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ABSTRACT 

A simple, rapid, precise, accurate and economical spectrophotometric method requiring no prior separation 

Keywords: Simultaneous Equation Method, Amlodipine, Metoprolol, ICH guidelines. 

has been developed for the 
simultaneous estimation of amlodipine and metoprolol in tablet dosage form. Amlodipine and Metoprolol exhibit absorption maxima at 237.5 and 
223 nm respectively. The developed Simultaneous equation method obeyed Beer’s Law in the concentration range of 5-25 µg/ml for both the drugs. 
The proposed method is recommended for routine analysis of amlodipine and metoprolol as it is rapid, precise, accurate and reproducible. The 
results of the tablet analysis were validated with respect to recovery (accuracy), linearity, limit of detection and limit of quantization according to 
ICH guidelines and found to be satisfactory. 

 

INTRODUCTION 

Amlodipine (AML), chemically (RS)-3-ethyl-5-methyl 2-[(2-
aminoethoxy) methyl]-4-(2-chlorophenyl)-6-methyl-1, 4-
dihydropyridine-3, 5-dicarboxylate (Fig.1), is a long-acting calcium 
channel blocker used in the management of hypertension by 
inhibiting the inward movement of calcium by binding to L-Type 
calcium channels in the heart and in smooth muscle of the coronary 
and peripheral vasculature relaxing the smooth muscle and dilating 
arterioles thereby decreasing peripheral resistance and hence 
improve blood pressure and in angina pectoris by improving blood 
flow to the myocardium1-2 whereas Metoprolol (MET), chemically 
(RS)-1-(Isopropylamino)-3-[4-(2-methoxy ethyl) - phenoxy] propan-
2-ol (Fig. 2) is a selective β1 receptor blocker used in the treatment 
of several diseases of cardiovascular system especially hypertension. 
It is a beta adrenergic blocking agent, which reduces chest pain and 
lowers high blood pressure.
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Fig. 1: Structure of Amlodipine 
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Fig. 2: Structure of Metoprolol 

Literature survey revealed the estimation of AML and MET with 
other drugs using UV4-14, HPLC 15-22 and HPTLC23. So far this 
combination has only been analysed using HPLC24and no 
spectrophotometric method has been reported. So the present study 
is focussed on a successful attempt to estimate AML and MET using 
UV spectroscopy. 

MATERIALS AND METHODS 

Standard bulk drug samples of amlodipine and metoprolol were 
provided as gift samples. Tablets of combined dosage form were 
procured from the local market. All other reagents used were of 
analytical grade. 

A double-beam Shimadzu UV-visible spectrophotometer, 1800 with 
a pair of 1 cm matched quartz cells were used to measure the 
absorbance of the solutions.  

Preparation of Standard Solutions 

10 mg of MET was accurately weighed and transferred to a 10 ml 
volumetric flask containing small amount of methanol. The drug was 
dissolved with sonication and the final volume was adjusted with 
methanol up to the mark to get a solution of 1000 µg/ml and then 
further diluted to get 10µg/ml. Solution of AML was also prepared in 
a similar way to get a concentration of 10µg/ml.  

Determination of Absorption maxima 

By scanning standard solutions in the UV-VIS spectrophotometer in 
the wavelength range of 200-400 nm,  an overlain spectrum was 
recorded (Fig.3). Using the overlain spectra of AML and MET in 
methanol, the wavelength maxima of both drugs, i.e., 237.5 nm (λ1) 
and 223.0 nm (λ2), were selected as two sampling wavelengths for 
this method. The prepared stock solutions were diluted to get 
solutions of concentrations of 5-25 µg/ml. The absorbance of these 
solutions were measured at the selected wavelengths and 
absorptivities were determined. The concentrations of the drugs 
were obtained by using following equations: 

Cx = A1 ay2 – A2 ay1.............................Eq. 1 
                   ax1 ay2 – ax2 ay1 

