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Abstract: In this study, a new spectrophotometric method was developed for the quantitative analysis of Carvedilol and the 

method was validated. The method depends on the reaction between the carvedilol and 1,2,5,8-tetrahydroxyanthraquinone in 

methanol to yield colored charge transfer complex giving maximum absorbance at 560 nm. For optimization of the proposed 

method, several parameters were investigated such as solvent type, reaction time, and quinalizarin concentration. The 

stoichiometry of colored charge transfer complex was found to be 2:1(reagent: drug) by Job’s method. Beer’s Law is obeyed in 

the concentration range of 0.5-60 µg/mL with 0.9986 correlation efficient. Limit of detection (LOD) and limit of quantifiqation 

(LOQ) were found 0.147 µg/mL, 0.491 µg/mL, respectively. The proposed method can be successfully applied pharmaceutical 

formulation. 
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1. Introduction 
Beta-blockers, which reduce the activity of sympathetic 

nerves by blocking beta-adrenergic receptors, are in the 

cardiovascular drug class (Mutlu, 2010; Vale et al., 2019). 

β-blockers are divided into three groups as first 

generation non-selective group, second generation β1-

selective group, third generation β1-high selective and 

vasodilator group (Mutlu, 2010). 

Carvedilol (CRV), [(6)-1-(carbazole-4-yloxy)-3-((2-(o-

methoxyphenoxy)ethyl)amino)-2-propanol], is a third-

generation β-blocker agent having nonselective β1-

adrenoreceptor blockade, vasodilation, antioxidant 

properties (Streim et al., 1987; Brian and William, 2004). 

CRV is a white powder, whose solubility is very good in 

dimethylsulfoxide; soluble in methylene chloride and 

methanol; slightly soluble in ethanol and isopropanol; 

insoluble in water. Its melting point is in the range of 

114-115 °C (Moffat et al., 2004). 

Several methods have been developed for analysis of 

carvedilo in the literature, such as chromatographic 

(Junwei et al., 2015), spectrophotometric (Verma and 

Syed, 2007, Rani et al., 2013), electroanalytic 

(Soleymanpour and Ghasemian, 2015) detections. 

Spectrophotometric methods are, espically UV-Visible 

spectrophotometry, often preferred techniques due to its 

low cost and simplicity in the determination analysis of 

pharmaceutical preparations (Ragaa et al., 2013; 

Kirtimaya et al., 2016). Charge transfer reactions have 

been commonly studied by UV-Visible spectrophotometic 

methods. The charge transfer complexes are formed by 

the molecular interaction of electron donors and 

acceptors. These colored complexes should absorb at a 

different wavelength from the donor and acceptor 

moleculars at the UV-visible region (Ragaaa et al. 2013). 

In this study, a new, simple, rapid, validated 

spectrophotometric method that does not interfere with 

the excipients has been developed for the determination 

of carvedilol (CRV) in pharmaceutical formulation. Direct 

analyzes of Carvedilol with UV-vis spectrophotometer 

cannot be performed because excipients interfere with 

pharmaceutical formulations. In this method, direct 

analysis was performed by extracting carvedilol from 

pharmaceutical tablet without applying any purification 

process. The method depends on the reaction between 

the CRV (π-acceptor group) and 1,2,5,8-

tetrahydroxyanthraquinone (π-donor group) in the 

methanol to yield colored charge transfer complex that is 

measured at 560 nm. This colored complex made 

possible the quantitative determination of CRV, 

spectrophotometrically. 

 

2. Materials and Methods 
2.1. Aparatus and Reagents 

The UV-VIS spectral measurements were made by using 

T80+ UV/VIS Spectrometer (PG Instruments Ltd), Varian 

Cary 100 Bio UV/VIS double beam UV–VIS 

spectrophotometers equipped with 1 cm matched quartz 

cells. All solvents (methanol, ethanol, 1-propanol, 2-
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propanol, chloroform, N,N-dimethylformamide (DMF), 

acetone and acetonitrile) used in this work were of HPLC 

grade and Merck branded. CRV, which is certified to be 

99.5% pure, was obtained from Bilim Drug Company, 

Istanbul, Türkiye. Coronis tablet (Bilim Drug Company) 

labeled to contain 25 mg CRV per tablet used in the 

proposed method on was received from in the local 

pharmacy. Quinalizarin, (1,2,5,8-tetrahydroxy-

anthraquinone), was purchased from Sigma Aldrich 

company. Sucrose, Povidone K25, Magnesium stearate, 

Lactose monohydrate were purchased from Glentham 

Life Sciences Company. 

