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Abstract 

The present study provides rapid test for the identity and quantification of Amlodipine besylate as monoproduct and in 
double and triple antihypertensive drug combinations. Test represents direct analysis - drug mixtures are analyzed in 
solution without prior separation using UV-VIS spectrophotometry. The spectral characteristics of the complex 
spectrum are used for authentication, counterfeiting, identification and assay. Basic spectral characteristics are 
determined and analytical parameters of the validation process are investigated. The method uses 4 types of 
calculations for normal and derivative spectrophotometry at different analytical zones and fixed wavelengths in the 
range 190 - 500 nm. For double mixtures Amlodipine / Valsartan, the best results are obtained by determining at the 
1st derivative of the function, the 2nd polynomial level, the presence of 3 smoothing points, the analytical range is 190 - 
400 nm, and the fixed lengths of the waves - 266 and 360 nm. For triple mixtures containing Amlodipine / Valsartan / 
Hydrochlorothiazide, the best results are obtained with IVth calculation type for Amlodipine and Valsartan and Ist, IIIrd 
and IVth for Hydrochlorothiazide. The developed method was compared with available in European Pharmacopoeia and 
US Pharmacopoeia methods for assay of Amlodipine substance and tablets respectively. The results show comparability 
and meet the pharmacopoeia criteria. 
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1. Introduction

Raised blood pressure (BP) is currently the biggest single contributor to global mortality [1], and extensive randomized 
trial data are consistent in showing that BP reduction substantially reduces cardiovascular morbidity and mortality [2]. 
However, despite these facts and the widespread availability of effective antihypertensive medications, the vast 
majority of more than one billion hypertensive patients worldwide remain with uncontrolled BP. Even among 
hypertensive patients who receive treatment, in most countries at least half of them fail to reach currently 
recommended BP targets [3]. 

Recent clinical trials have demonstrated that adequate BP control is possible among the majority of patients if 
combinations of more than 2 antihypertensive medications are used for treatment [4]. In addition to the potential 
benefits attributable to possible synergistic pharmacological and physiological actions, this strategy of using a 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://zealjournals.com/wjapls/
https://doi.org/10.53346/wjapls.2022.2.1.0036
https://crossmark.crossref.org/dialog/?doi=10.53346/wjapls.2022.2.1.0036&domain=pdf


World Journal of Advanced Pharmaceutical and Life Sciences, 2022, 02(01), 001–008 

2 

combination of 2 or 3 different drugs classes among drug-naive patients may, if provided in a single pill, also improve 

patient compliance and adherence [5-9]. 

Among the most widely used combinations are those containing Amlodipine besylate. Amlodipine - (RS)-3-ethyl-5-
methyl-2-[[(2-aminoethoxymethyl]-4-(2-chlorophenyl)-6-methyl-1,4-dihydropyridine-3,5-dicarboxylate belongs to 
dihydropyridine class from the group of calcium channel blockers. It is prescribed as an antihypertensive agent and for 
the prevention of angina. It’s use leads to constant and effective control of blood pressure and anti-ischemic effect in a 
single daily dose, is effective in a wide range of patients, has a favorable tolerability profile and proven benefits for 
reducing cardiovascular mortality and morbidity in randomized clinical trials [10-12]. Amlodipine is given orally as the 
besylate. It is combined very often in free and fixed dose combinations with other antihypertensive drugs as angiotensin 
II receptor antagonists (valsartan), thiazide diuretics (hydrochlorothiazide) and others. 

Increased use of antihypertensive drugs has also led to quality control issues for double and triple combinations 
containing drug molecules in various chemical modifications that affect the properties and stability of medicinal 
products. Also, the widely use of antihypertensive drugs has led to an increase in cases of their falsification and 
appearance on the market of poor-quality drugs [13-14]. 

One way to overcome this problem is to introduce fast and reliable identity and quantification tests. A number of 
analytical techniques for the analysis of amlodipine, valsartan and hydrochlorothiazide - monoproducts and drug 
combinations - have been described in the literature. [15-22]. Most of the methods, despite the good indicators of the 
analytical parameters in the process of their validation, are used for very specific purposes, are difficult to apply in drug 
combinations and are accompanied by a number of limitations. This leads to complications in their application for 
analytical control, the need to modify the conditions of the tests with subsequent validation or revalidation, 
incompatibility of the results of different methods and the resulting difficulties in assessing the quality of 
antihypertensive products. The efforts of specialists and inspection organizations in this direction are to increase the 
reliability of analytical control tests in order to ensure constant compliance with regulatory standards. 

The present study provides rapid UV-spectrophotometry test for the identity and quantification of double and triple 
combinations containing amlodipine. Test represents direct analysis - drug mixtures are analyzed in solution without 
prior separation using UV-VIS spectrophotometry. The spectral characteristics of the complex spectrum are used for 
authentication, counterfeiting, identification and assay. The test includes drug mixtures - free combinations and fixed 
dose combinations containing amlodipine. Basic spectral characteristics are determined and analytical parameters of 
the validation process are investigated.  

