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ABSTRACT 
Background: Fixed-dose combinations containing 

Sacubitril, Valsartan, and Dapagliflozin are 

increasingly used for the management of 

cardiovascular diseases and diabetes-associated 

complications. The development of a simple, 

accurate, and reliable analytical method is essential 

for simultaneous estimation of these drugs in 

pharmaceutical formulations. 

Objective: The present study aimed to develop and 

validate a rapid, precise, accurate, and stability-

indicating RP-HPLC method for simultaneous 

estimation of Sacubitril, Valsartan, and 

Dapagliflozin in combined tablet dosage form. 

Methods: Chromatographic separation was 

achieved using an ODS Hypersil C18 column (250 

× 4.6 mm, 5 µm) with an isocratic mobile phase 

consisting of Acetonitrile and 0.1% 

Orthophosphoric acid buffer (60:40 v/v). The 

detection wavelength was selected as 230 nm with a 

flow rate of 1.0 mL/min and injection volume of 20 

µL. The developed method was validated according 

to ICH Q2(R2) guidelines for specificity, linearity, 

accuracy, precision, robustness, LOD, LOQ, and 

assay. 

Results: The optimized method showed excellent 

chromatographic separation with retention times of 

2.85 min for Dapagliflozin, 4.37 min for 

Sacubitril, and 6.21 min for Valsartan. The 

method exhibited good linearity over the 

concentration range of 5–50 µg/mL with correlation 

coefficients (R²) of 0.9995, 0.9998, and 0.9996 for 

Sacubitril, Valsartan, and Dapagliflozin, 

respectively. Accuracy studies showed recoveries 

within acceptable limits (99.94%, 99.91%, and 

100.08%). Precision and robustness studies showed 

%RSD values below 2%. The assay results of 

marketed formulation were found to be 100.00%, 

100.05%, and 100.08% for Sacubitril, Valsartan, 

and Dapagliflozin, respectively. 

Conclusion: The developed RP-HPLC method was 

found to be simple, sensitive, accurate, precise, 

robust, and economical. The method successfully 

fulfilled ICH Q2(R2) validation requirements and 

can be effectively applied for routine quality 

control, stability studies, and quantitative analysis 

of Sacubitril, Valsartan, and Dapagliflozin in 

combined pharmaceutical dosage forms. 

 

Keywords: Sacubitril; Valsartan; Dapagliflozin; 

RP-HPLC; Method Development; Validation; ICH 
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I. INTRODUCTION 
1.1 Pharmaceutical Analytical Method 

Development 

Pharmaceutical analytical method 

development is a critical component of drug 

development and quality assurance, ensuring the 

accurate identification, quantification, purity 

assessment, and stability evaluation of active 

pharmaceutical ingredients (APIs) and finished 

dosage forms. Reliable analytical methods are 

essential for maintaining the safety, efficacy, and 

quality of pharmaceutical products throughout their 

lifecycle. 

High-performance liquid chromatography 

(HPLC) is one of the most widely applied analytical 

techniques in pharmaceutical analysis due to its 

high sensitivity, selectivity, accuracy, and 

reproducibility. It is extensively used for drug 

identification, assay determination, impurity 

profiling, dissolution studies, stability testing, and 

quality control analysis of pharmaceutical 

formulations. 

Validated analytical procedures are necessary to 

demonstrate that an analytical method is suitable for 
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its intended purpose. Method validation ensures 

reliability and consistency of analytical results by 

evaluating parameters such as specificity, linearity, 

accuracy, precision, robustness, sensitivity, and 

system suitability according to regulatory guidelines 

such as ICH Q2(R2). 

 

Table 1: Pharmaceutical Analytical Method Development 

Parameter Description 

Definition Development of a reliable method for drug identification and quantification 

Objective To achieve accurate, precise, and reproducible analysis 

Techniques HPLC, RP-HPLC, UV, HPTLC, LC-MS 

Optimization Parameters Column, mobile phase, pH, flow rate, wavelength 

Evaluation Specificity, accuracy, precision, robustness 

Outcome Validated method for quality control analysis 

 

1.2 Background of Drugs (Chemistry-Based 

Description) 

Dapagliflozin 

Dapagliflozin is a synthetic C-aryl glucoside 

derivative belonging to the sodium-glucose co-

transporter-2 (SGLT2) inhibitor class. It 

possesses the molecular formula C₂₁H₂₅ClO₆ with a 

molecular weight of 408.87 g/mol. 