Cy = A1 ax2 – A2 ax1...............................Eq. 2 

                  ay1 ax2 – ay2 ax1 

Where, A1 and A2 are absorbance of mixture at 237.5 nm and 223 
nm respectively, ax1 and ax2 are absorptivities of AML at λ1 and λ2 
respectively and ay1 and ay2 are absorptivities of MET at λ1 and λ2 

respectively. Cx and Cy

Twenty tablets were weighed, crushed and an accurately 
weighed sample equivalent to 20 mg of MET and 2 mg of AML 
was transferred to a 10 ml measuring flask and then by standard 
addition method 18 mg of pure AML was added in order to bring 
MET and AML in ratio of 1:1. The drug powder was dissolved in 
methanol with sonication, filtered through Whatman filter paper 
and then volume was made up to 10 ml with methanol to get 
stock solution of 1000 µg/ml of each drug and then further 
diluted to get 10µg/ml. All determinations were carried out 
three times at 237.5 and 223 nm and then the concentration of 
both the drugs was calculated using Equation 1 and 2 and the 
results are given in Table 1. 

 are the concentrations of AML and MET 
respectively. The results of analysis are given in Table-1. 

Application of the developed method on tablet dosage form 
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Fig. 3: Overlain spectrum of AML and MET showing λmax of AML at 237.5 nm and λmax

 

 of MET at 223 nm 

Table 1: Result of Analysis in Marketed Formulation. 

Drug Label claim Amount found (mg) % drug found ± SD 
AML 5 mg 5.003 100.06±0.740 
MET 50 mg 50.15 100.3±1.267 

 Values expressed mean ± SD (n=3) 

 

Statistical Validation 

The described method has been validated for the assay of both the 
major components of bulk drug using following parameters 
according to ICH guidelines.

Linearity 

25-26 

Limit of detection and limit of quantification 

Limit of detection (LOD) is the minimum concentration of the 
analyte that can be detected by the instrument. Limit of 
quantification (LOQ) is the concentration of analyte that can be 
quantified. These parameters were calculated for the proposed 
method based on the standard deviation (SD) of the y-intercept and 
the slope (S) of the calibration curves. LOD = 3.3 (SD/S) and LOQ = 
10 (SD/S) and the values obtained are given in Table 2. 

Linearity was studied by preparing solutions at different 
concentration levels. Calibration curve was plotted using standard 
solutions of 5µg/ml to 25µg/ml and regression analysis was carried 
out. Regression coefficients are reported in Table 2 and linearity 
graph is shown in Fig.4. 

Precision 

Precision of the method was studied by intra- and inter-day 
variations in the test method of AML and MET. Intra-day precision 
was run in triplicate on the same day and inter-day precision for 
three consecutive days. Precision and accuracy data is shown in 
Table 3 and 4. 

 

 

Fig. 4: Linearity graphs of AML and MET plotted between absorbance on X-axis and concentration (µg/ml) on Y-axis 
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Table 2: Optical Characteristics 

Parameter Amlodipine Metoprolol 
 237.5 nm 223 nm 237.5 nm 223 nm 
Beer’s law limit(μg/ml) 5-25 5-25 5-25 5-25 
Regression equation Y= mX + c 
Slope (m) 0.031 0.035 0.031 - 
Intercept (c) 0.005 0.015 0.019 - 
Correlation coefficient(R2 0.998 ) 0.998 0.998  
Standard deviation SD 0.0047 0.0013 0.0009 - 
Limit of detection (μg/ml) 0.5 0.12 0.095 - 
Limit of quantification 
(μg/ml) 

1.51 0.37 0.29 - 

 

Table 3: Intraday Precision 

Drug Conc. (μg/ml) Simultaneous Equation Method 
  Accuracy± SD %RSD 
AML 10 100.06± 0.740 0.74 
MET 10 98.26±0.309  0.3141 