2. Material and methods 

2.1. Instrumentation  

HP UV visible spectroscopy system (model 8453) with 10 mm quartz cells (Agilent) were used for all absorbance 
measurements. Balance Mettler Toledo, model AB-304S/M-FACT; LC-P45 was used for weighing the standards. 

2.2. Reagents 

Methanol, HPLC grade, Fisher Scientific, Valsartan, pharmaceutical secondary standard traceable to US Pharmacopoeia 
(USP), European Pharmacopoeia (PhEur) and British Pharmacopoeia (BP), LOT LRAA9111, Sigma-Aldrich.  

Amlodipine besylate, pharmaceutical secondary standard traceable to USP, PhEur and BP, LOT LRAB1220, Sigma-
Aldrich.  

Hydrochlorothiazide, pharmaceutical secondary standard traceable to USP, PhEur and BP, LOT LRAA6504, Sigma-
Aldrich. 

2.3. Experimental Condition 

According to the solubility characteristics of drugs, methanol was selected as solvent for analysis.  
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2.4. Preparation of standard solutions 

2.4.1. Amlodipine besylate Stock Solution  

69.3 mg Amlodipine besylate was dissolved to 50 ml methanol. (C amlodipine = 1 mg/ml).  

2.4.2. Amlodipine besylate reference solution (RS)  

2.5 ml Amlodipine besylate Stock Solution was dissolved to 50 ml with methanol (C amlodipine = 0.05 mg/ml). 

2.4.3. Hydrochlorothiazide RS  

12.5 mg Hydrochlorothiazide standard was dissolved to 100 ml with methanol (C hydrochlorothiazide = 0.125 mg/ml). 

2.4.4. Valsartan RS  

32 mg Valsartan standard was dissolved to 20 ml with methanol (C valsartan = 1.6 mg/ml). 

2.4.5. RS mix  

32 mg Valsartan Standard and 1 ml Amlodipine besilate stock solution were dissolved to 20 ml with 
Hydrochlorothiazide RS (C amlodipine = 0.05 mg/ml, C valsartan = 1.6 mg/ml, C hydrochlorothiazide = 0.125 mg/ml).  

2.5. Wavelength selection 

The reference solution of amlodipine besylate was scanned at different concentration in the range of 200-400 nm and 
the λ max was determined. The overlain spectrum of tree drugs and the mix one was also run and presented. It is visible 
from the sprectrum, that only Amlodipine has absorption at 360 nm – Fig. 1. 

 

Figure 1 Overlaid spectra of Reference Substances mixture 

2.6. Specificity 

The specificity of the method was investigated by observing any interference of amlodipine with two other drugs in 
solution RS mix. 

2.7. Calibration Curve Procedure 

The calibration curve was prepared by scanning Standard solutions ranging from 15–75 μg/ml at 360 nm. Using 
weighting method: least squares; calibration curve equation is C=k0+(k1*A). The correlation coefficient (R^2) is 
0.99934 (Fig. 2). 
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Figure 2 Calibration curve of Amlodipine besylate 

2.8. Precision 

Precision of the methods was determined by performing interday variation, intraday variation and repeatability studies. 
In interday variation, the absorbance of standard solutions of Amlodipine (50 μg/ml) were measured on three 
consecutive days. In intraday variation, the absorbances were measured three times in a day. In repeatability study, six 
determinations of concentration (50 μg/ml) were analyzed.  

2.9. LOD & LOQ Determination 

The sensitivity of the method was determined with respect to limit of detection (LOD) and limit of quantitation (LOQ). 
The LOD was calculated as 3 times the noise level and LOQ was calculated as 10 times the noise level.  

2.10. Robustness 

Robustness of the method has been evaluated at tree different levels: analyst, days and wavelength (359-364 nm – Fig. 
3). 

 

Figure 3 Robustness of Amlodipine at different wavelength 

 



World Journal of Advanced Pharmaceutical and Life Sciences, 2022, 02(01), 001–008 

5 

2.11. UV-spectrophotometric study of binary and triple mixtures containing Amlodipine besylate 

The UV spectrophotometric study of mixtures was performed in order to optimize the spectral characteristics and for 
this purpose it was separated in four calculations. Normal spectrophotometry and 1st function derivative were used at 
polynomial levels 0 and 2nd. Smoothing points were found to be 1 for I and II and 3 for III and IV calculations. Each 
calculation was performed at a common analytical range (190 - 400, 190 - 500 and 200 - 500 nm) and two additional 
fixed wavelengths. Table 1 shows the studied parameters for different calculations. 

