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ABSTRACT 

Asimple, selective, linear, precise and accurate RP-HPLC method was developed and validated for rapid assay of Carvedilol in Bulk and 

Pharmaceutical tablet Formulation. Isocratic elution at a flow rate of 1.0ml/min was employed on symmetry C18 (250 mm x 4.6 mm, 5μm) Column 

at ambient temperature. The mobile phase consisted of Methanol: Acetonitrile: 1% OPA in the ratio of 80:18:2 v/v/v. The UV detection wavelength 

was 240nm and 20µl sample was injected. The retention time for Carvedilol was 2.1 min. The percentage RSD for precision and accuracy of the 

method was found to be 0.179%.The method was validated as per the ICH guidelines. The method was successfully applied for routine quality 

control analysis of pharmaceutical formulation. 
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INTRODUCTION 

Carvedilol is a third-generation nonselective chemical drug for 

controlling different problems of heart having chemical formula 

(±)-[3-(9H-carbazol-4-yloxy)-2-hydroxypropyl][2-(2- 

methoxyphenoxy) ethyl] amine (Fig-1). It has been identified as 

most effective and non-selective α1 and β-adrenoreceptor (β1, β2) 

antagonist in the treatment of systolic heart failure, possesses 

both reactive oxygen species (ROS) scavenging and ROS 

suppressive effects. It showed protective effects against 

daunorubicin- (DNR-) induced cardiac toxicity by reducing 

oxidative stress and apoptosis1,2. Its antioxidant effects are 

attributed to its carbazole moiety. Carvedilol is taken twice daily 

because it is extensively metabolized and therefore loses its 

effectiveness due to a short half-life3. Norepinephrine stimulates 

the nerves that control the muscles of the heart by binding to the 

α1, β1- and β2-adrenergic receptors. Carvedilol blocks the binding 

to those receptors2,4,, which slows the heart rhythm and reduces 

the force of the heart's pumping. This lowers blood pressure and 

reduces heart failure. Relative to other beta blockers, Carvedilol 

has minimal inverse agonist activity5. Therefore, its concentration 

plays a decisive role in controlling the heart failure. Variation in its 

concentration should be measured for proper prescription of this 

medicine both in patients’ blood and drug formulations.  

Several analytical methods have been reported for the 

determination of Carvedilol in pure drug, pharmaceutical dosage 

forms and in biological samples using spectrophotometer liquid 

chromatography, electro kinetic chromatography high performance 

thin layer chromatography6. Pattana et al., (2010)7 has developed 

that Chromatographic separation was achieved on a Alltima C18 

(250 mm 4.6 mm) column using a mobile phase containing 0.01 M 

Na2HPO4 in water and acetonitrile (30:70 v/v) adjusted to pH 3.0 by 

ortho phosphoric acid at a flow rate of 1.0 ml/min and employing 

fluorescence detection with 300- nm excitation and 343-nm 

emission wavelengths. Patel et al., (2006)8 emphasized that the high 

performance liquid chromatography method, Lichrospher 100 C-18, 

5µm column consisting of 200×4.6 mm i.d., in isocratic mode, with 

mobile phase containing 50mM KH2PO4 buffer (pH 3.0±0.1): 

acetonitrile: methanol (60:50:10 v/v/v) was used. The flow rate 

was 1.0 ml/min and effluent was monitored at 242 nm. The 

retention time was 4.56±0.03 min. The mobile phase consisting of 

ethylacetate: toluene: methanol (1:4:3.5 v/v/v). The detection of 

spot was carried out at 242 nm. The limit of detection and limit of 

quantification for high performance liquid chromatography were 

found to be 0.2 and 0.85 µg/ml, respectively, and for high 

performance thin layer chromatography, 10 and 35ng/spot, 

respectively. Eric et al., (2004)9 developed that S-Carvedilol and R-

Carvedilol are extracted from human plasma by protein 

precipitation using acetonitrile containing racemic [2H5]-

Carvedilol as an internal standard. The maximum within-run 

precision observed in a three run quality control was 8.2% for S-

Carvedilol and 6.7% for R-Carvedilol, respectively. The maximum 

percentage bias observed at all quality control sample 

concentrations was 9.4% for S-Carvedilol and 11.6% for R-

Carvedilol, respectively.  

