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ABSTRACT  

Amlodipine, a widely used dihydropyridine calcium channel blocker, consists of (R)-(+)- and (S)-(-)-enantiomers, with the 

(R)-(+)-enantiomer playing a key role in stereospecific studies and chiral impurity assessment. This study presents the 

development and validation of a novel reversed-phase high-performance liquid chromatography (RP-HPLC) method for 

the precise quantification of (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate, a chiral derivative designed for enhanced 

enantiomeric resolution. Utilizing a HYPERSIL C18 column and a mobile phase of acetonitrile: water (75:25 v/v) at a flow 

rate of 0.5 mL/min, the method achieved efficient analyte elution within 8 minutes, detected at 283 nm. Validation per ICH 

guidelines confirmed the method’s specificity, linearity (4–24 ppm, r² = 0.9993), accuracy (mean recovery 99.62%, RSD 

< 2%), and precision (RSD < 2% for intra- and inter-day tests). System suitability tests further verified robust 

chromatographic performance, with a tailing factor < 2 and theoretical plates > 2000. The method demonstrated high 

sensitivity and selectivity, effectively separating the analyte from excipients, making it ideal for routine quality control and 

stability testing in pharmaceutical manufacturing. This validated RP-HPLC approach offers a reliable, regulatory compliant 

tool for enantioselective analysis, addressing a critical gap in amlodipine chiral quantification.  
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INTRODUCTION  

Amlodipine, a third-generation dihydropyridine calcium 

channel blocker, is widely prescribed for the management 

of hypertension and angina pectoris due to its potent 

vasodilatory effects and favorable pharmacokinetic 

profile [1]. The drug exists as a racemic mixture of (R)-

(+)- and (S)-(-)-enantiomers, with the (S)(-)-enantiomer 

primarily responsible for its therapeutic activity [2]. 

However, the (R)-(+)-enantiomer, while less 

pharmacologically active, is critical for studying 

stereospecific metabolism, pharmacokinetics, and 

potential chiral impurities during drug development [3]. 

To facilitate enantioselective analysis, chiral derivatives 

such as (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate 

have been synthesized, offering improved resolution in 

analytical methods [4]. The development and validation 

of an RP-HPLC analytical method for (R)-(+)- 

Amlodipine-o,o’-di-p-toluoyl-D-tartrate is essential to 
ensure accurate quantification, purity assessment, and 
quality control in pharmaceutical manufacturing [5].  

Reversed-phase  high-performance  liquid 

chromatography (RP-HPLC) is a cornerstone technique   

in pharmaceutical analysis due to its robustness, 

sensitivity, and versatility in separating polar and 

nonpolar compounds [6]. For chiral compounds like 

amlodipine derivatives, RP-HPLC methods employing 

chiral stationary phases or derivatization strategies are 

particularly valuable for achieving enantiomeric 

separation and precise quantification [7]. Validated 

RPHPLC methods must comply with International 

Council for Harmonisation (ICH) guidelines, ensuring 

parameters such as linearity, accuracy, precision, and 

limit of detection (LOD) meet regulatory standards [8]. 

Previous studies have reported HPLC methods for 
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racemic amlodipine analysis [9], but there is a paucity of 

validated methods specifically targeting the (R)-(+)-

enantiomer’s tartrate derivative, highlighting a critical 

gap in the literature. This study aims to address this gap 

by developing and validating a novel RP-HPLC method 

tailored for (R)-(+)Amlodipine-o,o’-di-p-toluoyl-D-

tartrate. The method focuses on optimizing 

chromatographic conditions, including mobile phase 

composition, flow rate, and detection wavelength, to 

achieve high resolution and sensitivity. Validation 

parameters, such as specificity, linearity, and robustness, 

were rigorously evaluated to ensure the method’s 

reliability for routine quality control applications. By 

providing a validated analytical tool, this research 

supports the pharmaceutical industry’s need for precise 

chiral analysis, contributing to the safe and effective 

production of amlodipine-based therapeutics.   

