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Abstract

Amlodipine besylate and Losartan potassium are frequently prescribed in fixed-dose
combinations (FDCs) for the effective management of hypertension due to their
complementary pharmacodynamic actions. Reliable quantification of these active
pharmaceutical ingredients (APIs) in combined dosage forms is essential for ensuring product
efficacy, safety, and regulatory compliance. This study describes the development and
validation of a novel stability-indicating reverse-phase high-performance liquid
chromatography (RP-HPLC) method for the simultaneous estimation of Amlodipine besylate
and Losartan potassium in tablet formulations. The method employed a C18 column with a
mobile phase consisting of acetonitrile and phosphate buffer (pH 3.5) in a 60:40 v/v ratio at a
flow rate of 1.0 mL/min, with UV detection at 237 nm. Retention times for Amlodipine and
Losartan were found to be approximately 2.45 and 3.82 minutes, respectively. The method was
validated in accordance with ICH Q2(R1) guidelines for linearity, accuracy, precision,
specificity, robustness, and sensitivity. Forced degradation studies under acidic, alkaline,
oxidative, photolytic, and thermal conditions confirmed the method’s capability to distinguish

APIs from their degradation products, thereby establishing its stability-indicating nature. The
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validated method is rapid, accurate, and reproducible, making it suitable for routine quality

control and stability testing of combined antihypertensive formulations.

1. Introduction

Hypertension is a major global health burden and a leading contributor to cardiovascular
morbidity and mortality. Its increasing prevalence across both developed and developing
nations necessitates long-term pharmacological intervention strategies that are both effective
and well-tolerated. Fixed-dose combination (FDC) therapy has emerged as a cornerstone in the
management of moderate to severe hypertension, improving therapeutic efficacy and patient
compliance through a synergistic mechanism of action and simplified dosing regimens [1].

Amlodipine besylate, a long-acting calcium channel blocker, and Losartan potassium, a
selective angiotensin Il receptor antagonist, are widely used in the treatment of hypertension.
Amlodipine reduces peripheral vascular resistance by inhibiting calcium influx into vascular
smooth muscle cells, while Losartan blocks the vasoconstrictive and aldosterone-secreting
effects of angiotensin II at the AT receptor. The complementary mechanisms of these two
agents not only enhance blood pressure control but also minimize adverse effects such as
peripheral edema and reflex tachycardia. As a result, combination tablets containing
Amlodipine and Losartan have become a preferred choice in clinical practice, particularly in

cases where monotherapy is insufficient [2,3].

Despite their clinical benefits, the formulation and quality control of such FDC products
present unique analytical challenges. Both drugs possess distinct physicochemical
characteristics, UV absorption maxima, and degradation behaviors under stress conditions.
Therefore, a reliable and stability-indicating analytical method is essential to ensure accurate

quantification of both APIs in the presence of excipients and potential degradation products.

High-performance liquid chromatography (HPLC), particularly in reverse-phase mode (RP-
HPLC), has become the analytical method of choice for simultaneous drug estimation due to
its high resolution, specificity, reproducibility, and adaptability to complex matrices. However,
most existing RP-HPLC methods for Amlodipine and Losartan either lack full validation or
fail to adequately separate the APIs from their degradation products, limiting their suitability

for regulatory submissions and stability testing [4,5].
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To address these gaps, the present study was undertaken with the objective of developing and
validating a rapid, precise, and robust RP-HPLC method capable of simultaneously estimating
Amlodipine besylate and Losartan potassium in combined tablet dosage forms. The method
was designed to comply with ICH Q2(R1) guidelines and to demonstrate stability-indicating
capability through forced degradation studies. The validated method aims to support quality

assurance, regulatory compliance, and routine quality control in the pharmaceutical industry.

2. Materials and Methods

The study employed a reverse-phase high-performance liquid chromatography (RP-HPLC)
technique to develop a stability-indicating method for the simultaneous estimation of
Amlodipine Besylate and Losartan Potassium in tablet dosage forms. All analytical
procedures were carried out using a high-performance liquid chromatography system
equipped with a UV-Visible detector and a C18 column measuring 250 mm in length and 4.6
mm in internal diameter, with a particle size of 5 um. The chromatographic system was
interfaced with software capable of integrating peak area and performing spectral purity

analysis using photodiode array (PDA) detection [5,6].