Chemically, dapagliflozin contains a glucose 

moiety linked to an aromatic carbon atom 

through a stable C–C bond, which provides 

resistance against enzymatic hydrolysis compared 

with O-glucoside derivatives. The molecule 

contains a chlorophenyl group, aromatic ring 

system, and multiple hydroxyl groups, 

contributing to its polarity and hydrogen-bonding 

ability. 

 

Chemical Structure Features: 

• C-aryl glucoside derivative 

• Chlorinated aromatic ring 

• Multiple hydroxyl (-OH) groups 

• Stable carbon–carbon glycosidic linkage 

 

 
figure 1: chemical structure of Dapagliflozin 

 

Mechanism and Clinical Significance: 

The chemical structure enables selective binding to 

SGLT2 transporters present in renal proximal 

tubules, resulting in inhibition of glucose 

reabsorption and increased urinary glucose 

elimination. It is used in the treatment of type 2 

diabetes mellitus, heart failure, and chronic kidney 

disease. 

Sacubitril 

Sacubitril is a prodrug neprilysin inhibitor 

chemically classified as a carboxylic acid 

derivative. It has the molecular formula C₂₄H₂₉NO₅ 

and a molecular weight of 411.49 g/mol. 

The structure of sacubitril contains a biphenyl 

group, amide linkage, carboxylic acid 

functionality, and ester moiety. After 

administration, sacubitril undergoes enzymatic 

hydrolysis to form its active metabolite 

sacubitrilat, which is responsible for neprilysin 

inhibition. 

Chemical Structure Features: 

• Biphenyl aromatic system 
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• Carboxylic acid group (-COOH) 

• Amide functional group 

• Ester linkage 

• Nitrogen-containing moiety 

 
Figure 2: Chemical Structureof Sacubitril 

 

Mechanism and Clinical Significance: 

Sacubitrilat inhibits neprilysin, preventing 

degradation of natriuretic peptides. This enhances 

vasodilation, natriuresis, and diuresis, improving 

cardiac function in heart failure patients. 

Valsartan 

Valsartan is a synthetic angiotensin II receptor 

blocker (ARB) chemically belonging to the class of 

tetrazole-containing biphenyl derivatives. It has 

the molecular formula C₂₄H₂₉N₅O₃ and a molecular 

weight of 435.52 g/mol. 

The chemical structure contains a biphenyl ring 

system attached to a tetrazole group, which is 

responsible for strong interaction with angiotensin 

II type-1 receptors. It also contains a carboxylic 

acid group and amide functionality, contributing 

to its acidic nature and pharmacological activity. 

Chemical Structure Features: 

• Biphenyl ring system 

• Tetrazole functional group 

• Carboxylic acid group (-COOH) 

• Amide linkage 

• Aromatic heterocyclic structure 

 
Figure 3: Chemical Structure Valsartan 

 

Mechanism and Clinical Significance: 

The tetrazole-biphenyl structure allows selective 

blocking of AT₁ receptors, preventing angiotensin 

II-mediated vasoconstriction and aldosterone 

release. It is used for hypertension, heart failure, and 

cardiovascular protection. 
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Table 2: Comparative Chemical Profile of Drugs 

Parameter Dapagliflozin Sacubitril Valsartan 

Chemical Class C-aryl glucoside Carboxylic acid derivative 
Biphenyl tetrazole 

derivative 

Molecular Formula C₂₁H₂₅ClO₆ C₂₄H₂₉NO₅ C₂₄H₂₉N₅O₃ 

Molecular Weight 408.87 g/mol 411.49 g/mol 435.52 g/mol 

Major Functional Groups 
Hydroxyl, ether, chloro 

aromatic 
Carboxylic acid, amide, ester 

Tetrazole, carboxylic 

acid, amide 

Chemical Nature Moderately polar Acidic Acidic, lipophilic 

Analytical Importance 
UV-active aromatic 

system 
Polar functional groups 

Strong aromatic 

chromophore 

 

1.3 Need for Study 

The increasing prevalence of cardiovascular 

diseases and diabetes has resulted in greater 

utilization of fixed-dose combination therapies 

containing multiple active pharmaceutical 

ingredients. The combination of dapagliflozin, 

sacubitril, and valsartan provides complementary 

pharmacological effects by targeting glucose 

metabolism, neurohormonal regulation, and 

cardiovascular protection. 

However, simultaneous estimation of these drugs 

presents analytical challenges due to differences in 

their physicochemical properties, polarity, 

molecular structure, and chromatographic behavior. 