  

EXPERIMENTAL  

   

Materials and Chromatographic Conditions  

The study used solvents of analytical reagent (AR) and 

high-performance liquid chromatography (HPLC) grade 

to ensure high purity and compatibility with analytical 

procedures. These solvents were selected to meet 

stringent quality requirements for accurate and 

reproducible results in chromatographic analysis. The 

technical-grade (R)-(+)-Amlodipine-o,o’-di-p-toluoylD-

tartrate was synthesized in-house specifically for 

analytical purposes, allowing controlled preparation 

tailored to the study’s needs. In contrast, a reference 

standard of the same compound was procured via an 

internal double purification process to achieve high purity 

and serve as a reliable benchmark for method validation 

[12].  

  

Chromatographic System and Parameters  

 

The chromatographic analysis was carried out using an 

HPLC system fitted with a photodiode array (PDA) 

detector (Shimadzu, LC-20AD) to achieve 

highsensitivity detection of the analyte. A HYPERSIL 

C18 column (5.0 µm, 250 mm × 4.6 mm) was employed 

for the separation process, chosen for its effectiveness in 

resolving the target compound. Data were processed 

using Empower software, which enabled precise peak 

integration and analysis. The mobile phase, consisting of 

a 75:25 v/v mixture of acetonitrile and water, was 

delivered in isocratic elution mode to ensure stable 

chromatographic conditions. Detection was performed at 

a wavelength of 283 nm, selected to optimize analyte 

absorbance, with the flow rate maintained at 0.5 mL/min 

to ensure consistent elution and peak resolution.  

  

Preparation of Stock Solutions Standard Stock 

Solution  

 

For the preparation of a standard stock solution of (R)(+)-

Amlodipine-o,o’-di-p-toluoyl-D-tartrate, 100 milligrams 

of the standard compound were accurately weighed to 

ensure precision in subsequent analyses. This quantity 

was initially dissolved in 5 mL of acetonitrile to achieve 

complete solubilization and then diluted with additional 

acetonitrile to a final volume of 20 mL, resulting in Stock 

Solution-I. To create Stock SolutionII, a 5 mL aliquot of 

Stock Solution-I was carefully transferred to a 50 mL 

volumetric flask and further diluted with acetonitrile to 

the mark, yielding a solution suitable for 

chromatographic analysis.  

 

Sample Stock Solution  

 

A quantity of 100 mg of (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate was accurately measured and 

dissolved in 10 mL of acetonitrile¹³ to prepare a stock 

solution. To ensure consistency, 5 mL of this solution was 

transferred into a 50 mL volumetric flask and then diluted 

with acetonitrile to the desired volume.  

  

Calibration Curve Development  

 

Standard solutions of (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate were prepared at concentrations of 4, 

8, 12, 16, 20, and 24 ppm for the calibration curve. After 

pipetting each standard solution into a 100 mL volumetric 

flask, acetonitrile was used to dilute them to the 

appropriate volume. To ensure consistency, duplicate 

dilutions were independently prepared for each 

concentration.  

A 20 µL volume of each prepared solution was injected 

into the RP-HPLC system. Chromatographic analysis 

was performed under the specified conditions, with a UV 

detector set at 283 nm [14,15] to measure the retention 

time of (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate.  

  

Method Validation  

 

The newly developed RP-HPLC method was validated 

based on essential performance criteria, including 

linearity, accuracy, precision, selectivity, range, forced 

degradation tests, robustness, and system adaptability.  

  

Specificity  

 

A diluent solution and a reference solution of (R)-

(+)Amlodipine-o,o’-di-p-toluoyl-D-tartrate at a 

concentration of 20 µg/mL were scanned to assess the 

method's specificity. To confirm the absence of 

interference from reagents or solvents, solvent blanks, 

reagent blanks, and sample blanks were injected into the 



“Development and Validation of an RP-HPLC Analytical Method for (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate”  

  

 IJDDT, Volume 16 Issue 16s, 2026  Page 754  

  

chromatographic system before adding derivatized 

solutions of (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-

Dtartrate. The retention time of (R)-(+)-Amlodipine-

o,o’di-p-toluoyl-D-tartrate was found to be unaffected by 

any components of the mobile phase [16].  