Values expressed mean ± SD (n=3) 

Table 4: Interday Precision 

Drug Conc. (μg/ml) Simultaneous Equation Method 
  Accuracy± SD %RSD 
AML 10 100.23±0.057  0.057 
MET 10 99.98±0.520 0.52 

Values expressed mean ± SD (n=3) 

Table 5: Recovery Study 

Drug Amount added (μg/ml) Amount recovered (μg/ml) %Recovery ± SD % RSD 
 
AML 

80% (9μg/ml) 9.036 100.4±0.081 0.081 
100% (10μg/ml) 10.07 100.7±0.082 0.081 
120% (11μg/ml) 11.154 101.4±0.326 0.321 

 
MET 

80%(9μg/ml) 9.108 101.2±0.244 0.241 
100%(10μg/ml) 10.03 100.3±0.205 0.204 
120%(11μg/ml) 10.813 98.3±0.244 0.248 

Values expressed mean ± SD (n=3) 

 

Recovery 

It is a measure of closeness between actual value and the analytical 
value and is calculated by applying test procedure for a number of 
times at three different levels viz. 80%, 100% and 120%. Samples of 
concentration 10µg/ml were prepared and analyzed using the 
proposed method. Percentage recovery was calculated using the 
equation for the method and the results are given in Table 5. 

RESULTS & DISCUSSION  

The method discussed in the present work provides a convenient, 
simple, rapid, accurate, precise and economical way to estimate AML 
and MET in pharmaceutical dosage form. Linearity of both the drugs 
was analysed on selected wavelengths (237.5 nm (λ1) and 223.0 nm 
(λ2)) and was found to be 5-25µg/ml for both drugs as shown in 
Table 2. Regression analysis was made for the slope (m), intercept 
(c) and correlation coefficient (r2) as shown in Table 2. Higher values 
of correlation coefficient (r2

Sensitivity of the method was determined by calculating limit of 
detection (LOD) and limit of quantification (LOQ). Precision of the 
proposed method was determined by inter- and intra-day precision 
methods and the results range from 99.98-100.23% in case of inter-
day precision and 98.26-100.06% in intra-day precision. % RSD 
calculated was less than equal to 2 which indicate the accuracy and 
reproducibility of the method. Results are shown in Table 3 and 4. 

) indicate good linearity of the 
calibration curve for both the drugs as shown in Fig. 4.  

Drug content in the tablet was directly calculated from the given 
equations and the results ranges from 100.06-100.3% as shown in 
Table 1. The proposed method was validated according to the ICH 

guidelines. Standard deviation (SD) and % relative standard 
deviation (%RSD) is calculated in Table 2 & 3. Low values of 
standard deviation show the accuracy, repeatability and 
reproducibility of the method. The accuracy of the method was 
proved by performing recovery studies on the commercial 
formulation at 80, 100 and 120% level. Recovery ranges from 98.3-
101.4% (Table 5). The results of recovery study indicate that these 
drugs could be quantified simultaneously and that there is no 
interference of the excipients present in the formulation. 

From statistical data it is clear that the method is repeatable and 
specific for the analysis of two drugs in combination and since none 
of the methods is reported for simultaneous estimation of 
metoprolol and amlodipine from combined dosage form, the 
developed method can be used for routine analysis of two 
components without prior separation. 

ACKNOWLEDGEMENT 

We wish to express our gratitude to management of M.M. University, 
Mullana, Ambala for inspiration and constant support. 

REFERENCES  

1. Rathee P, Rathee S, Thakur S, Kumar V. Simultaneous 
estimation of Amlodipine Besylate and Lisinopril Dihydrate as 
A.P.I. and in tablet dosage forms by modified form of 
simultaneous equation method using derivative UV- 
Spectrophotometry. International Journal of PharmTech 
Research 2010; 2(1): 556-562. 