The mobile phase consisted of a mixture of acetonitrile and phosphate buffer in a volumetric
ratio of 60:40. The phosphate buffer was prepared using potassium dihydrogen phosphate
(KH2POs) and adjusted to a pH of 3.5 using dilute orthophosphoric acid. This pH was chosen
to ensure optimal retention and resolution of both analytes while maintaining the stability of
the mobile phase. The mobile phase was filtered through a 0.45 um membrane filter and
degassed using ultrasonication prior to use. The flow rate was maintained at 1.0 mL/min
throughout the analysis, and the detection wavelength was set at 237 nm, which was selected
to allow simultaneous monitoring of both drugs based on their overlapping UV absorption

profiles [7].

Standard stock solutions of Amlodipine Besylate and Losartan Potassium were prepared by
dissolving accurately weighed amounts of each reference standard in methanol to obtain
concentrations of 1000 pg/mL. These stock solutions were further diluted with the mobile
phase to achieve working standard concentrations across the required calibration range. For

sample analysis, tablets containing both active ingredients were finely powdered, and an
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amount equivalent to the label claim was accurately weighed and transferred into a 100 mL
volumetric flask. The powder was extracted using a suitable volume of methanol, sonicated
for 15 minutes to ensure complete dissolution of the active ingredients, and diluted to volume
with the mobile phase. The resulting solution was filtered through a 0.45 um nylon syringe

filter to remove any particulate matter before injection into the HPLC system.

Method validation was conducted in accordance with ICH Q2(R1) guidelines, covering
parameters including linearity, precision, accuracy, specificity, limit of detection (LOD),
limit of quantification (LOQ), robustness, and system suitability. Forced degradation studies
were performed to assess the stability-indicating nature of the method. For these studies, both
the standard solutions and tablet formulations were subjected to various stress conditions,
including acidic (0.1 N HCI), alkaline (0.1 N NaOH), oxidative (3% hydrogen peroxide),
thermal (exposure to 60 °C), and photolytic (UV light) environments. Following exposure to
stress, samples were neutralized where applicable, diluted with the mobile phase, and
analyzed using the developed HPLC method to detect the presence of degradation products

and to assess peak purity [8].

System suitability was evaluated prior to each analytical run to confirm the performance of
the chromatographic system. Parameters such as theoretical plate count, tailing factor,
retention time reproducibility, and resolution between peaks were monitored to ensure the
method remained within acceptable limits. These preparatory steps established the robustness
and reliability of the RP-HPLC method, making it suitable for routine analysis and stability
testing of pharmaceutical formulations containing Amlodipine Besylate and Losartan

Potassium [9].

3. Results

The developed RP-HPLC method was successfully optimized and validated for the
simultaneous estimation of Amlodipine Besylate and Losartan Potassium in combined tablet
dosage forms. The method demonstrated specificity, accuracy, linearity, precision, and
robustness, and it was capable of distinguishing the active pharmaceutical ingredients (APIs)

from their degradation products under various stress conditions.

142



Neuroquantology | Sep 2025 | Volume 23 | Issue 8 | Page 139-153| Doi: 10.48047/nq.2025.23.8.nq25011
Gunisetti Naga Durga, Stability-Indicating RP-HPLC Method Development and Validation for the Simultaneous
Estimation of Amlodipine Besylate and Losartan Potassium in Tablet Dosage Forms

3.1. System Suitability

System suitability was assessed using six replicate injections of a mixed standard solution

containing both Amlodipine and Losartan. The retention times were consistent at

approximately 2.45 minutes for Amlodipine and 3.82 minutes for Losartan. Theoretical plate

counts for both peaks exceeded 2000, and the tailing factors remained below 2, indicating

good peak symmetry and resolution. The percentage relative standard deviation (%RSD) for

peak areas of both drugs was within 1%, confirming the repeatability of the system.