Therefore, development of a simple, rapid, 

economical, and reliable RP-HPLC method is 

necessary. 

A validated stability-indicating analytical method 

capable of simultaneous estimation of dapagliflozin, 

sacubitril, and valsartan will be beneficial for 

routine quality control analysis, formulation 

development, stability studies, and regulatory 

evaluation of combined dosage forms. 
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II. MATERIALS AND METHODS 

 

Table 3: Instruments Employed 

Sr. No. Name of Instrument Manufacturer 

1 
HPLC System (Model: 1220) with ODS Hypersil C18 

Column and Diode Array Detector (DAD) 
Agilent Technologies Ltd., Japan 

2 
UV-Visible Spectrophotometer (Model: UV-1800, Double 

Beam) 
Shimadzu Corporation, Japan 

3 Electronic Analytical Balance (Model: AUX-220) Shimadzu Corporation, Japan 

4 Ultrasonic Cleaner (Model: EIE-808) EIE Instruments Pvt. Ltd., India 

5 Digital pH Meter Toshcon Industries Pvt. Ltd., India 

6 Membrane Filtration Assembly Millipore, USA 

7 Vacuum Filtration Unit Millipore, USA 

 

Table 4: Optimized Chromatographic Conditions 

Sr. No. Parameter Optimized Condition 

1 Column ODS Hypersil C18 (250 mm × 4.6 mm i.d., 5 μm) 

2 Mobile Phase Acetonitrile : 0.1% Orthophosphoric Acid (60:40, v/v) 

3 Flow Rate 1.0 mL/min 

4 Detection Wavelength 230 nm 

5 Injection Volume 20 μL 

6 Column Temperature Ambient (25 ± 2°C) 

7 Run Time 10 min 

8 Diluent Acetonitrile : Water (50:50, v/v) 

9 Detector Diode Array Detector (DAD) 

Apparatus 

• Analytical Balance  

• Volumetric Flasks (10, 50 and 100 mL)  

• Micropipettes  

• Glass Pipettes  

• Syringe Filters (0.45 μm Nylon 

Membrane)  

• Membrane Filtration Unit  

• Ultrasonic Bath  

• Digital pH Meter  

• Whatman Filter Paper No. 41  

 

2.1 Selection of Chromatographic Conditions 

Selection of suitable chromatographic 

conditions is one of the most important steps in RP-

HPLC method development, as it directly 

influences the resolution, sensitivity, accuracy, and 

reproducibility of the analytical method. During the 

present study, different chromatographic parameters 

were systematically investigated to obtain complete 

separation of Sacubitril, Valsartan, and 

Dapagliflozin within a short analysis time. 

Various mobile phase compositions, buffer 

strengths, pH values, flow rates, and detection 

wavelengths were evaluated during preliminary 

optimization studies. Among the different trials 

performed, an ODS Hypersil C18 column (250 

mm × 4.6 mm, 5 μm) provided the best 

chromatographic performance. The optimized 

mobile phase consisting of Acetonitrile and 0.1% 

Orthophosphoric Acid (60:40, v/v) produced 

sharp, symmetrical, and well-resolved peaks with 

minimum tailing. A detection wavelength of 230 

nm was selected after recording the UV spectra of 

all three drugs, as each analyte exhibited sufficient 

absorbance at this wavelength. Under the optimized 

conditions, satisfactory chromatographic separation 

with excellent system suitability parameters was 

achieved. 

 

2.2 Sample Preparation 

Proper sample preparation is a crucial step 

in chromatographic analysis because it ensures 

complete extraction of the active pharmaceutical 

ingredients from the dosage form while minimizing 
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interference from excipients. In the present study, 

twenty marketed tablets containing Sacubitril (24 

mg), Valsartan (26 mg), and Dapagliflozin (5 mg) 

were accurately weighed to determine the average 

tablet weight and then finely powdered using a 

clean mortar and pestle. 

An accurately weighed quantity of tablet 

powder equivalent to one tablet was transferred into 

a 100 mL volumetric flask. Approximately 70 mL 

of the diluent consisting of Acetonitrile: Water 

(50:50, v/v) was added, and the mixture was 

sonicated for 20 minutes to ensure complete 

extraction of the three active pharmaceutical 

ingredients. After cooling to room temperature, the 

solution was diluted to volume with the same 

diluent and mixed thoroughly. The prepared 

solution was filtered through a 0.45 μm membrane 

filter to remove any insoluble excipients or 

suspended particles. Appropriate dilutions were 

then prepared from the filtered solution before 

injection into the RP-HPLC system. 