2. Kakde RB, Kotak VH, Barsagade AG, Chaudhary NK, Kale DL. 
Spectrophotometric Method for Simultaneous Estimation of 



Chaudhary et al. 
Int J Pharm Pharm Sci, Vol 4, Suppl 3, 191-194 

194 
 

Amlodipine Besylate and Bisoprolol Fumarate in 
Pharmaceutical Preparations. Research Journal of Pharmacy 
and Technology 2008; 1(4): 513-15. 

3. Wankhede SB, Dixit NR, Chitlange SS. Validated 
spectrophotometric methods for quantitative determination of 
Atorvastatin calcium and Metoprolol succinate in Capsules. Der 
Pharma Chemica 2010; 2(1): 134-140. 

4. Gupta VC, Chopde CT, Kunjwani HK, Manikrao AM, Shivhare SC. 
Simultaneous UV spectrophotometric determination of 
Amlodipine besylate and Nebivolol hydrochloride in tablet 
dosage form. International Journal of ChemTech Research 
2010; 2(1): 69-73. 

5. Patil PR, Rakesh SU, Dhabale PN, Burade KB. Simultaneous 
Estimation of Ramipril and Amlodipine by UV 
Spectrophotometric Method. Research Journal of Pharmacy 
and Technology 2009; 2(2): 304-307. 

6. Mali SL, Dhabale PN, Gonjari ID, Deshmukh V, Chanekar PD. 
Simultaneous UV- spectrophotometric methods for estimation 
of Atenolol and Amlodipine Besylate in combined tablet dosage 
form. International Journal of Pharmacy and Pharmaceutical 
Sciences 2010; 2(3): 71-74. 

7. Patil PR, Rakesh SU, Dhabale PN, Burade KB. Simultaneous UV 
Spectrophotometric Method for Estimation of Losartan 
Potssium and Amlodipine Besylate in Tablet Dosage Form. 
Asian Reasearch Journal of Chemstry 2009; 2(1): 183-187. 

8. Talluri C, Srinivas K, Vijay KB, Ramesh J, Kishore M. 
Simultaneous determination of Amlodipine besylate and 
Atorvastatin calcium in tablet dosage forms by 
spectrophotometric methods. International Journal of 
Biopharmaceutics 2010; 1(2): 62-66. 

9. Gupta KR, Mahapatra, AD, Wadodkar AR, Wadodkar SG. 
Simultaneous UV Spectrophotometric Determination of 
Valsartan and Amlodipine in Tablet. International Journal of 
ChemTech Research 2010; 2(1): 551-556. 

10. Juyal V, Chaudhary M, Kumar P, Gnanarajan G, Yadav PK. 
Method development and its validation for simultaneous 
estimation of atorvastatin and amlodipine in combination in 
tablet dosage form by UV spectroscopy, using multi-component 
mode of analysis. Journal of Pharmacy Research 2008; 1(2): 
182-187. 

11. Mishra P, Shah K., Gupta A. Spectrophotometric methods for 
simultaneous estimation of Nebivolol hydrochloride and 
Amlodipine besylate in tablets. International Journal of 
Pharmacy and Pharmaceutical Sciences 2009; 1(2): 55-61. 

12. Giri CK, Kondawar MS, Chougule DD. Simultaneous estimation 
of Nebivolol hydrochloride and Amlodipine besylate in 
combined tablet dosage form by q-analysis method. 
International Journal of Pharmaceutical Resaerch and 
Development 2010; 2(5): 1-8. 

13. Ragno G, Garofalo A, Vetuschi C. Photodegradation monitoring 
of Amlodipine by derivative spectrophotometry. Journal of 
Pharmaceutical and Biomedical Analysis 2002; 27(1-2): 19-24. 

14. Stolarczyk M, Ekiert RA, Krzek J, Rzeszutko WO. Determination 
of metoprolol and hydrochlorothiazide by derivative 

spectrophotometric method in pharmaceutical preparations. 
Acta Poloniae Pharmaceutica and Drug Research 2006; 63(3): 
169-173. 

