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ABSTRACT: 
The present work describes the development and validation of UV Spectrophotometric 
method for direct determination of underivatized amlodipine besylate (ADB) in pure and 
tablet dosage forms. The validation parameters of linearity, precision, accuracy, recovery, 
specificity, limit of detection and limit of quantification were studied. The range of 
quantification for proposed method was 2-17 µg/mL. The precision of method was 
calculated as the relative standard deviation (RSD) and less than 2 %, and accuracy 
(relative error) was better than 6 % (n = 6). The developed method was successfully 
applied for the assay of pharmaceutical dosage forms which do not require any 
preliminary separation or treatment of the samples. The RSD values for Norlopin® tablet 
(5 mg) and Norvasc® tablet (5 mg) was found to be less than 2 %. The results obtained 
from this method were compared with two reference method reported in literature and 

no significant difference was found statistically (p>0.05).   
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1. INTRODUCTION  

Amlodipine besylate (ADB), (4R,S)-3-ethyl 5-methyl 2-(2-amino-ethoxy-methyl)-

4-(2-chlorophenyl)-1,4-dihydro-6-methylpyridine-3,5-dicarboxylatemonobenzene 

sulphonate (its empirical formula is: C20H25ClN2O5.C6H6O3S, Fig.1), is a 

dihydropyridine type long acting channel blocker with slow onset of 

vasodilatory action [1-3].  
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Figure 1. Chemical structure of amlodipine besylate (ADB) 

 

It may also be used for dilated cardiomyopathy and exhibits ameliorating effects 

on plasma and myocardial catecholamines with a significant reduction of calcium 

deposition [4,5]. In addition to calcium channel blocking ability, amlodipine also 

inhibits vascular smooth muscle cell growth through interactions with targets 

other than L-type calcium channels [3-5]. Several analytical procedures are 

available in the literature for the analysis of ADB in pharmaceutical dosage, such 

as High performance liquid chromatography [6-12], high performance thin layer 

chromatography [13-15], electrochemical analysis [16,17] and titrimetric and 

spectrophotometric method using bromate-bromide mixture [18].  As far as 

sensitivity and economical methods of assay are concerned, the determination of 

ADB by spectrophotometric methods have been proposed based on the 

extractable ion-pair complex formation followed by extraction and charge-

transfer complexes formation [19-26], complex reaction with 2,3-dichloro 5,6-

dicyano 1,4-benzoquinone and ascorbic acid in N,N-dimethylformamide 

medium [27], oxidative coupling with 3-methyl 2-benzothiazoli- none hydrazone 

hydrochloride [28], complex formation with sodium hydroxide and ninhydrine 

[29,30], derivative spectroscopy [31-32], the reduction of iron (III) in acid medium 

[33] and application of oxidants [34]. However, many of these methods are 

limited in their applications because ADB was derivatizated with different 

substances. These procedures suffer from such disadvantages as poor selectivity, 

heating or extraction step and are expensive and time consuming. Therefore 

there is a need for a simple spectrophotometric method for the assay of ADB 

without derivatization in pharmaceutical preparations. 

Therefore, in this study we are aim at developing simple and sensitive method, 

which would overcome the difficulties encountered in most spectrophotometric 

method. The UV Spectrophotometric method was developed for determination 

without derivatizated of ADB in tablet dosage forms and completely validated 

(by using linearity, precision, accuracy and sensitivity parameters). We also 

indicated that determination of ADB without derivatization in tablet dosage 

forms was possible. The proposed method is recommended for the routine 

analysis since it is rapid, simple, accurate and also sensitive and specific by no 
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derivatized. The results obtained this developed and validated method was 

statistically compared with two reference method [12,18].  

2. MATERIALS AND METHODS 

2.1. Equipments 

A Thermospectronic (HEIOS) double-beam UV-Visible spectrophotometer 

with a fixed slid width 2 nm and its data processing system was used. The curves 

of the UV-Visible spectra (N=6. =18.0 nm) of standard and tablet solutions 

were recorded in a 1 cm quartz cells between in wavelength ranges of 250-450 nm 

at scan speed of 600 nm/min. 

