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ABSTRACT 

A cost-effective RP-HPLC method using a PDA detector at 210nm wavelength for simultaneous estimation of 

Metoprolol, Ramipril and Atorvastatin in pharmaceutical dosage forms has been developed. The method was 

validated as per ICH guidelines over a range of 62.5-625 µg/mL, 6.25-62.5 µg/mL
 

and 12.5-125µg/mL for 

Metoprolol, Ramipril and Atorvastatin respectively. Analytical column Xbridge C18, 4.6 x 150mm, 5µ was used at a 

temperature of 30°C ± 0.5°C. OPA Buffer and Acetonitrile composition were used as mobile phase in a gradient flow 

at a flow rate of 1.0 mL/min. Retention times of 2.4 ± 0.5, 6.1± 0.5 min and 7.8 ± 0.5 min were obtained for 

Metoprolol, Ramipril and Atorvastatin are respectively. The percentage recoveries of Metoprolol, Ramipril and 

Atorvastatin, are 100.82%, 100.05% and 100.7% respectively.  
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INTRODUCTION 
Metoprolol [Fig.1A] (RS) -1-(Isopropylamino)-3-[4-(2-methoxyethyl) phenoxy] propan-2-ol 

1
.It is used to 

treat angina (chest pain), hypertension (high blood pressure) and to prevent heart attack. 

 Ramipril [Fig. 1B]
,
 (2S, 3aS, 6aS)-1-[(2S)-2-{[(2S)-1-ethoxy-1-oxo-4-phenylbutan-2-l] amino} 

propanoyl]-octahydrocyclopenta[b]pyrrole-2-carboxylic acid belongs to a group of ACE inhibitors used 

to treat hypertension. It works by relaxing blood vessels, causing them to widen thereby lowering high 

blood pressure helps prevent heart attack
 2-4

.  

Atorvastatin [Fig.1C]
 5

, (3R,5R)-7-[2-(4-fluorophenyl)-3-phenyl-4phenylcarbamoyl)-5-propan-2-ylpyrrol-

1-yl]-3,5-dihydroxyheptanoic acid is a synthetic HMG-CoA reductase inhibitor that lowers plasma 

cholesterol levels 
6
.                                   

In the literature, few methods were reported for the determination these drugs either individually or in 

combination in pharmaceutical dosage forms. These methods include: spectrophotometric methods 
7-16

, 

HPLC methods 
17-23

, LC/MS/MS methods 
24-26

 were reported. Only stability indicating methods 
27-28 

with 

the combination of these drugs is available, and no official method for the simultaneous estimation of 

Metoprolol, Ramipril and Atorvastatin is available. In the view of the importance, the author developed 

and validated a cost effective RP-HPLC assay method for Metoprolol, Ramipril and Atorvastatin in fixed 

dosage formulation as per ICH and other relevant guidelines. 
29-33 

 

EXPERIMENTAL 
Reagents and Chemicals 
Working standards of Metoprolol (MPL), Ramipril (RPL) and Atorvastatin (ATN) were obtained from 

Spectrum Pharma Research Solutions, Hyderabad as gift samples. HPLC grade Water, Methanol and 

Acetonitrile were procured from Merck chemical division, Mumbai and tablets of METPURE-AR5 

containing Atorvastatin 10mg, Metoprolol 25 mg, Ramipril 5 mg were obtained from the pharmacy. 
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Instrumentation and Chromatography Conditions 
2996 series of Waters Photodiode array detector attached to 2995 series of Waters HPLC, which is having 

Hamilton syringe and auto sampler opted for chromatography. A degasser to remove the dissolved air and 

column oven to maintain the desired temperature is also available in the system. OPA buffer: Acetonitrile 

as mobile phase, at a flow rate of 1.0 mL/min in gradient flow (Table-1), and Xbridge, C18, 4.6 x150mm, 

5µ as a stationary phase with an injection volume of 10 µL were fixed as chromatography conditions. 

Detector wavelength was set at 210 nm. 

                                        
Fig.-1A:  Structure of Metoprolol                                   Fig.-1B: Structure of Ramipril 

 

 

 
Fig.-1C: Structure of Atorvastatin 

 

Table 1: Gradient Program of mobile phase 

 

Elution  Time Flow %A %C 

 0.01 1 75 25 

  2.5 1 75 25 

  6 1 25 75 

Gradient  7.1 1 75 25 

  11 1 75 25 

 

Working Standard Stock Solution Preparation   
250 mg of Metoprolol, 25 mg of Ramipril and 50 mg of Atorvastatin of working standard were accurately 

weighed, and these samples were transferred to a 100ml volumetric flask, containing diluent. The mixture 

was sonicated for 5 minutes to aid dissolution and finally made up to the volume with the same diluent.  

