity for a
hydrophobic stationary phase. RP-HPLC is a versatile
technique used in various scientific disciplines, including
pharmaceuticals, biochemistry, environmental analysis,
and food and beverage testing. It is particularly valuable
for separating and quantifying complex mixtures of
organic compounds.®

The fundamental principle of RP-HPLC revolves around
the interaction between the analyte and the stationary
phase. In reverse phase chromatography, the stationary
phase is nonpolar, while the mobile phase is polar. This
is in contrast to normal phase chromatography, where the
stationary phase is polar.™

The stationary phase in RP-HPLC is typically a
hydrophobic material, such as C18-bonded silica, where
C18 refers to an 18-carbon alkyl chain. The mobile
phase, on the other hand, is usually a mixture of water
and an organic solvent, such as acetonitrile or methanol.
The relative composition of these solvents can be
adjusted to control the elution strength.[%

Mechanism of RP-HPLC

The separation mechanism in RP-HPLC is based on the
differential affinity of analytes for the stationary phase.
Hydrophobic analytes interact more strongly with the
nonpolar stationary phase, causing them to be retained
longer, while hydrophilic analytes move more quickly
through the column.t™!

Equipment

RP-HPLC systems consist of a high-pressure pump, a
sample injector, a column containing the stationary
phase, a detector, and a data analysis system as shown in
figure 3. The high-pressure pump is essential to push the
mobile phase through the column at a constant flow
rate.'
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Figure 3: RP-HPLC Technique

Advantages

Wide Applicability: RP-HPLC can be applied to a broad
range of compounds, from small organic molecules to
large biomolecules.

High Sensitivity: The technique is highly sensitive,
allowing for the detection of trace amounts of analytes.

Reproducibility: RP-HPLC provides reproducible
results, making it a reliable method for routine analysis.

Resolution: It offers high-resolution separations,
enabling the identification and quantification of
individual components in a mixture.™™!

Method Development

Azelnidipine is a hydrophobic compound, so a reverse
phase column with a nonpolar stationary phase, such as
C18, is suitable. Knowledge of its pKa, solubility, and
chemical stability aids in mobile phase selection.***%

1. Selection of Chromatographic Column

Choose a reverse phase column with C18 packing
material, as it provides good retention for hydrophobic
compounds like Azelnidipine. Column dimensions
(length, diameter) impact resolution and analysis time.!**

2. Optimization of Mobile Phase

Mobile Phase Composition: A typical mobile phase for
RP-HPLC includes a mixture of water (polar) and an
organic solvent (nonpolar; acetonitrile or methanol). The
percentage of organic solvent influences separation.™*

3. pH Adjustment

Azelnidipine may exhibit pH-dependent solubility.
Adjusting the pH of the mobile phase can impact
retention time and peak shape. Incorporate buffers (e.g.,
ammonium acetate) to control pH and improve peak
shape.

4. Flow Rate Optimization

Flow rate affects analysis time and resolution. Higher
flow rates reduce analysis time but may compromise
resolution.

5. Column Temperature

Temperature influences compound solubility and column
efficiency. Optimize temperature for the best
compromise between speed and resolution.

6. Injection Volume

The injected volume affects peak shape and resolution.
Smaller volumes reduce band broadening but may limit
sensitivity.

7. Detector Wavelength
Set the detector wavelength to the maximum absorbance
of Azelnidipine. For UV detection, a wavelength around
360 nm is often suitable.

8. Gradient Elution Vs Isocratic Elution

Consider gradient elution for complex samples to
improve separation. Isocratic elution may be sufficient
for simpler samples.

9. Sample Preparation

Evaluate sample preparation techniques such as dilution,
filtration, or solid-phase extraction to optimize sensitivity
and minimize matrix effects.*6*°!

UV SPECTROSCOPIC METHOD

Selection of solvent

Prepare a mixture of Water and Methanol in the ratio
10:90 v/v respectively and mix. Sonicate to degas. Used
as solvent for dissolving azelnidipine.”!

Selection of Wavelength

An accurately weighed quantity about 27 mg of
Azelnidipine standard was transferred to 250 mL
volumetric flask. Add 200 mL of diluent, sonicate to
dissolve and dilute up to the mark with diluent and
mixed.?!

Determination of A Max

Between 400 and 200 nm, the standard solutions were
scanned independently. Since the spectra at 255 nm
shows strong absorbance, the azelnidipine A max at 255
nm as shown in figure 4 was chosen for drug estimation
in table 2.2
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Figure 4: . Max of azelnidipine.

Table 2: A max of Azelnidipine.
Sr. No. | Wavelength (nm)
1 255

Absorbance
0.8709 A

Method Validation

In various studies, the method was validated for linearity,
accuracy, precision and limit of detection, and limit and
quantitation.**"

Accuracy and precision

Recovery experiments determined the method's accuracy.
The recovery studies were conducted six times, with a
mean percentage recovery of 81.52 along with its
standard deviation. It was discovered from the data that

the additional recoveries of common medications were
correct. Studies on intraday and interday variation proved
the methods accuracy.?® Six repeated injections of the
standard and sample solutions were performed during the
intraday trials. The response factor of the drug peaks and
the percentage CV were computed and are shown in
Table 3.8 Six repeated injections of the standard and
sample solutions were made for three days in a row as
part of the interday variation investigations. The
response factor of the drug peaks and the percentage of
CV were computed and are shown in Table 3. The
devised RP-HPLC method was found to be exact based
on the data gathered.®!