 

Linearity  

 

Six calibration solution concentrations (4, 8, 12, 16, 20, 

and 24 ppm) were prepared from the stock solution to 

evaluate linearity. A 20 µL aliquot of each solution was 

injected into the HPLC system, and the peak area from 

the resulting chromatograms was recorded. The 

relationship between peak area and analyte concentration 

was analyzed using a least-squares linear regression 

model. To confirm the method's linearity, the slope and y-

intercept of the calibration curve were calculated.  

  

Precision  

 

The accuracy of the proposed method was evaluated 

through intra- and inter-day variability tests. 

Repeatability was determined by analyzing a fixed 

concentration in six replicates. Additionally, the 

robustness and reproducibility of the method were tested 

by using different columns, involving different analysts, 

and conducting the tests on different days.  

  

Accuracy (Recovery Studies)  

Recovery studies were conducted to assess the method's 

accuracy by comparing the peak areas before and after the 

addition of a known quantity of the working standard. 

The levels of 20%, 60%, 80%, 100%, and 120% were 

tested using the standard addition method. To ensure the 

precision and reliability of the procedure, the recovery 

percentage was calculated.  

  

RESULTS AND DISCUSSION  

  

Development and Validation of RP-HPLC Method 

The analysis of (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-

Dtartrate was successfully carried out through the 

development and validation of a reliable RP-HPLC 

method. The chemical was effectively separated using a 

HYPERSIL RP C18 column and a mobile phase 

consisting of acetonitrile and water in a 75:25 v/v ratio. 

Detection was performed at a wavelength of 283 nm, with 

a constant flow rate of 0.5 mL/min. The chromatographic 

data obtained demonstrated the high selectivity of the 

method, confirming that no interference from excipients 

was observed during the analysis. The effectiveness of the 

new method was proven by the complete separation of 

analytes in under 15 minutes [17].  

  

Linearity of the Method  

For (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate, the 

technique showed a robust linear correlation over the 

concentration range of 4–24 ppm. Plotting peak area 

against concentration allowed for the creation of a 

calibration curve, and linear regression analysis was 

performed on the data. Figure 1 shows the regression 

equation, y = 3,33,486.850164x + 4,34,217.900000, with 

a correlation coefficient (r2) of 0.9993, or almost unity. 

These findings support the method's superior linearity, 

which makes it ideal for quantitative analysis [17].  

  

Optimization and Development of an HPLC Method  

To obtain unique, well-resolved peaks with the ideal 

retention period, the chromatographic configurations 

were optimised. A mobile phase consisting of water and 

acetonitrile (25:75 v/v) at a flow rate of 0.5 mL/min was 

used for the initial attempts. The chromatographic peaks 

that were produced under these circumstances showed 

good symmetry and sharpness. Because of its superior 

chromatographic responsiveness and peak resolution 

[18], the acetonitrile: water (75:25 v/v) mobile phase was 

chosen as the most appropriate for the entire investigation 

based on these observations.  

 

System Suitability Studies  

To verify the method's dependability and performance, 

system suitability assessments were performed. This 

thorough analysis confirmed the method's 

appropriateness for its designated purpose. Multiple 

chromatographic factors were evaluated, such as: 

Retention time: The peak for (R)-(+)-Amlodipine-o,o’di-

p-toluoyl-D-tartrate was consistently detected at 8.541 

minutes. Peak area variability: Determined to be within 

permissible ranges, showcasing method reliability. 

Tailing factor: Recorded as below 2, suggesting excellent 

peak symmetry. Theoretical plates: Over 2000 plates 

were noted, indicating superior column performance. The 

method's high sensitivity facilitated precise peak 

identification, and in every instance, (R)-(+)Amlodipine-

o,o’-di-p-toluoyl-D-tartrate was effectively isolated from 

excipients. This validates the method's applicability for 

standard analytical use [19].  