 

Preparation of Calibration Curve Standards 
Aliquot of 0.25mL, 0.5mL, 1.0mL, 1.25mL and 1.5mL and 2.5mL were pipette  out  from  stock-A into  10 

ml volumetric flask separately and volume was made up to 10mL with  diluent.  This gives the solutions of 

62.5, 125.0, 250.0, 312.5, 375.0 and           625.0 µg/mL respectively for Metoprolol, 6.25, 12.5, 25.0, 31.25, 

37.5 and 62.5 µg/mL respectively for Ramipril and 12.5, 25.0, 50.0, 62.5, 75.0 and 125 µg/mL respectively 

for Atorvastatin.  
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Tablet Solution Preparation 
Twenty tablets of METPURE-AR5 containing 10 mg of Atorvastatin 25 mg of Metoprolol and 5 mg of 

Ramipril were weighed and ground into fine powder. Powder equivalent to the weight of five tablets was 

accurately weighed and transferred to a 100ml volumetric flask containing a few mL of diluent. After 

thorough mixing and sonication, this solution is filtered using 0.45 micron filter paper 2.0 ml of this 

solution was transferred  to 10 ml volumetric flask and the solution was made up to the volume with diluent. 

 

RESULTS AND DISCUSSION 

Method Development 

After the selection of the drug combination, both the drugs were dissolved in suitable diluent to get a clear 

solution. The mobile phase was optimized by modifying different combinations of buffers and organic 

solvents. The pka value of both the drugs was also considered for optimization of pH of the buffer. 210 

nm is identified as the isoabsorptive point for all the three drugs and hence it is used as detection 

wavelength in the present assay.   

The resolution and the peak shape of both the drugs found significant with the mobile phase composition 

of Orthophosphoric acid buffer and Acetonitrile at a flow rate of 1.0 ml/min were used, excellent 

elution of the three drugs with low retention and run times was observed. Different columns like 

Xterra, Inertsil, Inspire columns were tried and finally X-bridge C18, 4.6 x150mm, 5µ column with a 

flow rate of 1.0 ml/min. Mobile Phase of OPA buffer and acetonitrile in the ratio of 30:70 v/v, column 

temperature at 30°C had resulted in excellent elution of the three drugs with low retention and run times. 

The retention of for Metoprolol, Ramipril and Atorvastatin were found to be 2.4 ± 0.5, 6.1 ± 0.5 min and 7.8 

± 0.5 min, respectively. A typical chromatogram was shown below in figure-2. 

 

 
Fig.-2: Typical Chromatogram of MPL, RPL and ATN 

METHOD VALIDATION 

System Suitability 
System suitability test was performed by injecting six replicate injections 100% target solution of 

Metoprolol (MPL), Ramipril (RPL) and Atorvastatin (ATN). The parameters such as the number of 

theoretical plates, area and peak tailing were determined and were observed that all the parameters were 

within the limits. Results were shown in Table-2. 

 
Table-2: System suitability of MPL, RPL and ATN 

 

 
 

 

Specificity 
Specificity experiment was performed by injecting samples of the mobile phase, placebo, sample solution, 

unspiked and spiked sample. The results showed no interference at the retention time of Metoprolol, 

PARAMETERS MPL RPL ATN 

Tailing Factor 1.58 1.21 0.95 

No of theoretical plates 2492 24368 91113 
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Ramipril and Atorvastatin.The representative chromatogram of Placebo is shown in Figure-3.  

 

 
Fig.-3: Specificity chromatogram 

Linearity 

Standard solutions of Metoprolol (62.5-625.0µg/mL), Ramipril (6.25-62.5µg/mL) and Atorvastatin 

(12.5µg/mL-125µg/mL) respectively were prepared and injected under the chromatographic 

conditions described above. Calibration curves were drawn the concentration of drug versus 

corresponding peak areas obtained at 210nm. The results showed a significant correlation between 

detector response and concentration level of each drug within the concentration range. All the three 

drugs showed a linear response as shown in Figure (4-6). The equation Y= (mx+c) was used to 

represent the linearity as follows- 

     Y (MPL) =5636.x +29570, Y (RPL) = 29436.x+20510 and Y (ATN) = 44950.x +35874  

 

 
Fig.-3: Calibration Curve for Metoprolol 

 

 
Fig.-4: Calibration Curve for Ramipril 
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Fig.-5: Calibration Curve for Atorvastatin 

 

Accuracy 
Known amounts of   reference solution for all the three drugs   Metoprolol, Ramipril and Atorvastatin equivalent 

to 50%, 100% and 150% of the label claim were added to the tablet solutions of Metoprolol, Ramipril and 

Atorvastatin. These results are summarized in Table- 3. The percent mean recovery for Metoprolol, Ramipril 

and Atorvastatin are 100.82, 100.05 and 100.70 respectively, indicating that the method was accurate.  