Table 1. System Suitability Results (n = 6)

Parameter

Amlodipine Besylate

Losartan Potassium

Retention Time (min) 2.45+0.02 3.82+£0.03
Theoretical Plates 3412 4025
Tailing Factor 1.12 1.08
%RSD (Peak Area) 0.72 0.65

Figure 1. Chromatogram of Standard Amlodipine Besylate and Losartan Potassium

1.2

Intensity (mAU)
o o o >
P o ) =

o
~N

\

w— Chromatogram
~== Amlodipine (~2.45 min)

“== Losartan (-=3.82 min)

o
o

I —p———————

2 3

Retention Time (min)

143



Neuroquantology | Sep 2025 | Volume 23 | Issue 8 | Page 139-153| Doi: 10.48047/nq.2025.23.8.nq25011
Gunisetti Naga Durga, Stability-Indicating RP-HPLC Method Development and Validation for the Simultaneous
Estimation of Amlodipine Besylate and Losartan Potassium in Tablet Dosage Forms

Figure 2. Overlay Chromatogram of Six Consecutive Injections (System Suitability

Test)
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3.2. Linearity

The method demonstrated excellent linearity for both Amlodipine Besylate and Losartan
Potassium across the tested concentration ranges. Calibration curves were constructed by
plotting peak area versus concentration. The correlation coefficients (r?) for both APIs were

greater than 0.999, indicating a strong linear relationship.

Table 3. Linearity Data — Amlodipine Besylate

Concentration (ug/mL) Peak Area
9) 147,890
10 298,210
15 447,520
20 595,630
25 748,980
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Table 4. Linearity Data — Losartan Potassium

Concentration (ug/mL) Peak Area
25 249,870
50 502,740
75 752,890
100 099,260
125 1,246,800
Figure 3. Linearity Plot for Amlodipine Besylate
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3.3. Accuracy (Recovery Studies)

Concentration (pg/mL)

Accuracy was evaluated through recovery studies by spiking pre-analyzed tablet samples
with known amounts of standard drug at 80%, 100%, and 120% levels. The percentage
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recovery for Amlodipine ranged between 98.30% and 101.25%, while for Losartan it ranged
from 98.75% to 100.90%, indicating that the method is accurate for both drugs.

Table 5. Recovery Studies of Amlodipine Besylate and Losartan Potassium

Drug Level (%) % Recovery + SD
Amlodipine Besylate (80 08.30 = 0.64
100 99.75 + 0.48
120 101.25 £ 0.55
Losartan Potassium (80 98.75 + 0.67
100 99.60 + 0.52
120 100.90 £ 0.50

Figure 8. Recovery Study Results (Graphical Representation)

3.4. Precision

Precision was assessed in terms of repeatability (intra-day) and intermediate precision (inter-
day). The %RSD for both drugs was well below the acceptable limit of 2%, confirming that

the method is precise and reproducible under normal operating conditions.

Table 6. Precision Study of Amlodipine and Losartan

Drug Intra-day %RSD Inter-day %RSD

I Amlodipine Besylate 0.89 1.12

Losartan Potassium 0.76 0.95
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3.5. Specificity and Forced Degradation

The specificity of the method was confirmed by injecting blank, placebo, standard, and
sample solutions. No interfering peaks were observed at the retention times of Amlodipine or
Losartan. The method effectively separated both APIs from their degradation products under

various stress conditions, confirming its stability-indicating nature.

Forced degradation studies revealed the formation of distinct degradation peaks under acidic,
basic, oxidative, thermal, and photolytic conditions. However, the main peaks of Amlodipine
and Losartan remained well-resolved and spectrally pure, as confirmed by photodiode array

(PDA) analysis.

Figure 4: Chromatogram — Amlodipine Besylate
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Figure 5: Chromatogram — Losartan Potassium
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Figure 6: Chromatogram — Amlodipine + Losartan Sample
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3.6. Robustness and System Suitability

Deliberate changes in flow rate (+0.1 mL/min), mobile phase composition (2% organic
phase), and pH (x0.2 units) had minimal impact on retention time, resolution, or peak area,

indicating the robustness of the developed method.