The stock solutions 500 µg/mL of CRV and 3.10-3 mol/L 

of Quin were prepared with methanol in 50 mL flasks, 

daily. 

2.2. Construction of Calibration Curves 

The aliquots in the range of 0.01-1.2 mL CRV (500 

µg/mL) solution were transferred to volumetric flasks (at 

27 °C) to obtain concentrations in the range 0.5-60 

µg/mL of CRV. Following this, 1.25 mL of 3.0 mmol/L 

Quin solution was added to these solutions and 

completed to 10 mL with methanol. These final mixtures 

were thorougly mixed. Three replications were made for 

each solution.The absorbance of the prepared solutions 

was measured at 560 nm against Quin blanks. Finally, the 

measured absorbances versus the concentration of CRV 

were plotted. 

2.3. Assay Procedure for Tablets 

The average weight of a tablet containing 25 mg of CRV 

was calculated by weighing ten randomly tablets. The 

weighed ten tablets, then, were finely powdered in a dry 

and clean agate mortar. Afterwards, an accurately 

weighed quantity of the powder equivalent to 25 mg of 

CRV were transferred into the volumetric flask and 

dissolved in 25 mL methanol. The final mixture was both 

shaken and sonicated for 30 min, and then filtered by 

using quantitative filter paper. The volume of filtered 

solution was completed to the mark with methanol to 

prepare a stock solution of 250 µg/mL. Then, some 

working concentrations were prepared from the filtered 

solution. The proposed method was applied to the 

prepared solutions. The amount of CRV in the tablet was 

calculated according to the calibration curve. 

 

3. Results and Discussion 
3.1. The Effect of the Solvent Type 

In the method based on the formation of colored charge 

transfer complex, the optimum solvent is to facilitate the 

charge transfer (Gouda and Kassem, 2012; Mohammed et 

al., 2018). Therefore the effects of solvents such as 

Methanol, DMF, Ethanol, Acetonitrile, Chloroform, 1-

propanol, 2 -propanol and Acetone, on the charge 

transfer reaction were investigated. 

As seen in Table 1, Methanol, which gave the highest 

absorbance of the complex, was accepted as the optimum 

solvent. The charge transfer reaction is thought to 

proceed through the radical anion. It is thought that the 

capacity of methanol to form stable hydrogen bonds with 

the radical anion is higher than that of acetonitrile 

(Gouda and Kassem, 2012). While Quin gives maximum 

absorbance at 491 nm in methanol, CRV-Quin complex 

gives maximum absorbance at 560 nm. The fact that Quin 

and CRV-Quin charge transfer complex absorb at 

different wavelengths in the UV-visible region showed 

that CRV can be determined easily and precisely with 

Quin (Gouda and Kassem, 2012). 

 

Table 1. The effect of solvents type 

Solvents Absorbance ±SD 

Methanol 0.501 0.014 

DMF 0.264 0.015 

1-propanol 0.142 0.023 

Acetonitrile 0.130 0.034 

Ethanol 0.123 0.028 

2-propanol 0.112 0.016 

Acetone 0.061 0.004 

Chloroform 0.041 0.002 

SD= standard deviation 

 

3.2. The Effect of the Reagent Concentration 

The transformation of a very large part of the analyte in 

solution into the colored complex in a short time, that is, 

the rapid transfer of charge to equilibrium and achieving 

the maximum sensitivity of the complex also depends on 

the concentration of the reagent (Gouda and Kassem, 

2012; Mohammed et al., 2018). To determine optimum 

concentration of reagent, 0.25-2.25 mL of 3.10-3 mol/L 

Quin was added into the CRV solutions. The solution was 

stirred for 2 min to complete the reaction. At the end of 

the study, the optimum volume of 3.10-3 mol/L Quin 

solution was found to be 1.25 mL. After this point, it was 

observed that the absorbance did not change much and 

reached the maximum density. The related results are 

shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Spectra of Quin (a) and Quin-CRV complex (b) in methanol. 
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Figure 3. Effect of the quinalizarin concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The reaction time and temperature CRV-Quin charge transfer complex (27 °C: (a), 35 °C: (b), 40 °C: (c), 45 °C: 

