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Abstract 
A simple, sensitive, precise and rapid reverse phase high performance liquid chromatography (RP-
HPLC) method was developed and validated for simultaneous estimation of Metoprolol (MET) and 
Ranolazine (RAN) in bulk drug and tablet dosage forms. The separation was achieved by using 
Gemini-NX 10 micron (250 mm X 4.6 mm) column with a mobile phase consisting of buffer (0.05 M 
potassium dihydrogen ortho phosphate) and acetonitrile in ratio 70:30 % v/v at a flow rate of 1.0 
mL/min. Analysis was performed at ambient temperature with detection at 272 nm. The retention 
times of MET and RAN were found to be 3.4 and 6.9 min and the calibration curves were linear 
(r2=0.999) over a concentration range from 10-50 µg/mL for MET and RAN respectively. The Limit 
of detection (LOD) of MET and RAN was observed to be 0.001 µg/mL and 0.1 µg/mL respectively, 
the Limit of quantitation (LOQ) of MET and RAN was observed to be 1 µg/mL for both. The 
developed method was validated for parameters like system suitability, specificity, linearity, accuracy, 
precision, ruggedness and robustness as per ICH guidelines and the results were found to be within 
the limits. So it can be used for the routine quality control of MET and RAN in bulk sample and 
tablet dosage forms. 
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INTRODUCTION 
Metoprolol, chemically is a {2-hydroxy-3-[4-(2-methoxyethyl)phenoxy]propyl}(propan 2-   yl)amine (Fig 
1a). It is a cardio selective β1-adrenergic blocking agent, used for angina pectoris, acute myocardial 
infarction, heart failure and mild to moderate hypertension. It is also used for supraventricular and 
tachyarrhythmias and prophylaxis for migraine headaches. At low doses, Metoprolol selectively block 
cardiac β1-adrenergic receptors with little activity against β2-adrenergic receptors of the lung and vascular 
smooth muscle. Receptor selectivity decreases with higher doses.1 Ranolazine is an anti-anginal drug (Fig 
1b). It can be used in combination with beta blockers, nitrates, calcium channel blockers, antiplatelet 
therapy, lipid-lowering therapy, ACE inhibitors, and angiotensin receptor blockers.2 Metoprolol along 
with the Ranolazine is given for chronic angina treatment.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Structures of selected drugs 
 
Literature survey revealed that various methods such as RP-HPLC,4,5 rapid spectrofluorometry,6 
Ultraviolet Spectroscopy7 and Derivative Spectroscopy8 for Metoprolol and RP-HPLC,9-11 Visible 
Spectroscopy,12 LC-MS13 for the estimation of Ranolazine were reported  individually and in combination 
with other drugs. But no method was developed and validated to estimate them simultaneously.  
 
Hence, in the present study, an attempt has been made to estimate the Metoprolol and Ranolazine 
simultaneously. It can also be applied for routine analysis of either one or both of this content in bulk and 
formulations using RP-HPLC technique.  
 

MATERIALS AND METHODS 
Chemicals and Reagents 
Metoprolol and Ranolazine standards were obtained as gift sample from Micro Labs, Bengaluru, along 
with Certificate of Assurance (COA). HPLC grade solvents, acetonitrile and methanol were purchased 
from Merck, India. HPLC grade water is collected from Milli-Q3 water purifier system. Class A apparatus 
were used throughout the experiment. Formulations are purchased from local markets of Bengaluru for 
recovery studies and specificity determination. 
 

Preparation of Working Standard Solutions of Metoprolol and Ranolazine 
Standard Preparation  
Accurately 10 mg of Metoprolol and 10 mg of Ranolazine were weighed into a clean and dry 10 mL 
volumetric flask separately, dissolved with sufficient volume of diluent. The final volumes were made up 
to 10 mL with diluent to get the concentration of 1000 µg/mL for Metoprolol and Ranolazine, 
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respectively (Stock I). From the stock I solution, 1 mL was pipetted out into 10 mL volumetric flasks 
separately to get concentration of 100 µg/mL for Metoprolol and Ranolazine, respectively (stock  A) . 
 

Sample Preparation  
Twenty tablets that contain Metoprolol (50 mg) and Ranolazine (500 mg) were weighed and crushed to a 
fine, homogenous powder. Weigh accurately 0.0873 g of tablet triturate that contains 5 mg of Metoprolol 
and 50 mg of Ranolazine were weighed into clean and dry 10 mL volumetric flask, dissolved with 
sufficient volume of diluent. The final volume was made up to 100 mL with diluent to get the 
concentration of 500 µg/mL of Metoprolol and 5000 µg/mL for Ranolazine (stock II). From the stock II 
solution, 1 mL was pipetted out into 10mL volumetric flasks separately to get concentration of 50 µg/mL 
of Metoprolol and 500 µg/mL for Ranolazine (Stock B). 
 