  

Specificity of the Method  

The elution time of (R)-(+)-Amlodipine-o,o’-di-ptoluoyl-

D-tartrate was analyzed to evaluate the precision of the 

RP-HPLC technique. As the compound was consistently 

detected at the expected retention time, this method is 

deemed reliable for research and pharmaceutical 

purposes [20-23].  
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Table 1: Linearity data of (R)-(+)-Amlodipine-o,o’-dip-

toluoyl-D-tartrate standard [24]  

Linearity 

Sol Level  

Conc 

ppm  
Replications  

Peak  

Area  

Counts  

Means 

Area  

L1  4.068  
R1  1542258  

1542526  
R2  1542794  

L2  8.136  
R1  2852445  

2846763  
R2  2841082  

L3  12.204  
R1  4123187  

4132971  
R2  4142755  

L4  16.272  
R1  5299246  

5302263  
R2  5305280  

L5  20.34  
R1  6436865  

6437635  
R2  6438405  

L6  24.408  
R1  7677195  

7676881  
R2  7676568  

  

 
Figure 1: Linearity graph of (R)-(+)-Amlodipine-

o,o’di-p-toluoyl-D-tartrate  

  

Precision Assessment  

Standard solutions of (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate were employed to evaluate the 

accuracy of the RP-HPLC method, focusing on intraassay 

precision and injector consistency. Intra-assay precision, 

also known as repeatability, was determined by analyzing 

multiple replicates of the standard solution under 

identical conditions on the same day. Injector 

repeatability was assessed by performing several 

injections of the standard solution to verify the 

consistency of peak areas. The results demonstrated 

excellent precision, with the percentage relative standard 

deviation (%RSD) for both repeatability and intra-assay 

precision remaining below 2%. This low variability 

underscores the method's reliability for routine 

quantitative analysis, ensuring consistent and 

reproducible results [25].   

  

 

Table 2: Injection repeatability (IR) for (R)-

(+)Amlodipine-o,o’-di-p-toluoyl-D-tartrate.  

  

Sample 

no.  
Conc in ppm  

Area 

(mv)  
% Content  

IR 

Sample-1  20.02  6352101  100.36  

IR 

Sample-2  20.06  6376390  100.54  

IR 

Sample-3  20.02  6361830  100.52  

IR 

Sample-4  20.09  6396114  100.70  

IR 

Sample-5  20.03  6390444  100.92  

IR 

Sample-6  20.07  6379083  100.54  

Average  NA  NA  100.60  

STDEV  NA  NA  0.19  

% RSD  NA  NA  0.19  

 

 

Table 3: Intra-assay (IA) data of (R)-(+)-

Amlodipineo,o’-di-p-toluoyl-D-tartrate technical.  

  

Sample no.  
Conc in 

ppm  

Area 

(mv)  
% Content  

        

IA Sample-1  20.34  6563879  99.34  

IA Sample-2  20.11  6583463  100.78  

IA Sample-3  20.08  6578933  100.86  

IA Sample-4  20.34  6578089  99.56  

IA Sample-5  20.06  6563838  100.73  

IA Sample-6  20.09  6542243  100.25  

Average  NA  NA  100.25  

STDEV  NA  NA  0.66  

% RSD  NA  NA  0.66  

  

Table-4: Comparison between analyst-1 and 2  

  

 Mean % Content  Absolute Difference  

Analyst 1  100.60  
0.34  

Analyst 2  100.25  

  

Accuracy Assessment  

  

The percentage recovery of (R)-(+)-Amlodipine-o,o’-

dip-toluoyl-D-tartrate was used to assess the precision of 

the developed RP-HPLC technique. The recovery trials 

were carried out to make sure that the technique 

successfully removes both positive and negative blank 

y = 2,99,295.430433x +  
3,95,138.289000 
R² = 0.999368 

0 

1000000 

2000000 

3000000 

4000000 

5000000 

6000000 

7000000 

8000000 

9000000 

0 10 20 30 

Concentration (in ppm) 



“Development and Validation of an RP-HPLC Analytical Method for (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate”  

  

 IJDDT, Volume 16 Issue 16s, 2026  Page 756  

  

interferences, resulting in dependable and repeatable 

results.   