Galanopoulou et al., (2008)10 emphasized that the separation was 

achieved with an X-terra C18 column, using acetonitrile–phosphate 

buffer pH 2.5 as mobile phase. The unknown peak of degradation 

product was attributed to a new compound generated from the 

interaction of CV molecule and polyvinyl pyrrolidone (PVP) in the 

presence of water molecules. Peccinini et al., (2008)11 developed 

that the quantitation limit was 0.25 ng/ml for S(-)-Carvedilol in 

plasma and 0.5 ng/ml for R(+)-Carvedilol in plasma and for both 

enantiomers in urine. The data obtained demonstrated highest 

plasma levels for the R (+)-Carvedilol (AUC(SS) (0-12) 75.64 vs 

37.29 ng/ml). The enantiomeric ratio R (+)/ S(-) was 2.03 for 

plasma and 1.49 for urine (Ae(0-12) 17.4 vs 11.7 microg). Ptacek et 

al., (2003)12 has described that the method is based on protein 

precipitation with methanol, concentration of the supernatant by 

evaporation and reversed-phase chromatography with fluorimetric 

detection. Only 250 μl of plasma used for sample preparation, the 

limit of quantization 1.3ng/ml was achieved. Saito et al., (2006)13 

has described the mobile phase was hexane: isopropanol: 

diethylamine (78:22:1, v/v). The excitation and emission 

wavelengths were set at 284 and 343 nm, respectively. The limits of 

quantification for the S(−)- and R(+)-Carvedilol enantiomers in 

plasma and blood were both 0.5 ng/ml. Intra- and inter-day 

variations were less than 5.9%. Soo-Hwan et al., (2010)14 described 

that Chromatography was performed on a reversed-phase (C18) 

column with isocratic mobile phase for 2 min. The calibration curve 

was linear over the range of 2 to100 ng/ml (R2 > 0.9998) and the 

lower limit of quantitation (LLOQ) was 2 ng/ml. The 90% confidence 

interval for the ratio of the above mentioned two parameters were 

within the bioequivalence limit of 0.80-1.25.  

Gannu et al., (2007)15 developed that the mobile phase was made of 

acetonitrile, 15 mM orthophosphoric acid (37: 63), and 0.25% v/v of 

triethylamine, with a flow rate of 1 mL/min. Serum samples 

containing the Carvedilol and internal standard, amitriptyline were 

eluted through a C8, Chromasil KR 100 5C8 column. The intraday 

and inter day coefficient of variation and percent error values of the 

assay method were less than 5%. Keeping several advantages of 

quantification of Carvedilol in biological and drug formulations we 

have developed a sensitive, accurate, simple and versatile method. 
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MATERIALS AND METHODS 

Chemicals and reagents 

The reference sample of Carvedilol (API) was obtained from 

Ranbaxy, Mumbai. The Formulation CASLOT (Carvedilol) was 

purchased from the local market. Methanol, Acetonitrile used were 

of HPLC grade and purchased from Merck Specialties Private 

Limited, Mumbai, India and orthophosphoric acid is AR Grade 

purchased from Local market. 

Instruments 

Peak HPLC containing LC 20AT pump and variable wavelength 

programmable UV-Visible detector and Rheodyne injector was 

employed for investigation. The chromatographic analysis was 

performed on a Chromosil C18 column (250 mm×4.6 mm, 5µm). 

Degassing of the mobile phase was done using a Loba ultrasonic 

bath sonicator. A Denwar Analytical balance was used for weighing 

the materials. 

Preparation of Standard Solution 

For analysis 100 ppm standard solution was prepared, required 

concentrations were obtained from 100 ppm solution by 

appropriate dilution. 

Preparation of sample solution 

The tablets of Carvedilol (CASLOT – 12.5 mg) were crushed to give 

finely powdered material. From the Powder prepared a 50 ppm 

solution with mobile phase and then filtered through Ultipor N66 

Nylon 6, 6 membrane sample filter paper. 

Chromatographic Conditions:  

Experiment was run with Methanol: Acetonitrile: 1% OPA 80:18:2 v/v/v 

mobile phase at pH 6.2 using Chromosil C18 analytical column (250 mm 

× 4.6 mm, 5µm). 20 μl of sample is injected at ambient temperature for 6 

min runtime with a flow rate of 1.0ml/min and effluents were identified 

at 240nm. The sample retention time is 2.1Min.  

Method Development 

For developing the method, a systematic study of the effect of 

various factors was undertaken by varying one parameter at a time 

and keeping all other conditions constant16-22. 

Wavelength Detection 

The spectrum of 10ppm solution of the Carvedilol in methanol was 

recorded separately on UV spectrophotometer. The peak of 

maximum absorbance wavelength was observed. The spectra of 

Carvedilol were showed maximum absorbance at 240nm. 

Validation of the proposed method 

The proposed method was validated as per ICH guidelines24-31. 