Table 1 Spectral characteristics 

Parameter Calculation I Calculation IIII Calculation III Calculation IVIV 

Analysis Multicomponent 
analysis 

Multicomponent 
analysis 

Multicomponent 
analysis 

Multicomponent 
analysis 

Calibration curve t Beer’s low Beer’s low Beer’s low Beer’s low 

Algorithm Least squares fit Least squares fit Least squares fit Least squares fit 

Derivative order 0 0 1 1 

Polynomial degree 0 0 2 2 

Smoothing points 1 1 3 3 

Data Interval 2 nm 2 nm 2 nm 2 nm 

Analytical wavelength II 190 – 400 nm 190 – 500 nm 190 – 400 nm 200 – 500 nm 

Analytical wavelength IIII 266 nm 250 nm 266 nm 270 nm 

Analytical wavelength III 360 nm 360 nm 360 nm 320 nm 

3. Results and discussion 

A validated UV spectrophotometric method for the quantification of Amlodipine in double and triple mixtures with 
Valsartan and Hydrochlorothiazide was developed and validated. The method uses 4 types of calculations, normal 
spectrophotometry, derivative spectrophotometry and determination at different analytical zones and fixed 
wavelengths in the range 190 - 500 nm. The result evaluation is in terms of analytical parameters and spectral 
characteristics used for identification. Table 2 shows the parameters of the validation process, the specific absorbance 
A 1%, 1cm of Amlodipine and the absorption ratio of absorption values at 236 and 360 nm.  

Table 2 Analytical and spectral parameters studied in process of validation 

Parameter Amlodipine 

Precision (%) + 2 /- 3 

Specificity Positive 

Accuracy (Recovery %) -7.6 / + 7.8 

Linear range (μg/ml) 15 - 75 

Correlation Coefficient (r) 0.99934 

LOD (μg/ml) 0.08 

LOQ (μg/ml) 1.66 

A 1%, 1cm 360 nm 113 - 121 

Absorption ratio - A236/A360 1.94 
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For double mixtures Amlodipine / Valsartan, the best results are obtained by determining at the 1st derivative of the 
function, the 2nd polynomial level, the presence of 3 smoothing points, the analytical range is 190 - 400 nm, and the 
fixed lengths of the waves - 266 and 360 nm. The standard deviation is +/- 0.085 for Amlodipine and +/- 0.042 for 
Valsartan. 

Table 3 Results for double mixtures containing Amlodipine besylate 

Sample 
Putted amount 

(g/ml) 

 

Calculation 

Obtained 
amount (g/ml) +/- SD x 10

-5
 

Independence 
of Stds 

Amlodipine 

0.000025 I 0.0000192 0.051 3.88 

0.000025 II 0.0000192 0.051 2.96 

0.000025 III 0.0000269 0.085 3.97 

0.000025 IV 0.0000395 0.056 3.97 

Valsartan 

0.00008 I 0.0000190 0.041 3.88 

0.00008 II 0.0000198 0.074 2.96 

0.00008 III 0.0000869 0.042 3.97 

0.00008 IV 0.0000386 0.043 3.97 

 

For triple mixtures containing Amlodipine / Valsartan / Hydrochlorothiazide, the best results are obtained with IVth 
calculation type for Amlodipine and Valsartan and Ist, IIIrd and IVth for Hydrochlorothiazide. The differences between 
the types are in the choice of fixed wavelengths, which for the IVth are 270 and 320 nm. 

Table 4 Results for triple mixtures containing Amlodipine besylate 

Sample 
Putted 

amount 
(g/ml) 

Calculation 
type 

Obtained 
amount 
(g/ml) 

 

+/- SD x 

10
-6

 

Independence 
of Stds 

Amlodipine 

0.000016 I 0.0000836 5.91 1.26 

0.000016 III 0.0000837 5.91 1.10 

0.000016 IV 0.0000179 0.12 1.09 

Valsartan 

0.000053 I 0.0000208 7.65 1.26 

0.000053 III 0.0000208 7.65 1.10 

0.000053 IV 0.0000466 0.12 1.09 

Hydrochlorothiazide 

0.000025 I 0.0000258 1.53 1.26 

0.000025 III 0.0000258 1.53 1.10 

0.000025 IV 0.0000286 0.02 1.09 

 

The developed method was compared with available in European Pharmacopoeia and US Pharmacopoeia methods for 
assay of Amlodipine substance and tablets respectively. Results are shown on table 5. The results show comparability 
and meet the pharmacopoeia criteria.  
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Table 5 Results of pharmacopoeial methods and UV spectrophotometric method for the quantification of Amlodipine 
besylate 

Parameter 
Developed UV-
spectrophotometric 
method 

European Pharmacopoeia 
method for substance 
Amlodipine 

US Pharmacopoeia 
method for tablets 
containing 
Amlodipine 

Selectivity positive positive positive 

Precision (RSD %) commensurable commensurable commensurable 

Accuracy (Recovery %) - 7.6 / + 7.8 - 3 / + 2 +/- 10 

LOD (μg/ml) 0.08 - - 

LOQ (μg/ml) 1.66 3.0 3.5 

Linearity interval (μg/ml) 15 - 75 - - 

4. Conclusion 

Rapid UV-spectrophotometric test has been developed to analyze antihypertensive drug combinations containing 
amlodipine besylate for identity and assay purposes. The test is based on the study of spectral parameters of the 
complex spectrum. It is distinguished by increased selectivity and optimal values of analytical parameters comparable 
to pharmacopoeial tests. 
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