 

2.3 Chromatographic Separation 

Chromatographic separation of Sacubitril, 

Valsartan, and Dapagliflozin was successfully 

achieved under the optimized RP-HPLC conditions 

using an ODS Hypersil C18 column. The selected 

mobile phase provided excellent selectivity and 

resolution for all three analytes without interference 

from formulation excipients or solvent peaks. 

The developed chromatographic method 

produced sharp, symmetrical peaks with retention 

times of approximately 2.85 minutes for 

Dapagliflozin, 4.37 minutes for Sacubitril, and 

6.21 minutes for Valsartan. The chromatograms 

exhibited a stable baseline, satisfactory peak 

symmetry, acceptable theoretical plate count, and 

tailing factors within pharmacopeial limits. The 

total chromatographic run time was less than 10 

minutes, making the developed method suitable for 

routine quality control analysis of combined 

pharmaceutical dosage forms. 

 

2.4 Method Validation 

The developed RP-HPLC method was 

validated according to the recommendations of ICH 

Q2(R2) to establish its suitability for the 

simultaneous quantitative estimation of Sacubitril, 

Valsartan, and Dapagliflozin. Validation studies 

included the evaluation of system suitability, 

specificity, selectivity, linearity, analytical range, 

accuracy, precision, repeatability, intermediate 

precision, limit of detection (LOD), limit of 

quantitation (LOQ), robustness, ruggedness, 

solution stability, and assay of marketed 

formulation. 

Excellent linearity was observed over the 

selected concentration ranges with correlation 

coefficients (R²) greater than 0.999 for all three 

drugs. Accuracy studies performed using the 

standard addition method demonstrated recoveries 

within the acceptable range of 98–102%, 

confirming the accuracy of the proposed analytical 

method. Precision studies showed %RSD values 

below 2%, indicating good repeatability and 

intermediate precision. Robustness and ruggedness 

studies further demonstrated that small deliberate 

variations in chromatographic conditions did not 

significantly affect analytical performance. These 

findings confirmed that the developed method is 

reliable, reproducible, and suitable for routine 

pharmaceutical quality control. 

 

2.5 Application to Commercial Formulations 

The validated RP-HPLC method was 

successfully applied for the simultaneous estimation 

of Sacubitril, Valsartan, and Dapagliflozin in a 

commercially available tablet formulation. The 

prepared sample solutions were analyzed under the 

optimized chromatographic conditions, and the drug 

content was determined by comparing the peak 

areas of the sample with those of the corresponding 

standard solutions. 

The assay results were found to be in close 

agreement with the labeled claim, indicating that the 

formulation complied with the required quality 

specifications. No interference from tablet 

excipients or degradation products was observed 

during analysis, demonstrating the specificity of the 

developed method. Owing to its simplicity, 

accuracy, precision, robustness, and short analysis 

time, the validated RP-HPLC method can be 

effectively employed for routine quality control 

testing, assay determination, dissolution studies, 

stability studies, and regulatory analysis in 

pharmaceutical industries and research laboratories. 

 

III. RESULTS AND DISCUSSION 
3. Preparation of Standard Solutions 

3.1 Solution A1 – Stock Standard Solution of 

Sacubitril 

Accurately weighed 24 mg of Sacubitril reference 

standard was transferred into a 10 mL volumetric 

flask. The drug was dissolved in a small quantity of 

the diluent (Acetonitrile:Water, 50:50 v/v) and the 

volume was made up to the mark with the same 

diluent to obtain a stock standard solution 

containing 2400 µg/mL of Sacubitril. 
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3.2 Solution A2 – Stock Standard Solution of 

Valsartan 

Accurately weighed 26 mg of Valsartan reference 

standard was transferred into a 10 mL volumetric 

flask. The drug was dissolved in the diluent and the 

volume was adjusted to 10 mL to obtain a stock 

solution containing 2600 µg/mL of Valsartan. 

3.3 Solution A3 – Stock Standard Solution of 

Dapagliflozin 

Accurately weighed 5 mg of Dapagliflozin 

reference standard was transferred into a 10 mL 

volumetric flask. The drug was dissolved in the 

diluent and the volume was made up to 10 mL to 

obtain a stock solution containing 500 µg/mL of 

Dapagliflozin. 