Linearity 

Linearity was performed by preparing mixed standard solutions of 

Carvedilol at different concentration levels including working 

concentration mentioned in experimental condition i.e. 50ppm. 

Twenty micro liters of each concentration was injected in duplicate 

into the HPLC system. The response was read at 240nm and the 

corresponding chromatograms were recorded. The regressions of 

the plots were computed by least square regression method. 

Linearity results were presented in Table-2 and Fig-3. 

Precision 

To study the intraday precision, six replicate standard solutions 

(70ppm) of Carvedilol were injected. The percent relative standard 

deviation (% RSD) was found to be 0.179.To study the interday 

precision, six replicate standard solutions (70ppm) of Carvedilol 

was injected on third day of sample preparation. The percent 

relative standard deviation (% RSD) was found to be 0.177, which 

are well within the acceptable criteria of not more than 2.0. Results 

of system precision studies are shown in Table-3 &4. 

Specificity 

The specificity of method was performed by comparing the 

chromatograms of blank, standard and sample (Prepared from 

Formulation). It was found that there is no interference due to 

recipients in the tablet formulation and also found good correlation 

between the retention times of standard and sample. The specificity 

results are shown in Table-1.  

Accuracy 

A known amount of standard drug was added to the fixed amount of 

pre-analyzed tablet solution. Percent recovery was calculated by 

comparing the area before and after the addition of the standard 

drug. The standard addition method was performed at 50%, 100% 

and 150% level of40ppm. The solutions were analyzed in triplicate 

at each level as per the proposed method. The percent recovery and 

% RSD was calculated and results are presented in Table-5. 

Satisfactory recoveries ranging from 99.0 to 102.0 were obtained by 

the proposed method. This indicates that the proposed method was 

accurate. 

Robustness 

The robustness study was performed by slight modification in flow 

rate of Mobile phase, pH of the buffer and composition of the mobile 

phase. Carvedilol at 60ppm concentration was analyzed under these 

changed experimental conditions. It was observed that there were 

no marked changes in chromatograms, which demonstrated that the 

developed method was robust in nature. The results of robustness 

study are shown in Table-6. 

System suitability 

System suitability was studied under each validation parameters by 

injecting six replicates of the standard solution 70ppm). The results 

obtained were within acceptable limits (Tailing factor ≤2 and 

Theoretical plate’s ≥2000) and are represented in Table-7. Thus, the 

system meets suitable criteria. 

Limit of detection and Limit of quantification 

Limit of detection (LOD) is defined as the lowest concentration of 

analyte that gives a detectable response. Limit of quantification 

(LOQ) is defined as the lowest Concentration that can be quantified 

reliably with a specified level of accuracy and Precision. For this 

sample was dissolved by using Mobile Phase and injected until peak 

was disappeared. After 0.3ppm dilution, Peak was not clearly 

observed. So it confirms that 0.3ppm is limit of Detection and 

0.99ppm dilution is Limit of Quantification. For this study six 

replicates of the analyte at lowest concentration were Measured and 

quantified. The LOD and LOQ of Carvedilol are given in Table-8. 

Formulation 

For assay Carvedilol (CASLOT – 12.5 mg) 20 tablets were weigh and 

calculate the average weight. Accurately weigh and transfer the 

sample equivalent to 10mg of Carvedilol in to a 10ml volumetric 

flask. Add diluent and sonicate to dissolve it completely and make 

volume up to the mark with diluents. Mix well and filter through 

0.45um filter. Further pipette 1ml of the above stock solution into a 

10ml volumetric flask and dilute up to mark with diluents and finally 

50 ppm were prepared. Mix well and filter through 0.45um filter. An 

aliquot of this solution was injected into HPLC system. Peak area of 

Carvedilol was measured for the determination. 

RESULT AND DISCUSSION 

The system suitability method acceptance criteria set in each 

validation run were: capacity factor >2.0, tailing factor =2.0 and 

theoretical plates >2000. In all cases, the relative standard deviation 

(R.S.D) for the analyte peak area for two consecutive injections was 

< 2.0%. A chromatogram obtained from reference substance 

solution is presented in Fig-2. The results of optimization studies 

showed that the mixture of Methanol, Acetonitrile in 80:15 

proportions and C18 column give satisfactory results. The pH of 

mobile phase was adjusted to 4.5 with o-phosphoric acid.  
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The calibration curve for Carvedilol was obtained by plotting the 

peak area of Area versus concentration of Carvedilol over the range 

of 50-100ppm, and it was found to be linear with r = 0.999. The 

intraday and inter day precision study of Carvedilol was carried out 

by estimating the corresponding responses 3 times on the same day 

and on 3 different days(freshly prepared) for 3 different 

concentrations of Carvedilol (60, 80, 100ppm). The standard 

deviation (Intraday-0.179, Interday-0.177), and coefficient of 

variation was calculated and they are within the acceptance limit. 