(d), 50 °C: (e), 55 °C: (f), 60 °C: (g)). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Job’s method to the reaction between Quin and CRV (λ= 560 nm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Possible mechanism of radical anion formation from Quin and CRV reaction. 
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3.3. The Effect of the Reaction Time and Temperature 

It was observed that the absorbance of the colored 

complex was both the most stable and the maximum at 

27±2 °C (laboratory temperature). For this reason, it was 

decided that the optimum temperature was 27±2 °C. The 

absorbance of the charge transfer complex remained 

unchanged from the beginning for 120 min at 27 °C. 

Therefore, the optimum reaction time was kept shorter 

than 1 min at 27 °C. The absorbance of the complex was 

immediately measured. As the temperature increased, 

the stability of the complex deteriorated (Figure 4). 

3.4. Characterization of CRV-Quin Charge Transfer 

Complex 

Job's continuous variation method (Kelani et al., 1997) 

was used to determine the stoichiometry of the charge 

transfer complex in methanol medium. As seen in Figure 

5, it has been determined that CRV and Quin react at a 

rate of 1-2. The proposed mechanism for this reaction is 

shown in Figure 6. It was thought that the charge transfer 

complex (n-π) was formed by transferring the loads in 

the -NH and -OH groups of the drug to the center with 

load deficiency in Quin. According to the literature, the 

mechanism related to n-π type interaction has also been 

proposed (Gouda et al., 2012). 

3.5 Validation 

3.5.1. Analytical performance of developed method 

Firstly, the linear working range was found that this 

range is 0.5-60 µg /mL. The equation of the calibration 

curve is y = 0.0169x + 0.0778 with 0.9981 correlation 

coefficient (y=Absorbance of complex, x=Concentration 

of CRV (µg/mL)). In this method, LOD and LOQ at 95 % 

confidence level were found to be 0.147 µg/mL, 0.491 

µg/mL, respectively. LOQ and LOD were calculated 

according to the Equation 1: 

LOD=3s/b, LOQ=10s/b (1) 
 

where s: standard deviation of absorbances of blank 

solution b: the slope of the calibration curve (URL1). 

All parameters related to calibration are given in Table 2.  

Accuracy: In the recovery study with pure CRV, values 

were obtained between 98.8 and 100.8% (Table 3). In the 

standard method of addition, recovery was obtained in 

the range of 98.4 to 99.4% (Table 4). In these two 

methods, RE % was lower than 1.6% and RSD % was 

lower than 1.5%. The high and good accuracy of the 

method depends on the low RSD % and RE %. RE % and 

RSD % were found to be low in the proposed method. At 

95% confidence level and 4 degrees of freedom, the 

experimental t was calculated as 1.97 and the recovery 

was found to be 100.7%. The theoretical t value is taken 

as 2.77. The experimental t value being less than the 

theoretical t value indicates that there is no systematic 

error in the method and it is applicable for the 

determination of CRV in tablets (URL1). 

Precision: In the precision study, the solutions prepared 

at any concentration within the working range were 

analyzed at 3 different times within the same day (in 1 

day) and on 3 different days, and the results were 

evaluated (Table 6). When the proposed method is 

applied to the solutions of CRV prepared in two different 

concentrations during the intraday and inter days, it is 

seen that the difference between absorbances is not 

much. RSD % is lower than 2% (URL1). 

Stability: In the stability study, after applying the 

proposed method to 15 µg/ mL, 45 µg/mL solutions, and 

absorbance measurements of each solution were taken at 

24 h intervals for 72 h. The low change in absorbance of 

the solutions for 72 h indicates that the complex is very 

stable (URL1). 

Specificity: The effects of the excipients such as 

Lactosemonohydrate, Sucrose, Povidone K25, 

Magnesium stearate (Mg-St.) on the absorbance were 

investigated by applaying proposed method to solution 

45 µg/mL of CRV (Table 7) (Korkmaz et al., 2005). In this 

method, it has been observed that these excipients do not 

have a significant effect on absorbance. 