2.2. Reagents and Solutions  

ADB standard was kindly supplied by Novartis Pharmaceutical Industry 

(Ankara-Turkey). Purity of this substance checked by standard methods (melting 

point, NMR and IR spectra) and no impurities were found. Ethanol, acetonitrile 

and other analytical chemicals were purchased from Merck (Germany). 

Pharmaceutical dosage forms (Norlopin®, Norvasc®) containing ADB were 

obtained commercially in pharmacy and were claimed to contain 5 mg of the 

drug and other substance as excipien. 

The stock solution of ADB was prepared in ethanol-acetonitrile (30/70, v/v) 

solvent mixture to a final concentration 100 g/mL.  For calibration, standard 

solutions containing 2, 4.5, 7, 9.5, 12 and 17 μg/mL were daily prepared by 

diluting the stock solution to a constant volume with ethanol-acetonitrile 

mixture. The quality control samples (QC) were prepared at 5.75, 10.75 and 14.50 

g/mL concentrations from stock solution of ADB. These samples were used in 

analysis of standard samples as quality controls for the purpose of checking 

recovery of analyte in the daily analyses of standard samples.  

2.3. Tablets 

Twenty tablets each of Norvasc and Norlopin tablet were carefully weighed and 

ground to finely divided powders. Accurate weights equivalent to 5 mg ADB 

was dissolved in 100 mL ethanol-acetonitrile (30/70, v/v) solvent mixture, mixed 

well. Solution was stand for about 10-15 min and filtered up using 12 mm filter 

paper and then the solution volume was made up to the 250 mL with same 

solvent mixture. The final concentration of these solutions was 20 g/mL.  

2.4. Method Validation 

The validation of method was carried out by establishing specifity, linearity, 

recovery values, limits of detection (LOD), limit of quantification, within- and 

between-day precision and accuracy according to International Conference on 

Harmonization guidelines (ICH) [35] for validation of analytical procedures.  

3. RESULTS AND DISCUSSION 

3.1. Method Development 

To develop a sensitive the UV spectrophotometric method, various solvent 

systems were tried, such as water, methanol, ethanol and acetonitrile 

individually or in combinations of different proportions. The final decision of 
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using ethanol-acetonitrile (30/70, v/v) mixture was based on sensitivity, 

interference, easy of preparation, suitability for drugs, content estimation and 

cost in that order. Methanol-asetonitrile mixture can be used. But, methanol was 

abandoned because of its toxicity.  

The standard solutions were scanned wavelength range of 250-450 nm in the 2 nm 

band width against a similarly prepared blank in spectrophotometer.  The λmax was 

found to be 360 nm. This wavelength was used for all measurements. The UV 

absorption spectrums of ADB were monitored: the one broad shouldered peak with 

maximum wavelengths at 360 nm in ethanol-acetonitrile (30/70, v/v) solvent 

medium was observed as shown in Fig. 2 and 3. However, these shouldered peaks 

were not appeared when the bandwidth was chosen as 5 nm and it was monitored a 

single well-defined maximum peak in UV spectrums. These maximum wavelengths 

were broader at low concentrations so that analysis couldn’t be performed; at higher 

concentrations the peaks were sharper but analysis couldn’t be carried out because 

of the shoulder. 

3.2. Linearity 

Linearity of the assay was demonstrated over concentration range of 2 to 17 

g/mL ADB in six replicate at separate concentrations. The linearity was 

evaluated by linear regression analysis, which was calculated by least square 

regression method. Linear range was determined by plotting the absorbance at 

its λmax versus sample concentration. The regression equation of calibration curve 

and regression coefficient (r) for standard samples were found as 

A=0.0122x+0.0298 and 0.999, respectively (Fig.2.). 