Instrumentation and Chromatographic System 
HPLC System: Shimadzu, 20 AT model attached with pump, degasser, auto sampler, Ultra-violet 
detector. 
Mobile Phase:  Potassium dihydrogen ortho phosphate  buffer (0.05M) : acetonitrile  (70:30% v/v) 
Chromatographic Column: Gemini-NX 10µ, C-18 (250×4.6 mm) 
Flow Rate: 1.0 mL/min. 
Acquisition Time: 10 min. 
Detection Wavelength: 272 nm 
Injection Volume: 20 µL 
HPLC Method was evolved on trial and error basis and mobile phase potassium dihydrogen 
orthophosphate buffer (0.05M): acetonitrile (70:30% v/v) found to give a good resolution. 
  

Method Validation  
The method was validated as per ICH guidelines. The method was validated in terms of linearity, 
specificity, accuracy, precision, Limit of Detection (LOD) and Limit of Quantification (LOQ). 
 

Linearity 
In the present study, linearity was established using 5 final concentrations viz. 10, 20, 30, 40, 50 µg/mL 
which was prepared by pipetting 1.0 mL to 5.0 mL from stock II and diluted to get final concentration. 
Peak area and retention time were recorded and linearity was derived by plotting the standard calibration 
curve for Metoprolol and Ranolazine.  
 

Accuracy 
Accuracy of the method was determined by recovery experiments using the standard addition method.  
 

Recovery 
The percent recovery of added standard to the known samples was calculated using formula: 
Percentage Recovery= {(C1-C2)/ C3} ×100 
Where, C1 is the total concentration of analyte found, C2 is the concentration of analyte present in 
formulation, and C3 is the concentration of standard added to formulation. The solutions were injected in 
triplicate and percent recovery was calculated.  
 

Precision 
Precision (system precision) was determined by interday precision and intraday precision. Successive six 
injections of fixed concentration were taken for calculating intraday precision for both standard and 
sample. Similarly results were recorded after 24 hours at ambient temperature which shows the stability of 
solutions and interday precision. Relative Standard Deviation (RSD) was calculated for both six injections 
and found within 2%.  
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Repeatability (Method Precision) 
Repeatability was established by six replicate injections and measurements of peak area for Metoprolol 
and Ranolazine. Relative Standard Deviation (RSD) was calculated for six injections (six replicates) and 
found within 2%.  
 

Specificity 
The specificity of the method was evaluated by assessing whether excipients present interfered with the 
analysis. Metoprolol and Ranolazine were used mutually as internal standard in varied concentrations.      
 

Limit of Detection and Limit of Quantification 
Visualization method was used for determination of LOD and LOQ of Metoprolol and Ranolazine 
respectively. As per this method, lowest dilutions of standard drugs Metoprolol and Ranolazine were 
prepared successfully, injected to obtain chromatogram and the response was recorded. 
 

System Suitability  
This is to ensure that analytical system is working properly and gives accurate and precise results.  
 

Robustness  
It is a measure of capacity of method to remain unaffected by small but deliberate variation of the 
operating conditions. This was tested by studying the changes in the pH of mobile phase by 0.5, also by 
varying amount of buffer by 10%. 
 

Assay 
The proposed method was used to estimate the total drug content in commercially available 
pharmaceutical dosage form. The assay of drug was done in a sample tablet and compared with the 
standard drugs. Percentage drug recovery was calculated.  
  

RESULTS AND DISCUSSION 
Literature search revealed that no analytical methods have been reported for the simultaneous estimation 
of Metoprolol and Ranolazine in bulk and tablet dosage form till date. Hence, the newer, simpler, rapid 
and reliable RP-HPLC method was established for the simultaneous estimation of these two drugs either 
alone and/ or in combination in formulation. The RP-HPLC method was developed with mobile phase 
consisting of buffer (0.05 M potassium dihydrogen orthophosphate) and acetonitrile in ratio 70:30 % v/v. 
The mobile phase was delivered at a flow rate of 1.0 mL/min on Gemini-NX 10µ (250 mm X 4.6 mm) 
column as stationary phase. Analysis was performed at ambient temperature with detection at 272 nm 
gave a satisfactory chromatogram of Metoprolol and Ranolazine. 
 
