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Abstract 

The aim of present investigation is to establish simple and economical UV- Spectrophotometric methods for estimation of 

Tolvaptan using Zero order UV-Spectrophotometric absorbance method and Zero Order- Area under curve (AUC) method 

with the application of hydrotropic solubilization phenomenon. Tolvaptan is non-peptide vasopressin V2 receptor antagonist. 

It is completely insoluble in water. Hydrotropic agent, sodium lauryl Sulfate (SLS) 5% w/v was used to enhance the solubility 

of Tolvaptan. Maximum absorption for Tolvaptan was found to be at 269 nm. The methods are based upon measurement of 

absorbance at 269 nm and integration of area under curve for analysis of Tolvaptan in the wavelength range of 263.2-282.2 

nm. The drug followed linearity in the concentration range of 3 - 18 µg/mL with correlation coefficient value r
2
> 0.99 for 

both methods. The proposed methods were validated for accuracy, precision, repeatability and ruggedness, as per ICH 

guidelines. The proposed methods were applied for qualitative and quantitative estimation of Tolvaptan in pharmaceutical 

formulation and results were found in good agreement with the label claimed. Developed methods can be used for routine 

analysis of Tolvaptan in bulk and tablets. 
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Introduction 

Tolvaptan is non-peptide vasopressin (VP) V2 

receptor antagonist that inhibits water re-absorption in 

the kidney by competitively blocking VP binding, 

resulting in water diuresis without significantly 

changing total electrolyte excretion.
1,2

 Tolvaptan 

chemically is N-{4-[(5R)-7-chloro-5-hydroxy-2,3,4,5-

tetrahydro-1H-1-benzazepine-1-carbonyl]-3-

methylphenyl}-2-methyl benzamide. The chemical 

structure of Tolvaptan is depicted in Fig. 1. 

In Literature, few liquid chromatography 

procedures have been reported for the analysis of 

Tolvaptan.
3,4

  Few UV-Spectrophotometric methods 

have been reported using methanol as solvent.
5,6

 

Hydrotropy is defined as the increase in solubility 

of various substances in water and it could possible by 

addition of large amounts of hydrotropic agents.
7
 The 

poorly water-soluble drugs have been solubilized 

using various hydrotropic solutions. Sodium benzoate, 

Niacinamide, Sodium salicylate, Sodium acetate, 

Sodium citrate and Urea have been employed to 

enhance the aqueous solubility of many poorly water-

soluble drugs.
8-10

 

The aim of the present investigation is to develop 

a simple, rapid, precise, reproducible and economical 

method for the estimation of the Tolvaptan using UV-

Spectrophotometric by studying absorbance and Area 

under curve (AUC) techniques. 

 

Chemical and Reagents 

Tolvaptan was gifted by Enaltec Lab Mumbai, Sodium 

lauryl Sulphate purchased from MOLYCHEM 

Mumbai and Tablets (Hyponat 15mg) were purchased 

from local market.  

 

Instrumentation  

1. Spectrophotometer: UV-2450 Shimadzu, Japan 

2. Software: UV Probe 2.21 

3. Sample cell: 1 cm quartz cuvette 

4. Lamp: Deuterium Lamp Wavelength range 200 – 

400nm 

5. Spectral Slit width: 1.0 nm 
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6. Weighing Balance: Shimadzu AUX-120 

 

Experimental  

Preliminary solubility studies and selection of 

solvent 

Solubility of Tolvaptan was determined in different 

hydrotropic agent includes Sodium Benzoate, Sodium 

Acetate, Sodium Citrate, Urea, Benzalkonium 

chloride, Pluronic (F68,F127), Potassium Acetate, and 

Polyethylene Glycol. Solubility of Tolvaptan was 

found improved by sodium lauryl Sulphate solution. 

The drug is completely soluble in SLS at various 

concentration 30%, 20%, 10%, and 5% w/v. For 

further studies minimum concentration 5% w/v of SLS 

is used. 

 

Preparation of stock standard solutions  

Preparation of 5% w/v sodium lauryl sulfate solution: 

50g of sodium lauryl sulfatewas dissolved in 1000 ml 

of water.  