 
Figure 2. UV Spectrums and calibration curve of standard solutions of ADB 

 

3.3. Limit of Detection and Quantification 

Spectrophotometrically, LOD and LOQ were determined by an empirical method 

that consisted of analyzing a series of standard solutions containing decreasing 

amounts of ADB. This method, although not applicable for complex matrices, is 

useful for simple samples. The LOQ was defined as the lowest concentration on 

the calibration curve that presented a RSD that did not exceed 10% and the LOD 

was defined as the lowest concentration that presented a RSD that did not exceed 

20%. LOQ and LOD values for standard samples were approximately deemed to 

be 2 g/mL and 1.5 g/mL, respectively. 
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3.4. Precision and Accuracy 

Repeatability was evaluated by assaying samples, at same concentration and 

during the same day. Assay precision and accuracy were assessed by assaying 

three quality control samples (5.75, 10.75 and 14.50 g/mL) in six replicate on 

one day for within-day precision and once daily for six days for between-day 

precision. Concentrations of ADB in quality control samples were determined by 

application of the appropriate standard curve obtained on that occasion. The 

within-day and between-day relative standard deviation (RSD) were 2% for 

standard samples (n=6). Precision studies of UV spectrophotometric method 

showed acceptable RSD values. The accuracy of this analytic method for assay 

determination was checked for quality control samples and the relative errors for 

accuracy were  6 % (Table 1).  

 

 

 
Table 1. Precision and accuracy of the method for determination of ADB (n=6) 

 
Added 

(g/mL) 

Within-day Between-day 

FoundSDa 

(g/mL) 

Precision 
RSD % 

Accuracyc 

RE% 
FoundSDa 

(g/mL) 

Precision 
RSD% 

Accuracy 
RE% 

5.75 5.910.15 1.96 2.85 6.080.14 1.82 5.65 

10.75 10.680.13 1.04 -0.65 10.800.20 1.57 0.45 

14.50 14.170.21 1.30 -2.24 14.410.14 0.88 -0.63 
            SDa :   Standard deviation of six replicate determinations, RSD: % Relative standard  deviation  

      Accuracyc : %Relative Error 

 
3.5. Recovery  

The accuracy was determined by recovery of known amounts of ADB reference 

standard added the tablet samples at the beginning of the process. For recovery 

study, the tablet solutions according to the procedure described at Section 2.4. 

was prepared. The tablet solutions to 2.5, 5.0 and 7.5 g/mL concentrations were 

transferred in ADB standard solution to 7.5 g/mL concentration. The final 

concentrations of these solutions were 10, 12.5 and 15 g/mL. The absorbance of 

solutions prepared was measured with spectrophotometer. The percentage 

recovery of added ADB standard was calculated by comparing the found and 

added concentrations (Cfound/Caddedx100) in each case. The mean recoveries and 

the RSD values for these recovery values were found ranged 99.0- 110.0% and 

1.0-2.0%, respectively. No interference from the common excipients was 

observed. The results showed in Table 2. 
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   Table 2. Recovery values of ADB in pharmaceutical preparations (n=6) 

 
Formulation 

name 
Taken 

(g/mL) 

Added 

(g/mL) 

Found±SD 

(g/mL) 
 

Recovery±RSD 
          (%) 

 

 
Norlopin-5 mg 

2.50 7.5 9.930.10 99.3±1.00 

5.00 7.5 12.540.15 100.3±1.19 

7.50 7.5 16.270.28 108.5±1.72 

 

Norvasc-5 mg 
 

2.50 7.5 9.970.18 99.7±1.80 

5.00 7.5 12.610.14 100.9±1.11 

7.50 7.5 15.040.18 100.3±1.19 
   SD:  Standard deviation of six replicate determinations, RSD: Relative standard 

 

3.6. Stability  

To determine of the stability of ADB standard solutions at ambient and 

refrigeration temperature, ADB solutions to 4.5, 12 and 16 g/mL concentrations 

and stock solution were stored at ambient,  4oC and deepfreeze for 24 h and 1 

week. Then the stability measurements were carried out. The results were 

evaluated comparing these measurements with those of standards and expressed 

as percentage deviation. The results indicated that the stock solution and 

solutions to 4.5, 12 and 16 g/mL concentrations were found to be stable after 

one week with no significant change in concentration. 

3.7. Interferences study 

The effects of common excipients and additives were tested for their possible 

interferences in the assay of ADB. In addition to the active ingredient, 

amlodipine besylate, each tablet contains the following inactive ingredients: 

microcristaline cellulose, dibasic calcium phosphate anhydrous, sodium starch 

glycolate and magnesium stearate. It has been determined any interference of 

these substances at the levels found in dosage forms.  