The retention time for Metoprolol and Ranolazine was found to be 3.4 and 6.9 min respectively. For 
determination of linearity, peak area and retention time were recorded and linearity was derived by 
plotting the standard calibration curve for Metoprolol and Ranolazine (Fig 2). The linearity and regression 
coefficient value is 0.999 for both Metoprolol and Ranolazine and thus the response is linear for the 
concentration range of 10-50 µg/mL for both. 
 
The results of accuracy determination are given in Table 1 and those of precision and repeatability studies 
are given in Table 2. The results were within the acceptable limits, showing that the developed method 
was accurate and precise.  
 
Fig 3 shows the results are specificity study; and Table 3 shows the results of system suitability study. The 
results suggest that the developed method was suitable and specific. 
 
The LOD was determined by visualization method were found to be 0.001 and 0.1 μg/mL for 
Metoprolol and Ranolazine, respectively. The LOQ was determined by visualization method were found 
to be 1 μg/mL for both Metoprolol and Ranolazine. The results are given in Table 4. 
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Fig 2. Linearity study of metoprolol and ranolazine using the developed HPLC method 
 
 
 

Table 1. Results of accuracy of metoprolol and ranolazine using the developed HPLC method 
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Amount of 
standard 
recovered 
(µg/ml) 

Percentage 
Found 

Std. soln 
(μg/mL) 

Sample 
mix. soln 
(μg/mL) 

Std. soln 
(μg/mL) 

Sample 
mix. 
soln 
(μg/mL) 

MET RAN MET RAN 

90 4 5 75 25 50 9 75 8.85 78.55 98.33 104.7 

4 5 25 50 9 75 8.85 75 98.33 100 

4 5 25 50 9 75 8.85 78.4 98.33 104.5 

100 5 5 90 40 50 10 90 9.55 88.72 95.5 98.57 

5 5 40 50 10 90 9.63 88.76 96.3 98.63 

5 5 40 50 10 90 9.54 88.57 95.4 98.41 

200 10 5 100 50 50 15 100 14.64 105.65 97.63 105.65 

10 5 50 50 15 100 14.74 105.68 98.26 105.68 

10 5 50 50 15 100 14.44 105.20 96.32 105.2 
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Table 2. Results of precision parameters of simultaneous estimation of metoprolol and ranolazine 
 

Precision Parameters Metoprolol  % RSD* Ranolazine  % RSD* Acceptance Criteria 

System Precision 0.654 0.170 < 2.0% 

Method Precision 0.244 0.165 < 2.0% 

Intraday Precision 0.356 0.356 < 2.0% 

Interday Precision 1.06 0.44 < 2.0% 

* RSD: Relative Standard Deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Chromatogram of Metoprolol and Ranolazine  
 
 

Table 3. System suitability parameters for RP-HPLC estimation of Metoprolol and Ranolazine 
 

System Suitability Factor Metoprolol Ranolazine Acceptance Criteria 

Theoretical plates 21221 31266 >2000 

HETP (mm)* 47.136 31.720 - 

Tailing factor 1.06 1.16 < 2 

Resolution 10.7 > 2 

HETP: Height equivalent to theoretical plate  

    
 

Table 4. Results of limit of detection (LOD) and limit of quantification (LOQ) 
 

Parameter Metoprolol Ranolazine 

Peak Area* Conc. (µg/mL) Peak Area* Conc. (µg/mL) 

LOD 2195 0.001 1125 0.1 

LOQ 6806 1 8847 1 

*n=6 
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Results of robustness study are shown in Table 5 and the assay results are shown in Table 6. The results 
show that the developed method was robust and gives accurate results, as confirmed by the assay. 
 

Table 5. Results of robustness study (n = 6) 
 

Change in % Assay of Metoprolol* % Assay of Ranolazine* 

Flow rate (mL) 
0.8 
1.0 
1.2 

 
101.9 
100.2 
96.5 

 
100.2 
100.6 
91.78 

Mobile phase ratio v/v 
65:35 
70:30 
75:35 

 
101.8 
100.5 
93.26 

 
97.66 
100.1 
94.99 

 

Table 6. Results of assay 
 

Replicates Metoprolol Peak Area* Ranolazine Peak Area* 

Standard Sample Standard Sample 

Average peak area 21302 21040 344354.1 362113 

Amount of drug 
recovered (mg) 

49.38 527.5 

% Assay 98.76 105.5 

* n = 6 
 

CONCLUSION 
A simple Rapid and reliable RP-HPLC method has been established for the simultaneous estimation of 
Metoprolol and Ranolazine either alone and/ or in combination in formulation. The method has several 
advantages like rapid, simple sample preparation, no need of any special reagents, high sensitivity etc. It is 
suitable for analysis of these drugs in binary formulation in a single isocratic run. This makes the method 
suitable for routine analysis of the combination product in quality control laboratories. 
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