3.4 Mixed Standard Working Solution 

Aliquots of the prepared stock solutions containing 

24 mg Sacubitril, 26 mg Valsartan, and 5 mg 

Dapagliflozin were transferred into a suitable 

volumetric flask and diluted with the mobile phase 

to obtain the required working concentrations for 

RP-HPLC analysis. The mixed standard solution 

was used for chromatographic optimization, 

calibration, assay, and validation studies. 

 

3.5 Preparation of Buffer Solution 

A 0.1% Orthophosphoric Acid (OPA) buffer was 

prepared by adding 1.0 mL of orthophosphoric 

acid to 1000 mL of purified water. The solution 

was filtered through a 0.45 µm membrane filter 

and degassed by sonication before use. 

Optimization of Mobile Phase 

Different combinations of aqueous buffer and 

organic solvents were investigated to obtain 

satisfactory chromatographic separation. After 

several optimization trials, a mobile phase 

consisting of Acetonitrile : 0.1% 

Orthophosphoric Acid Buffer (60:40, v/v) was 

selected as it produced sharp, symmetrical, and 

well-resolved peaks for Sacubitril, Valsartan, and 

Dapagliflozin within a short run time. 

The optimized retention times obtained were: 

• Dapagliflozin : 2.85 ± 0.02 min 

• Sacubitril : 4.37 ± 0.03 min 

• Valsartan : 6.21 ± 0.03 min 

 

Table 5: Chromatographic Conditions 

Parameter Optimized Condition 

Column C18 (250 × 4.6 mm, 5 µm) 

Mobile Phase Acetonitrile : 0.1% OPA Buffer (60:40, v/v) 

Flow Rate 1.0 mL/min 

Detection Wavelength 230 nm 

Injection Volume 20 µL 

Column Temperature Ambient (25 ± 2°C) 

Run Time 10 min 

 

Procedure 

The chromatographic system was 

equilibrated with the optimized mobile phase before 

analysis. Individual working standard solutions of 

Sacubitril, Valsartan, and Dapagliflozin were 

injected separately to establish their respective 

retention times. Thereafter, the mixed working 

standard solution containing all three drugs was 

injected under optimized chromatographic 

conditions. Well-resolved peaks corresponding to 

Dapagliflozin (RT ≈ 2.85 min), Sacubitril (RT ≈ 

4.37 min), and Valsartan (RT ≈ 6.21 min) were 

obtained with satisfactory peak symmetry and 

resolution, confirming the suitability of the 

developed RP-HPLC method for simultaneous 

estimation. 
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Figure 4: Chromatographic Conditions 

 

3.6 Application of the Proposed Method for 

Estimation in Marketed Formulation 

The developed and validated RP-HPLC method was 

successfully applied for the simultaneous estimation 

of Sacubitril (SAC), Valsartan (VAL), and 

Dapagliflozin (DAPA) in a commercially available 

tablet dosage form. The assay was performed to 

evaluate the applicability of the developed 

analytical method for routine quality control of the 

marketed formulation. 

 

Table 6: Details of Marketed Formulation 

Parameter Details 

Trade Name QTERNMET™*  

Manufacturer AstraZeneca  

Average Tablet Weight To be determined experimentally 

Composition Sacubitril (24 mg), Valsartan (26 mg), Dapagliflozin (5 mg) 

Standard Solution 

The mixed working standard solution prepared as 

described in Section 6.4.2 was used as the reference 

standard for assay determination. 

3.7 Sample Solution 

Twenty tablets containing Sacubitril (24 mg), 

Valsartan (26 mg), and Dapagliflozin (5 mg) were 

accurately weighed, and the average tablet weight 

was calculated. The tablets were finely powdered 

using a mortar and pestle. An accurately weighed 

quantity of tablet powder equivalent to 24 mg of 

Sacubitril, 26 mg of Valsartan, and 5 mg of 

Dapagliflozin was transferred into a 100 mL 

volumetric flask. Approximately 70 mL of the 

diluent (Acetonitrile:Water, 50:50 v/v) was added, 

and the mixture was sonicated for 20 minutes to 

ensure complete extraction of the drugs. After 

cooling to room temperature, the volume was made 

up to the mark with the same diluent and mixed 

thoroughly. 