3.8. Comparison of Proposed Method with Two Reference Methods 

The suggested UV spectrophotometric method was applied to the quantitative 

determination of ADB in tablet dosage forms. Also the developed and validated 

method was statistically compared with two reference methods in literature [12, 

18]. One of reference methods is HPLC method (I reference method) and other is 

indirect spectrophotometric method (II reference method). In the indirect 

spectrophotometric method, ADB had been reacted with bromate-bromide 

mixture in HCl medium and then the unreacted bromine was measured 

absorbance with spectrophotometer.  

The proposed method was linear over the concentration range 2-17 g/mL. 

The I and II reference method had been found as linear over the concentration 

range 7.55-241.6 g/mL and 1.25-12.5 g/mL, respectively. The average recovery 

value for ADB in 5 mg tablet composites ranged to 98.0- 100.0% and the RSD 

(Table 3) values obtained within- and between-day assay of quality control 

samples ranged from 0.5 to 2.0% for proposed method, which indicated high 

accuracy and precision.  
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Table 3: Statistical comparison (Student t-test and F-test) of two reference methods and  
              proposed method 
 

 Method n X RSD 
(%) 

Std. Error 
Mean 

t-values P-Values 

First 
comparision 

Proposed 
method 

10 101.36 2.2498 1.2989  
-2.149 

 
0.098 

HPLC 10 97.90 1.6573 0.9568 

Second 
comparision 

Proposed 
method 

10 101.37 2.2498 1.2989  
0.016 

 
0.988 

Metod C 10 101.39 1.7128 0.9888 
            n: Number of determination,  aX: mean, RSD: Relative Standard Deviation,  tc: Calculated t values 

Ho: Hypothesis: no statically significant difference exists between two methods tt tc; Ho hypothesis in accepted     

       (=0.05) 

 

In I and II reference method, the average recovery value had been ranged to 

97.58-99.76% and 100.0-101.0% for ADB in 5 mg tablet composites, respectively, 

and also the RSD values had been ranged from 0.85 to 1.04% and from 0.5 to 

1.26%, respectively. The results obtained were compared statistically by 

Student’s t-test (for accuracy) and variance F-test (for precision) with reference 

methods [12, 18] at 95 % confidence level with five degrees of freedom. The 

results showed that the P-values were higher than P=0.05 indicating that there 

was no significant difference between the proposed and reference methods 

(Table 4).   
 
Table 4: Comparision of the proposed method with existing spectrophotometric methods for the 
determination of ADB in pharmaceutical formulations 
 

Reagent max 
nm 

Range 

g mL-1 

RSD 
% 

Reference 

Bromothymol Bluea 405.0 5-40 0.99 28 

MBTHb 630.0 5-40 0.87 28 

Eriochrome Black Ta 495.0 5-50 0.88 22 

Indigocaminea 590.0 25-150 0.87 22 

Rhodizonic acida 450.0 100-1500 - 20 

p-Chloranilic acid 540.0 100-600 0.52 26 

Sodium hydroxide 465.0 20-100 1.90 29 

Underivatized ADB 360.0 2-17 0.5-2.0 This work 
aExtractive method, b 3-Methyl-2-benzothiazolinone hydrazone hydrochloride 

 

Also, the newly proposed method for the determination of ADB in 

pharmaceutical preparations compared favorably with other spectrophotometric 

methods used derivatized (Table 4). It was found that method has advantages of 

high performance (RSD 2 % for pure samples and dosage forms) and fast 

response. Therefore can be used applied as an alternative to the existing 

methods. 

4. CONCLUSIONS 

Today, HPLC method with different detection and spectrophotometric methods 

are widely used as analytical techniques for determination of ADP in tablet 

dosage forms. However, the determination of ADP reacted with different 
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substances in the most of these methods has been made. For this, the UV 

spectrophotometric method were developed and completely validated for 

quantitative determination of underivatized ADB in tablet dosage forms in this 

study and also the results show good recoveries of ADB from the spiked tablet 

samples, without any interference from the excipients. The proposed method are 

rapid, simple, accurate, reproducibility and convenient since it do not require 

any special working conditions. For this reasons, it can be used for determination 

from pharmaceutical preparations of ADB in routine quality control 

measurement, where economy and time are essential. 
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