 
Table-3: Recovery Experiments of MPL, RPL and ATN 

 

Amount Spiked Standard Amount added % Recovered 

MPL RPL ATN MPL RPL ATN MPL RPL ATN 

125 12.5 25 250 25 50 102.29 99.30 101.31 

125 12.5 25 250 25 50 102.19 99.61 101.74 

125 12.5 25 250 25 50 102.28 100.91 98.50 

250 25 50 250 25 50 99.89 99.88 99.87 

250 25 50 250 25 50 100.43 101.12 100.37 

250 25 50 250 25 50 100.21 98.43 101.33 

375 37.5 75 250 25 50 99.87 100.44 101.01 

375 37.5 75 250 25 50 99.99 100.74 100.89 

375 37.5 75 250 25 50 100.25 100.02 101.31 

AVG 100.82 100.05 100.70 

SD 1.09 0.86 1.00 

 

%RSD 1.08 0.86 0.99 

 

Repeatability 
The precision of the developed method was assessed for intraday (Precision) and interday (by varying the 

analyst and HPLC column called as intermediate precision). The obtained % RSD for Metoprolol, Ramipril 

and Atorvastatin were 0.73, 1.57 and 1.19 for Intraday and 0.79, 1.47 and 1.21 respectively.  

 

Robustness 
Robustness is performed by making slight variations in the Flow rate, column temperature and 

concentration of the mobile phase. The changes and the results were tabulated in Table 4.  No significant 

effect was observed with the above changes indicating the robustness of the method.  

 

Stability of Sample Solution 
The stability studies were carried out in mobile phase after 24hrs at ambient temperature using the 

mentioned chromatographic conditions. From these studies, it was revealed that Metoprolol, 

Ramipril and Atorvastatin were stable in mobile phase for at least for 24hrs indicating the reliability 

of analysis in the proposed procedure. Results are shown in Table-5. 
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Table-4: Robustness table of Metoprolol, Ramipril and Atorvastatin 

 

Retention time Tailing factor % assay Changed 

value 
MPL RPL ATN MPL RPL ATN MPL RPL ATN 

25 2.314 6.054 7.475 1.27 0.93 0.92 101.8 101.5 101 

 

 

Column 

Temperature 
35 2.415 6.115 7.870 1.37 0.83 0.72 100.7 100.9 101.3 

0.9 2.116 6.044 7.435 1.51 1.13 0.96 98.5 99 98.9 Flow Rate 

(mL) 
1.1 2.006 5.945 7.335 1.51 1.13 0.96 100.1 99.2 99.2 

-5 2.125 5.995 7.415 1.51 1.13 0.96 98.8 99 99.4 Mobile- 

Phase 
+5 2.015 5.884 7.315 1.12 1.88 0.97 101.2 101.9 101.6 

100.18 100.25 100.20 

1.32 1.34 1.19 

Average 

Std Dev 

%RSD 1.31 1.33 1.19 

 
Table-5: Stability data of MPL, RPL and ATN 

 % Assay 

Drug 0 hr 24hr 

MPL 98.79 100.70 

RPL 98.65 100.02 

ATN 98.57 99.64 

 

LOD and LOQ 

In the present chapter LOD and LOQ of MPL, RPL and ATN were determined by linearity curve method.  

LOD and LOQ were calculated by using the equations.     LOD = 3.3 σ/S and LOQ= 10 σ/S, where “σ “is 

the standard deviation of the response, and “S” is the slope of the linearity curve.  

The LOD values were 2.29µg/mL, 0.05µg/mL and 1.08µL for MPL, RPL and ATN respectively. The 

LOQ values were 6.95µg/ml, 0.15µg/mL, and 3.26µg/ml for MPL, RPL and ATN respectively.  

 

Analysis of Formulations 
The proposed method was applied for the estimation of Metoprolol, Ramipril and Atorvastatin in 

tablet dosage form and the results are reported in Table 6. The high recovery with low RSD value 

confirmed the appropriateness of the proposed method. 

 
Table-6: HPLC data for Analysis of Tablets 

DRUG MPL RPL ATN 

%Assay 98.79 98.65 98.57 

%RSD 0.78 0.91 0.37 

*Mean of six (n=6) determinations 

CONCLUSION 
A new RP-HPLC method was developed and validated for simultaneous estimation of Metoprolol, 

Ramipril and Atorvastatin in tablet dosage form. The calibration curve was found to be linear over a 

concentration range of 62.5-625 µg/mL, 6.25-62.5 µg/mL and 12.5-125µg/mL for Metoprolol, Ramipril 

and Atorvastatin respectively. A linear equation was established to provide the best fit for the concentration 

vs. detector response. The goodness of fit was consistently found to be 0.99 during the validation. No 

interference or overlapping of the peaks either due to excipients or diluents was observed during the 

Selectivity experiment at the retention time of Metoprolol, Ramipril and Atorvastatin. The obtained % 

RSD value of < 2 confirms that proposed method is effectively precise. Further, the separation of the 

analytes was completed in 11 minutes only, making the proposed RP-HPLC method conveniently 

adopted for the routine quality control analysis of other combination formulations containing these drugs. 
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