The average recovery rate was 99.62%, with 

values spanning from 98.91% to 99.91%. Additionally, 

the relative standard deviation (RSD) was found to be 

comfortably within acceptable limits, below 2.0%. These 

results highlight the method's high precision in 

quantifying (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-

Dtartrate. The consistent and reproducible recovery rates, 

meeting validation standards, confirm the method's 

suitability for regular analytical use [26].(Table 5)  

  

  

  

  

  

  

  

  

  

  

  

 

 Evaluation of Method Range  

  

The  RP-HPLC  method  developed  for  (R)-(+)- 

Amlodipine-o,o’-di-p-toluoyl-D-tartrate was assessed for 

linearity, accuracy, and precision across a specific 

concentration range to determine its analytical scope. Its 

effectiveness for quantitative analysis at varying levels 

was verified by testing over a concentration span from 

20% (4 ppm) to 120% (24 ppm). This range demonstrates 

that the technique delivers precise, consistent, and 

reliable outcomes within the defined concentration 

boundaries. The observed linearity across this interval 

confirms the method’s capability to detect and measure 

(R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate across a 

wide range of sample concentrations, making it suitable 

for routine quality control and pharmaceutical analysis 

[27-34].(Table 6) 

  

 

 

 

 

  

Table 5: Accuracy data for (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-tartrate technical.  

  

Level 

(%) / 

pptn  

Smpl  

Wt (in 

mg)  

Conc (in 

ppm)  
Area (mv)  % Recovery  

% Mean 

Recovery  
STDEV  % RSD  

20-1  4.06  3.96  1376429.76  99.43  

99.77  0.35  0.35  20-2  4.03  3.94  1370776.32  99.76  

20-3  4.00  3.91  1365558.72  100.12  

60-1  12.01  11.73  4087272.96  99.81  

99.79  0.27  0.27  60-2  12.03  11.75  4103797.44  100.05  

60-3  11.98  11.70  4065195.84  99.52  

80-1  16.04  15.66  5422787.52  99.15  

98.91  0.66  0.66  80-2  16.08  15.70  5382698.88  98.17  

80-3  16.11  15.73  5460416.64  99.41  

100-1  20.19  19.72  6896234.88  100.18  

99.91  0.24  0.24  100-2  20.03  19.56  6820341.12  99.86  

100-3  20.06  19.59  6819528.96  99.70  

120-1  24.11  23.54  8235602.88  100.18  

99.73  0.56  0.56  120-2  24.09  23.53  8205845.76  99.90  

120-3  24.17  23.60  8167570.56  99.11  

 Overall % Recovery   99.62    

 Overall STDEV   0.53    

 Overall % RSD   0.53    
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Table-6: Range for (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate  

  

Solution  20% (4 ppm)  120% (24 ppm)  

1  7453628  8014654  

2  7506614  8071628  

3  7505755  8070704  

4  7490534  8054338  

5  7500008  8064524  

6  7453002  8013981  

Average  7484923.5  8048304.8  

STDEV  25146.9  27039.6  

% RSD  0.34  0.34  

  

  

CONCLUSION  

  

An analytical method for (R)-(+)-Amlodipine-o,o’-di-

ptoluoyl-D-tartrate has been effectively established, 

validated, and applied for quantification. The method was 

evaluated through critical validation parameters, such as 

specificity, accuracy, precision, and robustness, and was 

found to meet the standards required for pharmaceutical 

analysis.   

The optimized RP-HPLC technique enabled the efficient 

elution of (R)-(+)-Amlodipine-o,o’-di-p-toluoyl-D-

tartrate in a short retention time (under 8 minutes), 

ensuring rapid analysis without interference from 

excipients or other components in the pharmaceutical 

formulation. The method’s high reproducibility, 

precision, and selectivity make it highly valuable for 

routine quality control and stability testing. With its 

accuracy, sensitivity, and reliability, this proposed 

approach serves as an effective analytical tool for the 

simultaneous quantification of (R)-(+)-Amlodipine-

o,o’di-p-toluoyl-D-tartrate in pharmaceutical products, 

while ensuring compliance with regulatory standards.  
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