Accuracy of the method was evaluated by the determination of 

recovery of Carvedilol in duplicated at three levels such as 50 %, 100 

% and 150 % of the method concentration. Results of recovery 

studies are shown range 99.00-101.45%. The mean recovery data 

obtained for each level as well as for all levels combined (Table-5) 

were within 2.0% of the label claim for the active substance with an 

R.S.D. < 2.0%, which satisfied the acceptance criteria set for the 

study. Percentage of recovery (8.6%) from the sample shows that 

the method is free from any interference because of recipients.The 

result obtain by proposed method were in good agreement with the 

label claim. Theadditives and recipients present in the tablet did not 

interference. The value of standard deviation and percentage of RSD 

values were satisfactorily low that indicate accuracy and 

reproducibility of this method. No interfering peaks were observed 

at the elution times of Carvedilol. The method is accurate, 

reproducible and specific. The retention time and in-turn run time 

was very short, hence required less mobile phase for the method, 

making it more economical and rapid.  

 

 

Fig. 1: Structure of Carvedilol 

 

 

Fig. 2: A typical chromatogram of Carvedilol pure drug 

 

 

Fig. 3: Linearity Graph of Carvedilol 

On X axis concentration of sample, On Y axis peak area response 
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Table 1: Specificity study of Carvedilol 

Name of the solution Retention Time in Min 

Blank No peaks 

Carvedilol(Standard) 2.1 

Carvedilol (Sample) 2.2 

 

Table 2: Linearity study on Carvedilol 

Level Concentration of Carvedilol (ppm) Mean peak area 

Level -1 50 108653.6 

Level -2 60 131546.1 

Level -3 70 152872.5 

Level -4 80 172604.7 

Level -5 90 192851.6 

Level-6 100 211735.2 

 

Range: 50-100ppm 

Slope 

Intercept 

Correlation coefficient 

3871.014 

1741.95 

0.999 

 

Table 3: Interday Precession of Carvedilol 

Sample Concentration (ppm) Injection No. Peaks area R.S.D. (Acceptance criteria≤2.0%) 

1 152872.5 

2 152247 

3 152209 

4 152247 

5 152180 

 

Carvedilol 

 

70 

6 152157 

 

0.179 

 

 

Table 4: Intraday Precession of Carvedilol 

Sample Concentration (ppm) Injection Peaks area R.S.D (Acceptance criteria ≤ 2.0%) 

1 152805.2 

2 152923.1 

3 152872.9 

4 152608 

5 152180 

 

Carvedilol 

 

70 

6 152675.6 

 

0.177 

 

Table 5: Percentage of R.S.D of Carvedilol 

Level Amount of Carvedilol spiked (ppm) Amount of Carvedilol 

recovered(ppm) 

% Recovery 

 

%RSD 

60 59.8 99.66 

60 59.9 99.83 

 

50 % 

60 59.6 99.33 

 

0.255 

80 79.7 99.62 

80 80.1 100.1 

 

100% 

80 79.6 99.5 

 

0.317 

100 99.8 99.8 

100 99.7 99.7 

 

150% 

100 100.05 100.05 

 

0.180 

   Mean % of recovery = 99.73 Mean RSD = 

0.250 

 

Table 6: Results of Robustness of Carvedilol 

Conditions Mean area % Assay % Difference 

Unaltered 131546.1 100.0 0.0 

Flow rate at 0.8 mL/min 

Flow rate at 1.2mL/min 

 130856.3 

131205.9 

99.47 

99.74 

0.53 

0.26 

Mobile phase 

MEOH: Water 

75% 25% 

85% 15% 

 

131252.6 

130992.8 

 

99.77 

99.57 

 

0.33 

0.43 

pH of mobile phase at 7.3 131850.6 100.2 0.2 

pH of mobile phase at 7.7 132057.6 100.3 0.3 
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Table 7: System Suitability parameters of Carvedilol 

Parameter Tailing factor Theoretical plates 

Specificity study 1.47 4911.49 

Linearity study 1.19 3050.96 

Precision study 1.21 3057.57 

 

Table 8: LOD and LOQ of Carvedilol 

Parameter Measured volume 

Limit of Quantification 0.99ppm 

Limit of Detection 0.3ppm 

 

CONCLUSION 

The Proposed method is suitable technique for the reliable analysis 

of commercial formulation containing of Carvedilol. This method can 

be used for routine quality control analysis of pharmaceutical 

formulations. 
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