The stock standard solution: An appropriate 

weight of 10 mg of Tolvaptan was transferred into 100 

mL of volumetric flaskcontaining 50 ml of sodium 

lauryl sulfate (5% w/v) solution, sonicated for 15 min 

and volume made upto 100 ml with same solvent to 

obtain concentration of 100µg/mL. The working 

standards were prepared by dilution of the stock 

standard solution. 

 

Determination of λ max and calibration curve 

A fixed volume of 1.0 mL of Tolvaptan from stock 

solution was transferred to 10 mL volumetric flask, 

diluted to mark with sodium lauryl sulfate (5%w/v) to 

obtain concentration of 10 µg/mL. The resultant 

solution was scanned in UV range (400-200 nm) in 1.0 

cm cell against solvent blank. The spectrum showed an 

absorption maximum at 269 nm. In Method I 

absorbance at 269 nm was considered for analysis 

while for Method II two wavelengths 263.2-282.2 nm 

were selected for determination of Area under Curve 

[AUC]. Optical Characteristics of Tolvaptan presented 

in Table 1. Zero order UV-spectrum showing 

maximum absorbance and AUC are shown in Fig. 2. 

An appropriate volume of stock solution in the 

range of 0.3 – 1.8 mL were transferred in series of 10 

mL volumetric flask, volume was made up to 10mL 

with sodium lauryl Sulphate (5%w/v) solution to get 

concentration of 3 – 18 µg/mL and absorbance was 

measured at 269 nm (method I) and Zero order- AUC 

was recorded in between the wavelength range of 

263.2-282.2 nm (Method II) against the blank. 

Calibration curves were prepared by plotting 

concentration versus absorbance and AUC Fig. 3. 

  

Analysis of marketed formulation 

Twenty tablets were accurately weighed and average 

weight determined, an amount of powdered drug 

equivalent to 10 mg of Tolvaptan was transfer into 100 

mL volumetric flask containing 50 ml of sodium lauryl 

sulfate (5%w/v) sonicated for 15 min. The volume was 

made up to the mark with same solvent and filtered 

through 0.45 µm Whatman filter paper.  A suitable 

volume of solution was further diluted with 5% 

sodium lauryl sulfate to obtain concentration 9 µg/mL 

of Tolvaptan for tablet assay. These sample solutions 

were scanned at selected wavelengths in Method I & 

Method II and the results were obtained.  From the 

respected linear regression equations, the 

concentrations were determined. The procedure was 

repeated for six times and the results are shown in 

Table 2. 

 

Validation 

The method was validated according to ICH guidelines 

for validation of analytical procedures in order to 

determine the linearity, sensitivity, precision, 

ruggedness and accuracy for the Tolvaptan in bulk and 

tablet dosage form. 

 

Accuracy 

To estimate the accuracy of both the proposed 

methods, recovery studies were executed out at 80%, 

100% and 120% of the test concentration as per ICH 

guidelines.  To the pre-analyzed sample solution (6 

µm/ml), a known amount of drug standard was added 

at 80%, 100% and 120% and solutions were 

reanalyzed by proposed methods. The experiments 

were performed for three times at each level for each 

method. The results of the recovery studies are 

reported in Table 3. 
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Precision  

Precision of the methods were studied as intra-day, 

inter-day variations and repeatability. Precision was 

determined by analyzing the concentration of 6, 9, and 

12𝜇g/mL.  

To determine the degree of repeatability of the 

methods, statistical evaluation was carried out. 

Repeatability was determined by analyzing Tolvaptan 

concentration of 9 µg/mL for six times and results 

reported in Table 4. 

 

Ruggedness  

Ruggedness of the proposed method was determined 

by analysis of aliquots from homogenous slot by two 

analyst using same operational and environmental 

conditions and the results are reported in Table 5. 

 

Sensitivity  

The sensitivity of proposed methods was estimated in 

terms of estimating Detection Limit (DL) and 

Quantitation Limit (QL) which were calculated using 

formulae “DL = 3.3 ×N/B,” and “QL = 10 ×N/B” 

where “N” is average standard deviation of the 

absorbance or peak areas of the Tolvaptan (n = 3), 

taken as a measure of noise, and “B” is the slope of the 

corresponding calibration curve.  

 

Results and Discussion  

In the present investigation, hydrotropic solubilization 

is employed to enhance the aqueous solubility of 

poorly water-soluble drugs Tolvaptan in bulk and in 

tablet dosage forms. By selecting proper hydrotropic 

agents, the use of organic solvents in analysis may be 

decreased to a greater extent. For the solubility studies, 

different hydrotropic agent was tried but optimum 

solubility was achieved in sodium lauryl sulfate (5% 

w/v) solution.  In Method I & II, linearity of Tolvaptan 

``was found to be in the range of 03 - 18 µg/mL, with 

correlation coefficient (r2 > 0.99). Marketed brand of 

tablet dosage form were analyzed. The amounts of 

Tolvaptan determined by „Method I‟ & Method II was 

found to be 99.01% and 99.73%, respectively. In both 

these methods, precision was studied as repeatability, 

inter and intra-day variations at three different 

concentrations of tolvaptan and % RSD was found to 

be less than 2. The accuracy of method was 

determined by calculating mean percentage recovery. 

It was determined at 80%,100% and 120%  level and 

% recovery was found to be in the range 98.5 - 99.4 

and 98.7-99.6 for method I and II respectively. The 

ruggedness of the methods was studied by two 

different analysts using the same operational and 

environmental conditions and % RSD found to be less 

than 2.  DL and QL were found to be 0.269 and 0.815, 

respectively for Method I and DL and QL were found 

to be 0.371 and1.126 respectively for Method II 

indicating adequate sensitivity of the methods. 

 

 

 

Table 1: Optical characteristics of Tolvaptan  

Parameter Method I Method II 

Wavelength  269 nm 261.20-278.20 nm 

Linearity range (µg/ml) 03-18 03-18 

Correlation coefficient 0.9992 0.9994 

 

Table 2: Analysis of Tablet  

 Label Claim(mg) Conc.(µg/ml) %Amount Found ± SD % RSD (n=6) 

Method I 15 9 99.01 0.873 0.882 

Method II 15 9 99.73 0.668 0.670 

 

Validation Parameters 

 

Table 3: Accuracy (% Recovery) 

 Initial Amount 

(µg/ml) 

Amount Added 

(µg/ml) 

Amount Recovered 

(µg/ml, n=3) 

% Recovered %RSD 

Method I 6 4.8 10.73 98.55 0.703 
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6 6 11.96 99.44 0.384 

6 7.2 13.14 99.16 0.539 

Method II 6 4.8 10.70 98.98 0.428 

6 6 11.98 99.66 0.224 

6 7.2 13.11 98.75 0.269 
 

Table 4: Precision  

Concentration (µg/ml) Intraday Precision Interday Precision 

% Amount Found %RSD (n=3) % Amount Found  %RSD (n=3) 

Method I 6 100.2 0.70 100.3 0.43 

9 99.8 0.72 99.7 1.82 

12 99.7 0.20 100.6 1.10 

Method II 6 100.3 0.31 100.1 0.61 

9 100.1 0.51 99.9 0.53 

12 99.8 0.11 100.1 1.24 
 

Repeatability 

 Concentration (µg/ml) Amount found % %RSD (n=6) 

Method I 9 100.2 0.936 

Method II 9 99.9 0.862 
 

Table 5: Ruggedness  

 Analyst  Concentration (µg/ml) Amount found % %RSD (n=6) 

Method I I 9 100.4 0.659 

II 9 99.7 0.960 

Method II I 9 100.1 0.636 

II 9 99.5 0.748 

n = number of determinations  

 

 
Fig. 1: The chemical structure of Tolvaptan 

 

 
Figure 2: Method I. UV-spectrum of tolvaptan in 

SLS (5%w/v) showing λmax; Method II.UV-

spectrum of tolvaptan in SLS (5%w/v) showing 

selection of wavelength for integration of Zero order 

AUC 

 

 
Fig. 3: Calibration curve of Tolvaptan. 

 

Conclusion 

The proposed methods for analysis of Tolvaptan in 

pharmaceutical formulations are ecofriendly, simple, 

precise and rapid so can be employed for routine 

analysis. From the proposed methods, we conclude 

that there is a good scope for other poorly water 

soluble drugs to get solubilized by using suitable 

hydrotropic agents. The developed methods have an 

advantage as organic solvents are avoided.  
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