Robutness: Small changes were made in the optimization 

parameters in the robustness study of the proposed 

method (URL1, Altunay et al., 2023). In the study, 

changes of ±0.05 mL in Quin volume and ±2ºC in 

temperature were examined. In both parameters, 

recoveries were obtained in the range of 99.00-100.22 %. 

RSD % was lower than 1% and RE % was less than 1.05 

% (Table 8). It was observed that the method was not 

affected by small changes in optimization parameters. 

 

Table 2. Optimum conditions and analytical parameters 

Parameters Values 

λmaks 

Linearity dynamic range (µg/mL) 

Correlation coefficient (r2) 

Regression equation 

Slope 

Interception 

LOD (µg/mL ) 

LOQ (µg/mL ) 

Molar Absorptivity (L.mol-1.cm-1) 

560 

0.5-60 

0.9981 

y=0.0169x+0.0778 

0.0169 

0.0778 

0.147 

0.491 

2737 

 

 

Table 3. Recovery of CRV in proposed method 

Taken (µg/mL) Found Conc. (µg/mL) Recovery% SD RSD% RE% 

15 14.82 98.83 0.07 0.46 1.17 

30 29.79 99.32 0.4 1.35 0.68 

45 44.57 99.04 0.43 0.96 0.96 

60 59.87 99.79 0.84 0.84 0.21 
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Table 4. the standard addition technique for the determination of the CRV in pharmaceutical preparation 

Taken Added (µg/mL) Recovery% SD RSD% RE% 

 8 98.6 0.19 0.69 1.41 

 12 99.4 0.33 1.02 0.57 

20µg/mL 16 99.1 0.39 1.11 0.93 

 20 98.4 0.53 1.34 1.57 

 24 99.0 0.39 0.89 0.97 

 

Table 5. t-test for pharmaceutical preparation of CRV 

Commercial Brand Found Calculated ±SD Recovery% t test 

Coronis (25 mg CRV) 25.17 ± 0.19 100.68 1.97 

 

Table 6. Intra-day and inter-day precision of proposed method (Taken Concentration: 45 µg/mL and 15 µg/mL) 

İntra-day İnter-day 

Found Conc. ( µg/mL )  44.79 15.00 Found Conc. ( µg/mL ) 44.57 14.96 

±SD 0.06 0.12 ±SD 0.18 0.21 

RSD% 0.14 0.83 RSD% 0.41 1.40 

 

Table 7. Effect of interfer substances in proposed method 

İ1:İ2 (µg/mL) 
LMH 

Recovery% 

Sucrose 

Recovery% 

Povidon K25 

Recovery% 

Mg-St 

Recovery% 

0:45 100 100 100 100 

45:45 98.6 99.8 100.1 95.2 

450:45 98.8 100 100.2 103.0 

4500:45 100.6 99.8 96.6 103.2 

İ1: interfere s. conc., İ2: CRV Conc. 

 

Table 8. The effect of small change in Quin volume and reaction temperature on absorbance 

  Recovery% SD RSD% RE% 

Quin Volume (mL) 
1.25 + 0.05 99.00 0.36 0.80 1.05 

1.25  0.05 100.22 0.21 0.47 0.22 

Temperature (°C) 
27 + 2 99.04 0.37 0.83 0.96 

27  2 99.22 0.15 0.33 0.78 

 

4. Conclusion 
In this study, spectrophotometric method based on 

charge transfer reaction between CRV and Quin was 

developed for determination of CRV from tablet 

formulation. The analytical procedure of this study was 

applied by optimizing several parameters such as solvent 

type, reagent concentration, reaction temperature and 

time, stoichiometric ratio. Then the method was 

validated. The stoichiometry of colored charge transfer 

complex was found to be 2:1(reagent:drug) by Job’s 

method. Beer’s Law is obeyed in the concentration range 

of 0.5-60 mg/L with 0.9986 correlation efficient. LOD and 

LOQ were found 0.147 mg/L, 0.491 mg/L, respectively. 

The proposed method has some advanteges such as 

being very simple and accurate, robust, without 

interference and economic. In addition, it does not 

require extra processes such as purification, heating, a 

buffer.  
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