Table 3: Intraday and Interday precision studies of Azelnidipine.

Intraday studies Interday studies
Parameters| 5 | 15 | 30 5 | 15 | 30
(mcg/ml) (mcg/ml)
Mean 4.6834 | 14.6643 | 29.4287 | 4.6094 | 14.6222 | 29.5055
SD 0.27 0.13 0.45 0.41 0.35 0.39
%CV 5.67 0.85 1.52 8.85 2.36 1.31
%Accuracy | 93.6 97.7 98.1 92.19 97.48 98.35

Linearity

For working concentration, linearity was assessed in the 50% to 150% of azelnidipine range as shown in table 4.

Azelnidipine working concentration is 40 pp

Table 4: Linearity of Azelnidipine.

m . [2032]

Level | Concentration w.r.t Peak Area Peak Area Mean Peak
(%) sample (mg/mL) Injection - 1 Injection - 2 Area
50 20 369854 371399 370627
75 30 558241 554928 556585
100 40 742160 743629 742895
125 50 930312 928634 929473
150 60 1123694 1099936 1111815
Correlation Co-coefficient (R) 0.9993
Slope of regression line 18423.674
%Y- intercept 0.02
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Figure 5: Linearity plot of Azelnidipine.

The information demonstrates that system suitability is
met. The reaction is found to be linear, according to the
data as shown in figure 5. The Y-intercept percent limit is
within £ 2.0% of the operating levels corresponding Y-
coordinate. 34

Limit of Detection (LOD) and Limit of Quantification
(LOQ)

By employing the developed RP-HPLC method to inject
progressively lower concentrations of the standard
solutions, LOD and LOQ of the produced method were
ascertained.®™ The lowest concentration of the analyte
(signal to noise ratio of 3) at which a detectable reaction
is obtained is known as the LOD. It was discovered that
azelnidipines LOD was 5 mcg/ml.B® The lowest
concentration of the analyte at which a reaction can be
precisely measured is known as the limit of
quantification, or LOQ. Azelnidipines LOQ was 11
mcg/ml, in that case.¥*

The following formula was used to determine LOD and
LOQ in accordance with ICH regulations. LOQ = 10xc
/S and LOD = 3.3 x ¢/S, where S is the calibration
curves slope and o is the response standard deviation.[*”!

Solution stability

Both the standard and sample solutions were evaluated
for five hours at room temperature to show that they
were stable throughout the analysis process.*! The
findings demonstrate that the retention time and peak
area of azelnidipine in both solutions stayed essentially
unchanged, with no discernible degradation occurring
within the specified time frame.l*!! This suggests that
the solutions were stable for a minimum of 5 hours,
X\7/]hich was adequate to finish the analytical procedure.[*>

Research on the applicability of systems

For the standard solutions, the column efficiency,
resolution, and peak asymmetry were computed.[*®! The
results showed that the system is suitable for analyzing

this drug, and when the procedure is performed routinely,
the system suitability parameters fall within a range of
+3% standard deviation.

CONCLUSION

The development and validation of an analytical method
for the estimation of Azelnidipine in both bulk drug and
pharmaceutical dosage forms using Reverse Phase High

Performance Liquid Chromatography (RP-HPLC)
present a crucial advancement in pharmaceutical
research. Through meticulous optimization and

validation procedures, this method offers a reliable and
accurate means of quantifying Azelnidipine, a widely
used calcium channel blocker with therapeutic
applications in hypertension and related cardiovascular
conditions. The RP-HPLC method showcased in this
review article demonstrates several key advantages.
Firstly, it provides high sensitivity, specificity, and
precision in detecting Azelnidipine within complex
matrices, ensuring accurate quantification even at low
concentrations. Secondly, the method offers excellent
selectivity, allowing for the differentiation and
quantification of Azelnidipine from potential impurities
or excipients present in pharmaceutical formulations.
Moreover, the robustness and reproducibility of the
method across multiple analytical parameters underscore
its reliability for routine quality control and regulatory
compliance in pharmaceutical manufacturing.

Furthermore, the successful validation of this RP-HPLC
method for Azelnidipine estimation in both bulk drug
and pharmaceutical dosage forms validate its
applicability across various stages of drug development
and production. The method's ability to meet the
stringent criteria outlined in regulatory guidelines
ensures its suitability for use in pharmaceutical
laboratories, facilitating the quality assessment and
assurance of Azelnidipine-containing formulations.
Overall, the development and validation of this RP-
HPLC method for Azelnidipine estimation represent a
significant contribution to analytical chemistry and
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pharmaceutical
sensitive,

robust,
quantifying

sciences. By providing a
and validated approach for

Azelnidipine, this method enables researchers, analysts,
and pharmaceutical manufacturers to ensure the quality,
safety, and efficacy of Azelnidipine-based medications,
ultimately benefiting patient health and well-being.

Further

research may focus on expanding the

applicability of this method to other related compounds
or exploring alternative analytical techniques to enhance
efficiency and sensitivity.
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