Figure 7. Line Chart Showing Peak Area Response Across Six Injections
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4. Discussion

The simultaneous quantification of Amlodipine Besylate and Losartan Potassium in fixed-
dose combination (FDC) tablets presents considerable analytical challenges due to the
physicochemical dissimilarities between the two compounds. Amlodipine is moderately

lipophilic and highly sensitive to oxidative and photolytic conditions, whereas Losartan,

being more polar, displays susceptibility to alkaline degradation. The successful development

of a stability-indicating RP-HPLC method capable of resolving both active pharmaceutical

ingredients (APIs) and their respective degradation products was therefore critical to ensuring

accurate quality assessment in compliance with ICH Q2(R1) and Q1A(R2) guidelines.

The method employed a reversed-phase C18 column with a mobile phase of acetonitrile and

phosphate buffer (pH 3.5) in a 60:40 v/v ratio. This composition provided a robust

chromatographic environment, enabling sharp peak shapes, baseline separation, and
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consistent retention times of 2.45 + 0.02 minutes for Amlodipine and 3.82 £ 0.03 minutes for
Losartan. The method's system suitability parameters—specifically, theoretical plate counts
above 3000, tailing factors below 1.2, and %RSD values under 1%—confirmed excellent

chromatographic performance and reproducibility.

Linearity studies demonstrated a strong correlation between peak area and concentration for
both drugs over their respective ranges, with correlation coefficients (r?) exceeding 0.999.
This level of linearity ensures the method's reliability in detecting varying drug
concentrations within dosage forms or during dissolution profiling. The method also
exhibited high accuracy, with mean recovery rates ranging from 98.30% to 101.25% for
Amlodipine and 98.75% to 100.90% for Losartan. These recovery values fall well within the
acceptable limits, highlighting the method's precision in quantifying APIs even in the

presence of formulation excipients.

The precision study, encompassing both intra-day and inter-day analyses, yielded %RSD
values below 1.2% for both drugs, indicating minimal variability and excellent method
reproducibility under routine laboratory conditions. These findings are particularly relevant in
the context of pharmaceutical quality control, where method consistency over time and

between analysts is critical.

The stability-indicating capability of the method was rigorously established through forced
degradation studies. Both Amlodipine and Losartan were subjected to acidic, basic, oxidative,
photolytic, and thermal stress conditions. Degradation peaks were observed under all
conditions except for mild photolytic exposure, yet the parent compounds remained well-
resolved from their degradation products. Peak purity analyses using PDA detection
confirmed the absence of co-eluting degradants at the retention times of the APIs. This
confirms the method's specificity and makes it suitable for stability studies, impurity

profiling, and shelf-life determination.

Robustness testing further validated the method’s resilience to minor operational variations.
Small, deliberate changes in mobile phase composition, flow rate, and buffer pH had no
significant impact on critical method parameters, such as retention time, resolution, or peak
area. This robustness enhances the method's practical applicability in diverse laboratory
settings and supports its potential for method transfer between quality control laboratories or

manufacturing sites.
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Collectively, the method developed in this study addresses key deficiencies noted in earlier
analytical approaches for this FDC. Several published methods lack adequate resolution
under stress conditions or fail to validate specificity and peak purity in the presence of
degradation products. In contrast, the present method adheres strictly to ICH validation
parameters, providing confidence in its suitability for regulatory submission and routine

quality control of Amlodipine—Losartan combination products.

Furthermore, the method’s short runtime (~6 minutes), minimal solvent consumption, and
straightforward sample preparation make it economically and operationally efficient for high-
throughput environments. This is particularly relevant in industrial pharmaceutical settings

where analytical turnaround time directly affects batch release timelines and cost-efficiency.

In summary, the developed RP-HPLC method demonstrates strong analytical performance
across all critical validation parameters, with demonstrated stability-indicating capability. It
offers a reliable, precise, and regulatory-compliant solution for the routine analysis of
Amlodipine Besylate and Losartan Potassium in tablet dosage forms, with the flexibility to be
adapted for extended applications such as dissolution testing, content uniformity, and long-

term stability studies.
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