15. Meyyanathan SN, Muralidharan S, Rajan S, Gopal K, Suresh B. A 
Simple Sample Preparation with HPLC–UV Method for 
Estimation of Amlodipine from Plasma: Application to 
Bioequivalence Study. The Open Chemical and Biomedical 
Methods Journal 2008; 1: 22-27. 

16. Çelebier M, Kaynak MS, Altınozo S, Şahin S. Validated HPLC 
Method Development: The Simultaneous Analysis of 
Amlodipine and Valsartan in Samples for Liver Perfusion 
Studies. Hacettepe University Journal of the Faculty of 
Pharmacy 2008; 28(1): 15-30. 

17. Barman RK, Islam UMA, Ahmed M, Wahed MII, Islam R, Khan A, 
et al. Simultaneous high-performance liquid chromatographic 
determination of Atenolol and Amlodipine in pharmaceutical-
dosage form. Pakistan Journal of Pharmaceutical Sciences 
2007; 20(4): 274-279. 

18. Shimooka K, Sawada Y, Tatematsu H. Analysis of Amlodipine in 
serum by a sensitive high-performance liquid chromatographic 
method with amperometric detection. Journal of 
Pharmaceutical and Biomedical Analysis 1982; 7(11): 1267-
1272. 

19. Aqil M, Ali A, Ahad A, Sultana Y, Najmi AK, Saha N. A validated 
HPLC method for estimation of Metoprolol in human plasma. 
Acta chromatographica 2007; 19: 130-40. 

20. Zakeri-Milani P, Valizadeh H, Azarmi Y, Barzegar-Jalali M, 
Tajerzadeh H. Simultaneous determination of metoprolol, 
propranolol and phenol red in samples from rat in situ 
intestinal perfusion studies. DARU 2006; 14(2): 102-108. 

21. Singh B, Patel DK, Ghosh SK. Development of Reverse-Phase 
HPLC Method for Simultaneous Analysis of Metoprolol 
Succinate and Hydrochlorothiazide in a Tablet Formulation. 
Tropical Journal of Pharmaceutical Research 2009; 8(6): 539-
543.  

22. Hesham S, Ola MA. Determination of Metoprolol and Felodipine 
in Binary Mixture Using Chemometric-Assisted 
Spectrophotometric and High-Performance Liquid 
Chromatographic-UV Methods. American Journal of Applied 
Sciences 2007; 4(9): 709-717. 

23. Argekar AP, Powar SG. Simultaneous determination of atenolol 
and amlodipine in tablets by high-performance thin-layer 
chromatography. Journal of Pharmaceutical and Biomedical 
Analysis 2000; 21(6): 1137-1142.  

24. Sohan SC, Mohammed I, Dinesh MS. RP-HPLC method for 
simultaneous estimation of Amlodipine and metoprolol in tablet 
formulation. Asian Journal of Pharmacy 2008; 2(4): 232-234. 

25. ICH Topic Q 2 (R1) Validation of Analytical Procedures: Text 
and Methodology, note for guidance on validation of analytical 
procedures: text and methodology (CPMP/ICH/381/95). 1995. 

26. International Conference on Harmonization; Draft Guidance on 
specifications: Test Procedures and Acceptance Criteria for 
New Drug Substances and Products: Chemical Substances, 
Federal Register (Notices). 2000; 65 (251): 83041–83063. 

 

http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235266%232002%23999729998%23268785%23FLA%23&_cdi=5266&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4fe15cfd317d0c706f775b8dcbadb1e5�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235266%231989%23999929988%23276771%23FLP%23&_cdi=5266&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=2414a4a5bcf055b1446ca79695038a73�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science/journal/07317085�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235266%232000%23999789993%23149428%23FLA%23&_cdi=5266&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=9a0df44fbdf42ceccf3ffda30ade25fb�

