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ABSTRACT  

The present study focuses on the analytical characterization and UV spectrophotometric method validation for two widely 

used antihypertensive drugs, Olmesartan Medoxomil and Sacubitril Calcium. FTIR spectroscopy confirmed the presence 

of functional groups such as –OH, C=O, and aromatic rings, indicating the structural integrity of both compounds. DSC 

analysis revealed sharp melting endotherms at 177.18°C for Olmesartan Medoxomil and 156.96°C for Sacubitril Calcium, 

confirming their thermal stability and purity. UV spectrophotometric analysis was performed to determine the λmax, which 

was found to be 255 nm for Olmesartan Medoxomil and 254 nm for Sacubitril Calcium. The method was validated as per 

ICH guidelines and showed excellent linearity, with correlation coefficients (R²) of 0.9996 and 0.9995 respectively. Accuracy 

studies revealed percent recoveries close to 100%, while precision, robustness, and ruggedness assessments confirmed 

method reliability. The low LOD and LOQ values indicate good sensitivity. Overall, the developed method is simple, rapid, 

precise, and suitable for routine quality control of both drugs in pharmaceutical formulations. 
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1. INTRODUCTION 

Hypertension remains one of the most prevalent chronic diseases globally, significantly contributing to cardiovascular 

complications such as stroke, heart failure, and kidney disease. Effective blood pressure management requires a combination 

of therapeutic interventions, among which pharmacological agents play a critical role. In recent years, the emergence of 

advanced antihypertensive drugs has revolutionized treatment protocols, emphasizing the need for precise, validated 

analytical methods to ensure accurate dosage and therapeutic efficacy. Analytical techniques serve as the backbone for 

quality control, pharmacokinetic studies, and therapeutic drug monitoring, thereby reinforcing drug safety and regulatory 

compliance. This study focuses on the analytical characterization and UV spectrophotometric method validation of two 

clinically significant antihypertensive drugs Olmesartan Medoxomil and Sacubitril Calcium by incorporating supportive 

physicochemical studies using FTIR spectroscopy and Differential Scanning Calorimetry (DSC).1-8 

Olmesartan Medoxomil is a prodrug that, upon hydrolysis in the gastrointestinal tract, releases the active moiety Olmesartan. 

It belongs to the class of angiotensin II receptor blockers (ARBs) and exerts its antihypertensive action by selectively 

blocking the binding of angiotensin II to the AT1 receptor. This inhibition leads to vasodilation, reduced secretion of 

aldosterone, and decreased blood pressure. Due to its high efficacy and tolerability profile, Olmesartan Medoxomil is widely 

prescribed either alone or in combination with other antihypertensive agents.9-12 From an analytical standpoint, its structural 

complexity and sensitivity to hydrolysis necessitate reliable characterization and quantification techniques. In this study, 

FTIR spectroscopy was employed to identify characteristic functional groups, and DSC was used to assess thermal behavior 

and purity. UV spectrophotometric analysis was further utilized to establish the λmax, construct calibration curves, and 

validate the developed method with parameters such as linearity, precision, and accuracy.13-15 
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Figure 1: Structure of Olmesartan 

Sacubitril Calcium, on the other hand, is a novel antihypertensive drug primarily used in the management of heart failure 

with reduced ejection fraction (HFrEF). It acts as a neprilysin inhibitor and is often co-formulated with valsartan as a part of 

the angiotensin receptor-neprilysin inhibitor (ARNI) class. Sacubitril inhibits the enzyme neprilysin, thereby increasing the 

levels of natriuretic peptides that promote vasodilation, natriuresis, and inhibition of renin and aldosterone secretion. As a 

relatively new therapeutic agent, Sacubitril demands comprehensive analytical evaluation for its stability, compatibility, and 

quantitative estimation in both pharmaceutical and biological environments. FTIR and DSC were used to characterize the 

drug's physicochemical profile and verify its structural and thermal properties. UV spectrophotometric analysis was carried 

out to determine its λmax and linear concentration range, followed by method validation as per ICH guidelines.16-20 

 

Figure 2: Structure of Sacubitril 

In the present research, a UV spectrophotometric method has been developed and validated for the simultaneous estimation 

of Olmesartan Medoxomil and Sacubitril Calcium in pharmaceutical formulations. The method was validated in accordance 

with ICH Q2(R1) guidelines, covering crucial parameters such as specificity, linearity, accuracy, precision, limit of detection 

(LOD), and limit of quantification (LOQ). The analytical method development was further supported by FTIR spectroscopy 

and DSC studies, which provided insights into the chemical structure, functional groups, and thermal stability of both drugs. 

The combined analytical approach ensures that the method is not only simple and cost-effective but also accurate and 

reproducible for routine quality control and preformulation studies.21-24 

This comprehensive analytical study aims to contribute significantly to the pharmaceutical sciences by offering a validated 

UV method supported with physicochemical characterization for two important antihypertensive drugs. Such integrative 

approaches help ensure the quality, safety, and efficacy of pharmaceutical products and pave the way for further bioanalytical 

and pharmacokinetic investigations. 

2. MATERIAL AND METHODS: 

Material: 

Pure drug samples of Sacubitril Calcium were provided by Dhamtec Pharma and Consultants, Taloja, Navi Mumbai-410208 

and Olmesartan Medoxomil were kindly provided by Sun Pharmaceutical Industries Ltd., Mumbai, India. Methanol, 

ethanol, and other analytical grade reagents were procured from Merck Life Science Pvt. Ltd., Mumbai, India. Potassium 

bromide (IR grade) for FTIR analysis was obtained from Sigma-Aldrich, India. FTIR spectra were recorded using a 

Shimadzu IR Affinity-1 spectrophotometer, while DSC analysis was performed using a Shimadzu DSC-60 instrument. 

UV absorbance measurements were carried out using a Shimadzu UV-1800 double-beam spectrophotometer with 1 cm 

quartz cuvettes. All glassware used was of borosilicate quality from Borosil Glass Works Ltd., Mumbai, India, and 
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standard laboratory equipment such as an analytical balance, sonicator, and pH meter were used as per standard protocols. 

FTIR Analysis25-28 

The Fourier Transform Infrared (FTIR) spectroscopic analysis was carried out to determine the characteristic functional 

groups and confirm the chemical integrity of Olmesartan Medoxomil and Sacubitril Calcium. A small amount of each pure 

drug (approximately 2–3 mg) was accurately weighed and mixed thoroughly with IR-grade potassium bromide (KBr) in a 

ratio of 1:100 (sample:KBr) using a mortar and pestle. The homogenous powder blend was then compressed into a thin, 

transparent pellet using a hydraulic press under vacuum. The prepared pellet was placed in the sample holder and scanned in 

the 4000–400 cm⁻¹ range using a Shimadzu IR Affinity-1 spectrophotometer. The resulting spectra were analyzed to identify 

characteristic peaks corresponding to different functional groups present in the drugs, thereby confirming their identity and 

structural stability. 

DSC Analysis29-31 

Differential Scanning Calorimetry (DSC) was performed to evaluate the thermal behavior, melting point, and crystalline 

nature of the selected drugs. Approximately 2–5 mg of accurately weighed drug sample was placed in a standard aluminum 

pan and hermetically sealed. An empty aluminum pan was used as a reference. The analysis was conducted using a Shimadzu 

DSC-60 instrument, calibrated with indium. The samples were heated from 30°C to 300°C at a rate of 10°C/min under a 

continuous flow of nitrogen gas (50 mL/min) to provide an inert atmosphere. The thermograms obtained were examined for 

endothermic and exothermic peaks, which provided insight into the drug's melting point, purity, and any possible 

polymorphic transitions or degradation. 

Determination of λ max 32-41 

The standard solution of Olmesartan Medoxomil and Sacubitril Calcium was scanned in the wavelength range of 200-400 

nm on a UV-Visible Spectrophotometer from this, wavelength corresponding to maximum absorbance (λ max) respectively.  

Construction of Calibration Curve42-48 

Standard solution was prepared by accurately weighed 10 mg of Olmesartan Medoxomil and 10 mg of Sacubitril Calcium 

working standard into a 10 ml volumetric flask separately, added Methanol : Water (80:20) for both drugs, shake and 

sonicated to dissolve the content, made up the volume with same diluent and filtered through 0.45 micron membrane filter. 

The solution was further diluted with solvent mixture system to obtain the required concentration of standard solution (4-20 

µg/ml) for Olmesartan Medoxomil and (1-9 µg/ml) for Sacubitril Calcium respectively. 

Instrument Used:  

Lasany, Model LI-2702 UV/Visible double beam spectrophotometer, with pair of matched quartz cells corresponding to 1 

cm path length was used for measurement of absorbance. Elder digital balance used for weighing, ultra sonicator of prama 

instrument was used for sonicating the drug and sample solution. 

UV Method Development49-58 

Selection of Common Solvents 

Solubility study was carried out with a view to find a suitable solvent in which the drug is completely soluble and stable. 

Solvents like distilled water, ethanol, methanol, acetonitrile, phosphate buffer and its combinations were tried for checking 

solubility of Olmesartan Medoxomil and Sacubitril Calcium. After assessing the solubility of drug in different solvent system 

Methanol: Water (80:20) has been selected and finalized as common solvent to observe spectral characteristics. 

Various concentrations of Olmesartan Medoxomil and Sacubitril Calcium 

Various dilutions of Olmesartan Medoxomil and Sacubitril Calcium from the standard solutions were prepared for the 

Olmesartan Medoxomil(4,8,12,16and 20 µg/ml) standards prepared whereas, for the Sacubitril Calcium (1,3,5,7and 9 µg/ml) 

were prepared by using Methanol: Water (80:20) at the observed fixed wavelength. 

Method validation: 

Linearity Study:  

Linearity was studied by preparing serial dilutions using standard stock solution in 10 ml volumetric flask. I.C.H. 

recommends that for the establishment of linearity, a minimum of 5 concentrations normally used. The various dilutions used 

for linearity study are as follows and the further study was carried out. 

B. Accuracy:  

The solutions prepared i.e., 80%, 100% and 120% solutions were injected into the column. The amounts added and amounts 

estimated for Olmesartan Medoxomil and Sacubitril Calcium and the individual recovery and mean recovery values were 

calculated. 

% RC= [SPS-S/SP] × 100 

Where, SPS= Amount found in the spiked sample 

 S= Amount found in the sample 
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 SP= Amount added to the sample 

 % RC= Percent recovery 

C. Precision: 

Intra- and inter-day precision of the method was established at three concentration levels. Intra-day precision was established 

by preparing nine different solutions of 4 µg/ml, 12 µg/ml, 20 µg/ml for Olmesartan Medoxomil and 1 µg/ml, 5µg/ml and 9 

µg/ml for Sacubitril Calcium respectively and its analysis at morning, afternoon and evening time. Deviation in results in 

terms of % relative standard deviation (% RSD) was calculated. Inter-day precision of Olmesartan Medoxomil and Sacubitril 

Calcium was established by analyzing the above mentioned solutions at three consecutive days. 

D. Robustness:  

Robustness of the method was evaluated by changing the solvents. Three different solvents viz.  Methanol: Water (70:30), 

Phosphate buffer (pH 5.8): Acetonitrile (60:40) and Phosphate buffer (pH 5.8): Methanol (60:40), were used for dissolving 

Olmesartan Medoxomil and Sacubitril Calcium and the absorbance of each was determined. Olmesartan Medoxomil and 

Sacubitril Calcium levels in each sample were estimated using pre-defined calibration curve. Results were represented in 

terms of % RSD. 

E. Ruggedness:  

Ruggedness of the method was determined by carrying out the analysis of Olmesartan Medoxomil and Sacubitril Calcium 

solutions (8 µg/ml for Olmesartan Medoxomil and 3 µg/ml for Sacubitril Calcium) at three different (25°C, 37°C and 60°C) 

temperatures and absorbance were noted and % RSD was calculated. 

F. LOD and LOQ:  

Limit of detection (LOD) is the lowest amount of an analyte that can be detected but not necessarily as an exact value. Limit 

of quantification (LOQ) is the lowest amount of an analyte in a sample that can be quantitatively determined with suitable 

precision and accuracy. The LOD and LOQ were separately determined which is based on calibration curve. The S.D. of y 

intercept of regression line may be used as S.D. The given concentration was used for this and the absorbance was taken and 

then calculates the standard deviation and slope. 

3. RESULTS AND DISCUSSION: 

FTIR Spectra of Olmesartan Medoxomil: 

The FTIR spectrum of Olmesartan Medoxomil confirms the presence of key functional groups corresponding to its chemical 

structure. A broad peak observed around 3587.60 cm-1 and  3406.29 cm-1 indicates overlapping -OH and N-H stretching 

vibrations, suggesting the presence of hydrogen bonds. The sharp and intense peak near 1720.50 cm-1 corresponds to the 

C=O stretching of the ester and ketone groups, confirming the presence of carbonyl functionalities. Multiple peaks in the 

region 1464.68 cm-1 are attributed to C=C stretching of the aromatic ring, indicative of its benzene structure.  The absence 

of unexpected peaks or significant shifts in characteristic frequencies serves to confirm the stability and purity of Olmesartan 

Medoxomil. In summary, the FTIR analysis validates the chemical structure, functional group integrity, and potential for 

formulation development without degradation or impurity interference. 

 

Figure 3: FTIR Spectra of Olmesartan Medoxomil 
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DSC Thermogram of Olmesartan Medoxomil  

The DSC of the Olmesartan Medoxomil was carried out by using instrument. The DSC thermogram of Olmesartan 

Medoxomil shows sharp exothermic peak at 177.18°C corresponding to its melting point 175-178°C. 

 

Figure 4: DSC Thermogram of Olmesartan Medoxomil 

FTIR Spectra of Sacubitril Calcium 

The FTIR spectrum of Sacubitril Calcium confirms the presence of functional groups critical to its structure and 

pharmacological activity. A broad absorption band observed around 3467.09 cm⁻¹ indicates the presence of -OH (alcohol 

or phenolic) groups, likely involved in hydrogen bonding. The sharp and intense peak at 1655.28 cm⁻¹ corresponds to C=O 

stretching, confirming the presence of ester and ketone groups. Peaks in the 1500–1580 cm⁻¹ region are associated with 

C=C aromatic stretching, validating the aromatic components of the molecule. The characteristic C-O-C stretching peak 

near 1296.16, 1263.37 cm⁻¹ supports the presence of ester linkages, while a weak peak around 557.43 cm⁻¹ corresponds to 

the Ca-O bond, confirming the calcium ion's coordination within the structure. The absence of unexpected peaks or 

significant shifts suggests that the structure of Sacubitril Calcium is intact, confirming its purity and stability under the 

conditions tested. 

 

Figure 5: FTIR Spectra of Sacubitril Calcium 
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DSC Thermogram of Sacubitril Calcium 

The DSC of the Sacubitril Calcium was carried out by using instrument. The DSC thermogram of Olmesartan Medoxomil 

shows sharp exothermic peak at 156.96°C corresponding to its melting point greater than 140°C. 

 

Figure 6: DSC Thermogram of Sacubitril Calcium 

UV analysis: 

Determination of λmax: 

The determination of the maximum absorption wavelength (λmax) for Olmesartan Medoxomil and Sacubitril Calcium was 

conducted using a UV-visible spectrophotometer to identify the wavelength at which each drug exhibits maximum 

absorbance. Standard stock solutions of both drugs were prepared in Methanol: Water (80:20) and diluted to obtain a 10 

µg/mL working solution. The solutions were scanned in the 200–400 nm range, and the λmax values were recorded. 

Olmesartan Medoxomil demonstrated maximum absorbance at approximately 255 nm, while Sacubitril Calcium exhibited a 

λmax at 254 nm. The selected λmax was further used for method development in RP-HPLC, ensuring optimal sensitivity 

and accuracy in drug quantification.  

 

Figure 7: Maximum wavelength detection of Olmesartan Medoxomil 
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Figure 8: Maximum wavelength detection of Sacubitril Calcium 

Development of standard curve for the Olmesartan Medoxomil and Sacubitril Calcium  

Olmesartan Medoxomil  

The calibration curve of Olmesartan Medoxomil was performed and graph plotted concentration vs. absorbance. The 

absorbance values of different concentration were noted. The regression equation was found to be y = 0.046x+0.0272, with 

R2 value of 0.9996. The graph was found to be linear.  

Table 1: Concentration range and respective absorbance of Olmesartan Medoxomil 

Sr.No. Concentration (ppm) Absorbance 

1 4 0.215 

2 8 0.389 

3 12 0.583 

4 16 0.755 

5 20 0.951 

 

 

Figure 9: Standard Curve for Olmesartan Medoxomil 

Sacubitril Calcium 

The calibration curve of Sacubitril Calcium was performed and graph plotted concentration vs. absorbance. The absorbance 
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values of different concentration were noted. The regression equation was found to be y = 0.1164x+0.0271, with R2 value of 

0.9995. The graph was found to be linear.  

Table 2: Concentration range and respective absorbance of Sacubitril Calcium 

Sr No. Concentration (ppm) Absorbance 

1 1 0.149 

2 3 0.374 

3 5 0.596 

4 7 0.851 

5 9 1.074 

 

 

Figure 10: Standard Curve for Sacubitril Calcium 

METHOD VALIDATION FOR UV METHOD DEVELOPMENT: 

Linearity 

For the linearity of the Olmesartan Medoxomil five point calibrations curve were plotted in a concentration range of 4-20 

μg/ml. The equation was found to be y = 0.046x+0.0272, with correlation coefficient of 0.9996 Whereas, Sacubitril Calcium 

five point calibrations curve were plotted in a concentration range of 1-9 μg/ml. Linear regression equation was y = 

0.1164x+0.0271 with correlation coefficient 0.9995. From the linearity study it was observed that the drug was found to be 

linear in the concentration range. 

Accuracy 

Accuracy of the proposed UV method for Olmesartan Medoxomil and Sacubitril Calcium was verified by conducting the 

recovery studies by using standard addition method. Standard drug concentration at three different percent levels was added 

to known amount of Olmesartan Medoxomil and Sacubitril Calcium. The percent recovery of added standards was calculated 

showed in the table. The results showed better % mean recovery for respective percent levels. The % mean recovery values 

are closer to 100% showed high accuracy of the proposed UV analytical method. 

 

Table 3: Accuracy study of Olmesartan Medoxomil and Sacubitril Calcium 

 Olmesartan Medoxomil   

Concentration 

(%) 

Origin level 

(µg/ml) 

Amount 

added 

(µg /ml) 

% Recovery 
Mean % 

Recovery 
% RSD 
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80 4 3.2 99.07 

100.62 1.412 80 4 4 100.93 

80 4 4.8 101.86 

100 12 9.6 99.31 

100.00 0.618 100 12 12 100.51 

100 12 14.4 100.17 

120 20 16 100.53 

100.04 0.438 120 20 20 99.68 

120 20 24 99.89 

      

 Sacubitril Calcium   

Concentration 

(%) 

Origin level 

(µg/ml) 

Amount 

added 

(µg/ml) 

% Recovery 
Mean % 

Recovery 
% RSD 

80 1 0.8 101.34 

100.23 1.394 80 1 1 98.66 

80 1 1.2 100.67 

100 5 4 99.16 

99.38 0.703 100 5 5 100.17 

100 5 6 98.83 

120 9 7.2 100.84 

100.71 0.474 120 9 9 100.19 

120 9 10.8 101.12 

 

Precision 

Intra-day and inter-day precision study of drug were evaluated for the 4 µg/ml, 12 µg/ml and 20 µg/ml for Olmesartan 

Medoxomil and 1 µg/ml, 5 µg/ml and 9 µg/ml for Sacubitril Calcium. Absorbance mean, percent assay and percent RSD 

were calculated for the intra-day as well as inter-day precision study  

Table 4: Intra-day and Inter-day study of Olmesartan Medoxomil 

Intra-day Morning Afternoon Evening 

Concentration 

Range 

(µg/ml) 

Mean % 

Assay 

% 

RSD 

Mean % 

Assay 

% 

RSD 

Mean % 

Assay 

% 

RSD 

4 0.216 99.23 0.960 0.213 101.87 1.692 0.209 98.74 1.44 

12 0.582 100.17 0.619 0.581 99.36 0.813 0.577 99.48 0.624 

20 0.952 99.96 0.368 0.951 100.35 0.321 0.954 99.89 0.377 

          

Inter-day Day 1 Day 2 Day 3 

Concentration 

Range 

(µg/ml) 

Mean % 

Assay 

% 

RSD 

Mean % 

Assay 

% 

RSD 

Mean % 

Assay 

% 

RSD 

4 0.213 101.87 1.692 0.210 100.63 0.728 0.211 100.15 1.194 
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12 0.581 99.77 0.882 0.579 99.48 0.518 0.580 99.71 0.653 

20 0.949 99.86 0.338 0.952 99.96 0.368 0.950 99.96 0.474 

 

Table 5: Intra-day and Inter-day study of Sacubitril Calcium 

Intra-day Morning Afternoon Evening 

Concentration 

Range (µg/ml) 

Mean % Assay % RSD Mean % Assay % RSD Mean % 

Assay 

% 

RSD 

1 0.150 99.33 1.763 0.149 98.65 1.342 0.152 100.22 1.659 

5 0.595 100.22 0.256 0.591 100.39 0.352 0.592 99.61 0.542 

9 1.071 100.24 0.234 1.074 100.09 0.426 1.068 100.34 0.328 

          

Inter-day Day 1 Day 2 Day 3 

Concentration 

Range (µg/ml) 

Mean % Assay % RSD Mean % Assay % RSD Mean % 

Assay 

% 

RSD 

1 0.150 99.77 1.674 0.152 99.78 1.652 0.149 101.57 1.692 

5 0.592 100.39 0.351 0.589 100.39 0.427 0.591 100.28 0.258 

9 1.071 99.87 0.300 1.071 99.75 0.235 1.071 100.40 0.353 

 

Robustness 

Robustness study was evaluated by using three different solvent. The method was found to be robust as indicated by the % 

RSD values which are less than 2%. 

Table 6: Robustness of Olmesartan Medoxomil and Sacubitril Calcium 

Olmesartan Medoxomil 

Concentration (µg/ml) Solvents Absorbance % RSD 

8 Methanol: Water (70:30) 0.389 0.771 

8 Phosphate buffer (pH 5.8): Acetonitrile 

(60:40) 
0.384 0.150 

8 Phosphate buffer (pH 5.8): Methanol 

(60:40) 
0.391 0.643 

Sacubitril Calcium 

Concentration (µg/ml) Solvents Absorbance % RSD 

3 Methanol: Water (70:30) 0.370 0.868 

3 
Phosphate buffer (pH 5.8): Acetonitrile 

(60:40) 
0.372 0.820 

3 
Phosphate buffer (pH 5.8): Methanol 

(60:40) 
0.373 0.863 

 

Ruggedness  

Ruggedness study of drug was carried out at the three different temperature levels. From the results it was found that the 

method was rugged showing the % RSD value less than 2%.  
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Table 7: Ruggedness of Olmesartan Medoxomil and Sacubitril Calcium 

Olmesartan Medoxomil 

Concentration (µg/ml) Temperature (°C) Absorbance % RSD 

8 25 0.383 0.941 

8 37 0.379 1.245 

8 60 0.380 1.643 

Sacubitril Calcium 

Concentration (µg/ml) Temperature (°C) Absorbance % RSD 

3 25 0.369 0.563 

3 37 0.374 0.535 

3 60 0.367 0.545 

 

Limit of Detection (LOD) & Limit of Quantification (LOQ) 

Form the results it was found that LOD & LOQ are in the sub-microgram level, which indicates the sensitivity of the method. 

Table 8: Evaluation data for LOD & LOQ of Olmesartan Medoxomil and Sacubitril Calcium 

Olmesartan Medoxomil 

LOD 0.113   µg/ml 

LOQ 0.256   µg/ml 

  

Sacubitril Calcium 

LOD 0.051 µg/ml 

LOQ 0.123 µg/ml 

 

4. CONCLUSION: 

The present study successfully demonstrates a comprehensive analytical evaluation and validated UV spectrophotometric 

method for the simultaneous estimation of Olmesartan Medoxomil and Sacubitril Calcium, two clinically significant 

antihypertensive drugs. The FTIR spectral analysis of both drugs confirmed the presence of key functional groups such as 

hydroxyl, carbonyl, and aromatic functionalities, thereby verifying the structural integrity and chemical stability of the 

individual APIs. Additionally, DSC thermograms provided clear endothermic peaks corresponding to their respective 

melting points, further confirming the purity and thermal characteristics without any sign of decomposition or polymorphic 

transformation. 

The UV spectrophotometric analysis yielded accurate λmax values for Olmesartan Medoxomil (255 nm) and Sacubitril 

Calcium (254 nm), which were used for calibration and quantification. The method showed excellent linearity with 

correlation coefficients (R²) of 0.9996 and 0.9995 for Olmesartan Medoxomil and Sacubitril Calcium, respectively, over 

their respective concentration ranges. Method accuracy, established through recovery studies, demonstrated percent 

recoveries close to 100%, indicating the reliability and reproducibility of the method. Furthermore, intra-day and inter-day 

precision data confirmed the consistency of the absorbance values with low %RSD values, which remained well below the 

acceptable limit of 2%, thereby ensuring high precision. The developed method also exhibited high robustness and 

ruggedness across different solvents and temperatures, signifying its stability and applicability under variable analytical 

conditions. The LOD and LOQ values obtained were in the sub-microgram range, establishing the high sensitivity of the 

developed method. 

In conclusion, the combined use of FTIR, DSC, and UV spectrophotometric techniques enabled a thorough analytical 

characterization and validation for both drugs. The developed UV method is simple, accurate, precise, cost-effective, and 

suitable for routine quality control analysis of Olmesartan Medoxomil and Sacubitril Calcium in pharmaceutical 

formulations. This study also lays a solid foundation for future bioanalytical and pharmacokinetic evaluations involving these 

antihypertensive agents. 



Shubhada V. Bhopale, Dr. Mahesh P. Kumar, Dr. Sunil N. kshirsagar  

pg. 1733 

Journal of Neonatal Surgery | Year: 2024 | Volume: 13 

 

5. ACKNOWLEDGMENT: 

The authors gratefully acknowledge the Department of Pharmaceutical Sciences, Jaipur National University, Jaipur, 

for providing the necessary facilities and support to carry out this research work successfully. 

AUTHORS CONTRIBUTIONS: 

All authors have contributed equally.  

CONFLICTS OF INTERESTS:  

All authors have declared no conflict of interest 

REFERENCES 

[1] British Pharmacopoeia. London: Medicines and Healthcare products Regulatory Agency; 2007. Vol. 2, p. 1078–

80, 1609–11. 

[2] United States Pharmacopoeia 41, National Formulary 36. Validation of Compendial Methods. Rockville (MD): 

United States Pharmacopeial Convention; 2018. p. 2139, 3240. 

[3] European Pharmacopoeia. 9th ed. Strasbourg: Council of Europe; 2019. p. 2755, 3296. 

[4] Erk N. Comparison of spectrophotometric and an LC method for the determination of perindopril and 

indapamide in pharmaceutical formulations. J Pharm Biomed Anal. 2001;26(1):43–52. 

[5] Maczka P, Gumieniczek A, Galeza J, Pietras R. Zero crossing and ratio spectra derivative spectrophotometry 

for the dissolution tests of amlodipine and perindopril in their fixed dose formulations. Curr Issues Pharm Med 

Sci. 2014;27(2):113–7. 

[6] Modi DK, Patel CN. Development and validation of spectrophotometric method for simultaneous estimation of 

perindopril and indapamide in combined dosage form by simultaneous equation method. Eurasian J Anal Chem. 

2011;6(1):46–52. 

[7] Jogia H, Khandelwal U, Gandhi T, Singh S, Modi D. Development and validation of a stability-indicating assay 

method for simultaneous determination of perindopril and indapamide in combined dosage form by reversed-

phase high performance liquid chromatography. J AOAC Int. 2010;93(1):108–15. 

[8] Szabo ZI, Reti ZZ, Gagyi L, Kis EL, Sipos E. Simultaneous quantification of related substances of perindopril 

tert-butylamine using a novel stability-indicating liquid chromatographic method. J Chromatogr Sci. 

2015;53:424–30. 

[9] Bhoir V, Hibare V, Damle MC. Development and validation of stability-indicating HPTLC method for the 

estimation of perindopril and indapamide. Int J Pharm Pharm Sci. 2014;6(7):621–5. 

[10] Campbell DB. The possible mode of action of indapamide: a review. Curr Med Res Opin. 1983;8:9–24. 

[11] Pai JB, Shetty SK, Chenna GP, Gopinath B, Manzoor A. Development of new spectrophotometric methods for 

the determination of indapamide in bulk and pharmaceutical formulations. Int J ChemTech Res. 2011;3(2):755–

60. 

[12] Gupta Y, Shrivastava A, Duggal D, Patel A, Agrawal S. A new RP-HPLC method for simultaneous estimation 

of nebivolol hydrochloride and hydrochlorothiazide in dosage forms. J Young Pharm. 2009;1(3):264–9. 

[13] Joshi HS, Kher GJ, Ram VR, Dodiya BL. HPLC method development and validation of combined dosage form 

of atenolol and indapamide in tablets. Int J PharmTech Res. 2011;3(3):3277–98. 

[14] Shah DA, Bhatt KK, Mehta RS, Baldania SL, Gandhi TR. Stability indicating RP-HPLC estimation of nebivolol 

hydrochloride in pharmaceutical formulations. Indian J Pharm Sci. 2008;70(5):591–5. 

[15] Pawar PV, Gaikwad PD, Bankar VH, Pawar SP. Development and validation of RP-HPLC method for 

simultaneous estimation of atenolol and indapamide in pharmaceutical dosage form. Int J Res Ayurveda Pharm. 

2011;2(3):918–23. 

[16] Doshi AS, Bhagwan SS, Mehta TN, Gupta VK, Gunta S. Determination of nebivolol and valsartan in a fixed-

dose combination by liquid chromatography. J AOAC Int. 2008;91(2):292–8. 

[17] Sahoo MK, Giri RK, Barik CS, Kanungo SK, Ravi Kumar BVV. RP-HPLC method for the estimation of 

nebivolol in tablet dosage form. E-J Chem. 2009;6(3):915–9. 

[18] Patel AR, Chandrul KK. Method development, validation and stability study for simultaneous estimation of 

telmisartan and indapamide by reverse phase-high performance liquid chromatography in pure and marketed 

formulation. Int J Pharm Biomed Res. 2011;2(1):4–16. 

[19] Al Masud A, Rahman MM, Hasan M, Ripon MKH, Khan AR, Islam MR, et al. Validated spectrophotometric 

method for estimation of Olmesartan Medoxomil in pharmaceutical formulation. Int J Pharm Life Sci. 



Shubhada V. Bhopale, Dr. Mahesh P. Kumar, Dr. Sunil N. kshirsagar  

pg. 1734 

Journal of Neonatal Surgery | Year: 2024 | Volume: 13 

 

2012;1(3):1–6. 

[20] Sharma T, Moitra SK, Si SC, Gowrisankar D. Visible spectrophotometric determination of Olmesartan 

Medoxomil in pharmaceutical formulations. Asian J Chem. 2012;24(8):3771–2. 

[21] Hemke AT, Bhure MV, Chouhan KS, Gupta KR, Wadodkar SG. UV spectrophotometric determination of 

Hydrochlorothiazide and Olmesartan Medoxomil in pharmaceutical formulation. J Chem. 2010;2010:826585.  

[22] Vicent L, Esteban-Fernández A, Gómez-Bueno M, De-Juan J, Díez-Villanueva P, Iniesta ÁM, et al. 

Sacubitril/Valsartan in daily clinical practice: data from a prospective registry. J Cardiovasc Pharmacol. 

2019;73(2):118–24. 

[23] Sharma RN, Pancholi SS, Sawale V, Dhabarde DM, Mahapatra DK. Development and validation of UV 

spectrophotometric method for simultaneous estimation of Olmesartan Medoxomil and Chlorthalidone in bulk 

and tablet. Eurasian J Anal Chem. 2017;12(1):1–6. 

[24] Vora BN, Parmar RR, Nayak PP, Shah DA. Development and validation of the simultaneous UV 

spectrophotometric method for estimation of metoprolol succinate and Olmesartan Medoxomil in the tablet 

dosage form. Pharm Methods. 2012;3(1):44–7. 

[25] Ghelani NC, Bhalodiya K, Dadhania K, Faldu S. Development and validation of spectrophotometric method 

for simultaneous estimation of Olmesartan Medoxomil and Cilnidipine by simultaneous equation method. 

PharmaTutor. 2014;2(4):1–6. 

[26] Pandiya H, Rathore KS. UV spectrophotometric determination of Olmesartan Medoxomil in pure and 

pharmaceutical formulation. PharmaTutor. 2019;Aug:1–6. 

[27] Celebier M, Altinoz S. Determination of Olmesartan Medoxomil in tablets by UV–Vis spectrophotometry. 

Pharmazie. 2007;62(6):419–22. 

[28] Gu J, Noe A, Chandra P, Al-Fayoumi S, Ligueros-Saylan M, Sarangapani R, et al. Pharmacokinetics and 

pharmacodynamics of LCZ696, a novel dual-acting angiotensin receptor-neprilysin inhibitor (ARNi). J Clin 

Pharmacol. 2010;50(4):401–14. 

[29] Mills J, Vardeny O. The role of neprilysin inhibitors in cardiovascular disease. Curr Heart Fail Rep. 

2015;12(6):389–94. 

[30] King JB, Bress AP, Reese AD, Munger MA. Neprilysin inhibition in heart failure with reduced ejection fraction: 

a clinical review. Pharmacotherapy. 2015;35(9):823–37. 

[31] Sun C, Wang W, Bao X, Chen D, Mei S, Ma J, et al. Quantification of Rhodojaponin II and Rhodojaponin III 

in rat plasma by ultra-performance liquid chromatography-tandem mass spectrometry. Int J Anal Chem. 

2024;2024:6386570. 

[32] Kommu S, Berg RL. The efficacy and safety of Sacubitril/Valsartan compared to Valsartan in patients with 

heart failure and mildly reduced and preserved ejection fractions: a systematic review and meta-analysis of 

randomized controlled trials. J Clin Med. 2024;13(6):1572. 

[33] Pravalika K, Subhashini V. Analytical review on newly approved antidiabetic and antihypertensive drugs. Int J 

Drug Deliv Technol. 2024;14(1):537–44. 

[34] Chakraborty A, Jayaseelan K, Rathinam S, KS K, KN K. Bioanalytical methods and extraction techniques for 

the quantification of hydrochlorothiazide and its pharmaceutical combinations: a comprehensive review. Acta 

Chromatogr. 2024. https://doi.org/10.1556/1326.2023.01187. 

[35] Wang S, Wang Y, Deng Y, Zhang J, Jiang X, Yu J, et al. Sacubitril/valsartan: research progress of multi-channel 

therapy for cardiorenal syndrome. Front Pharmacol. 2023;14:1167260. 

https://doi.org/10.3389/fphar.2023.1167260. 

[36] Raja R, Kumari S, Khan MU, Ayaz A, Jaffar D, Mohamad Z, et al. Antihypertensive effects of 

Sacubitril/Valsartan versus Olmesartan: an updated systemic review and meta-analysis of randomized 

controlled trials. Cureus. 2023;15(11):e48692. https://doi.org/10.7759/cureus.48692. 

[37] Patel MA, Pandya P, Mehta M, Kothari S. Method development and validation of some antihypertensive drugs 

by RP-HPLC: a comparative study. Eur Chem Bull. 2023;12(10):4668–79. 

[38] Gurav L, et al. A robust RP-HPLC analytical method development and validation of Cilnidipine and Olmesartan 

in antihypertensive formulations. RRJ Pharm Nano. 2023;11:001. 

[39] Lamprecht DG, Saseen JJ, Shaw PB. Clinical conundrums involving statin drug-drug interactions. Prog 

Cardiovasc Dis. 2022;75:83–9. https://doi.org/10.1016/j.pcad.2022.11.002. 

[40] Kido K, Colvin BM, Szymanski TW, Guglin M. Sacubitril/Valsartan off-label uses for heart failure. J Card Fail. 



Shubhada V. Bhopale, Dr. Mahesh P. Kumar, Dr. Sunil N. kshirsagar  

pg. 1735 

Journal of Neonatal Surgery | Year: 2024 | Volume: 13 

 

2022;28(7):1185–201. https://doi.org/10.1016/j.cardfail.2022.03.348. 

[41] Avataneo V, Fanelli E, De Nicolò A, Rabbia F, Palermiti A, Pappaccogli M, et al. A non-invasive method for 

detection of antihypertensive drugs in biological fluids: the salivary therapeutic drug monitoring. Front 

Pharmacol. 2022;12:755184. https://doi.org/10.3389/fphar.2021.755184. 

[42] González R, Torrado G, Arribas JM, Peña MA. Development of an analytical method for the determination and 

quantification of N-Nitrosodimethylamine in Olmesartan by HPLC-MS/MS. Microchem J. 2022;179:107402. 

https://doi.org/10.1016/j.microc.2022.107402. 

[43] Zhang R, Sun X, Li Y, He W, Zhu H, Liu B, et al. The efficacy and safety of Sacubitril/Valsartan in heart failure 

patients: a review. J Cardiovasc Pharmacol Ther. 2022;27:10742484211058681. 

https://doi.org/10.1177/10742484211058681. 

[44] Patel P, Dave H. Analytical method development and validation of tertiary combinations of antihypertensive 

drugs: a review. Int J Pharm Sci Res. 2022;13(9):3447–57. https://doi.org/10.13040/IJPSR.0975-

8232.13(9).3447-57. 

[45] Jaglinska K, Polak B, Klimek-Turek A, Fornal E, Stachniuk A, Trzpil A, et al. Comparison of the determination 

of some antihypertensive drugs in clinical human plasma samples by solvent front position extraction and 

precipitation modes. Molecules. 2023;28:2213. https://doi.org/10.3390/molecules28052213. 

[46] El-Didamoony MA, Elsadek ME, Baraka MM, Ibrahim SM, Sebaiy MM. Analytical methods for determination 

of certain antihypertensive drugs. Biomed J Sci Tech Res. 2021;34(2). BJSTR.MS.ID.005513. 

[47] Wagmann L, Vollmer AC, Lauder L, Mahfoud F, Meyer MR. Assessing adherence to antihypertensive 

medication by means of dose-dependent reference plasma concentration ranges and ultra-high performance 

liquid chromatography-ion trap mass spectrometry analysis. Molecules. 2021;26:1495. 

https://doi.org/10.3390/molecules26051495. 

[48] Jaglińska K, Polak B, Klimek-Turek A, Błaszczyk R, Wysokiński A, Dzido TH. Preparation of antihypertensive 

drugs in biological matrix with solvent front position extraction for LC-MS/MS analysis. Molecules. 

2022;27(1):205. https://doi.org/10.3390/molecules27010205. 

[49] Lai PM, Xue JH, Xie MJ, Ye JH, Tian KJ, Ling JY, et al. Emerging trends in Sacubitril/Valsartan research: a 

bibliometric analysis of the years 1995–2021. Medicine. 2022;101(31):e29398. 

https://doi.org/10.1097/MD.0000000000029398. 

[50] Reddy R, Reddy I, Jagannath D, Nagesh M, Manne R. Bio-analytical method development and validation of 

Olmesartan in human EDTA plasma using LC-MS/MS detection method. J Appl Pharm Sci. 2020;4:97–150. 

[51] Richter LHJ, Jacobs CM, Mahfoud F, Kindermann I, Böhm M, Meyer MR. Development and application of a 

LC-HRMS/MS method for analyzing antihypertensive drugs in oral fluid for monitoring drug adherence. Anal 

Chim Acta. 2019;1070:69–79. https://doi.org/10.1016/j.aca.2019.04.026. 

[52] Haque SKM, Alsawalha M. Analytical methods for the quantitation of amlodipine besylate and atorvastatin 

calcium in pharmaceutical dosage form and biological fluids. Int J Appl Pharm. 2019;11(3):5–15. 

https://doi.org/10.22159/ijap.2019v11i3.32566. 

[53] Kumar A, Dwivedi SP, Prasad T. Method validation for simultaneous quantification of Olmesartan and 

Hydrochlorothiazide in human plasma using LC-MS/MS and its application through bioequivalence study in 

healthy volunteers. Front Pharmacol. 2019;10:810. https://doi.org/10.3389/fphar.2019.00810. 

[54] Jhund PS, McMurray JJV. The neprilysin pathway in heart failure: a review and guide on the use of 

Sacubitril/Valsartan. Heart. 2016;102(17):1342–7. https://doi.org/10.1136/heartjnl-2014-306775. 

[55] Bharti T, Mishra R, Rajput C, Singhal R. Analytical method development and validation of assay for Olmesartan 

Medoxomil in formulated product by reverse phase ultra performance liquid chromatography. J Pharm Anal. 

2016;3:215–22. 

[56] Sunitha N, Marihal SC, Sravanthi J, Venu A, Rao BN, Rao BA. Method development and validation of RP-

HPLC method for the simultaneous estimation of Olmesartan and Cilnidipine in bulk and formulations. Int J 

Pharm Res Allied Sci. 2015;4(3):127–35. 

[57] Beg S, Sharma G, Katare OP, Lohan S, Singh B. Development and validation of a stability-indicating liquid 

chromatographic method for estimating Olmesartan Medoxomil using quality by design. J Chromatogr Sci. 

2015;53(7):1048–59. https://doi.org/10.1093/chromsci/bmu165. 

[58] Raja B, Lakshmana Rao A. Development and validation of a reversed phase HPLC method for simultaneous 

estimation of Olmesartan and Hydrochlorothiazide in combined tablet dosage form. Int J Res Pharm Chem. 

2011;1(3).. 