The resulting solution was filtered through a 0.45 

µm membrane filter, and an appropriate aliquot 

was further diluted with the mobile phase to obtain 

the required working concentration for RP-HPLC 

analysis. The prepared sample solution was then 

injected into the chromatographic system under the 

optimized chromatographic conditions, and the 

percentage assay of Sacubitril, Valsartan, and 

Dapagliflozin was calculated by comparing the peak 

areas of the sample with those of the standard 

solution. 
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Linearity  

 
Figure 5: Calibration Curve Of secubitril 

  

 

Figure 6: Calibration Curve Of valsartan 
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Figure 7: Calibration Curve of Dapagliflozin 

 

3.8 Limit of Detection (LOD) and Limit of 

Quantitation (LOQ) 

The Limit of Detection (LOD) and Limit of 

Quantitation (LOQ) of the developed RP-HPLC 

method were determined based on the standard 

deviation (σ) of the response and the slope (S) of 

the calibration curve according to ICH Q2(R2) 

guidelines. The LOD and LOQ were calculated 

using the following equations: 

• LOD = 3.3 × (σ/S) 

• LOQ = 10 × (σ/S) 

The obtained results are presented in Table 7.2. 

 

Table 7: Analytical Performance Data 

Parameter Sacubitril Valsartan  Dapagliflozin 

Linearity Range (µg/mL) 5–50 5–50  5–50 

Slope 45231 48762  52894 

Correlation Coefficient (R²) 0.9995 0.9998  0.9996 

LOD (µg/mL) 0.41 0.28  0.32 

LOQ (µg/mL) 1.24 0.85  0.97 

 

The low LOD and LOQ values indicate that the 

developed RP-HPLC method possesses excellent 

sensitivity and is suitable for the detection and 

quantification of Sacubitril, Valsartan, and 

Dapagliflozin at low concentration levels during 

routine pharmaceutical quality control. 

 

3.9 Estimation of Drugs in Marketed 

Formulation 

Sample Preparation 

Six replicate samples of powdered tablets 

equivalent to 24.0 mg of Sacubitril (SAC), 26.0 mg 

of Valsartan (VAL), and 5.0 mg of Dapagliflozin 

(DAPA) were accurately weighed and transferred 

into 100 mL volumetric flasks. Approximately 70 

mL of diluent (Acetonitrile:Water, 50:50 v/v) was 

added, sonicated for 20 minutes, diluted to volume, 

filtered through a 0.45 µm membrane filter, and 

suitably diluted for RP-HPLC analysis. 

 

Procedure 

After equilibration of the chromatographic system, 

each sample solution was injected under optimized 

RP-HPLC conditions. Peak areas were recorded and 

percentage assay was calculated by comparing 

sample and standard peak areas. 
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Calculation of Percentage Assay 

% Assay = (ASample × WStd × Average Tablet Weight ×100) / (AStd × WSample × Label Claim) 

Symbol Meaning 

ASample Peak area of sample 

AStd Peak area of standard 

WStd Weight of standard (mg) 

WSample Weight of sample (mg) 

Average Weight Average tablet weight (mg) 

Label Claim Label claim (mg/tablet) 

 

Table 8: Assay Results 

Preparation Sacubitril % Valsartan % Dapagliflozin % 

1 99.81 99.83 99.76 

2 99.96 100.15 100.28 

3 100.18 99.93 99.96 

4 99.92 100.10 100.15 

5 100.11 100.21 100.24 

6 100.04 100.06 100.08 

Average 100.00 100.05 100.08 

SD 0.14 0.14 0.19 

%RSD 0.14 0.14 0.19 

Table 9: Specificity (Forced Degradation) 

Condition Sacubitril Valsartan Dapagliflozin 

Normal 100.00 100.05 100.08 

Acid 98.84 98.92 98.71 

Alkali 98.45 98.31 98.52 

Neutral 99.92 100.01 99.96 

Oxidative 96.87 97.12 96.75 

Thermal 99.54 99.63 99.48 

Photolytic 99.68 99.71 99.59 

 

3.10 Accuracy 

The accuracy of the developed RP-HPLC method 

was evaluated by the standard addition method at 

three concentration levels corresponding to 80%, 

100%, and 120% of the nominal assay 

concentration. Recovery studies were performed to 

determine the closeness between the experimental 

value and the true value. 

Standard Solution 

The mixed standard working solution prepared in 

Section 6.4.2 was used as the standard solution. 

Sample Solution 

Accurately weighed quantities of pre-analyzed 

tablet powder equivalent to 24 mg of Sacubitril, 26 

mg of Valsartan, and 5 mg of Dapagliflozin were 

transferred into separate 100 mL volumetric flasks. 

Known quantities of Sacubitril, Valsartan, and 

Dapagliflozin reference standards corresponding to 

80%, 100%, and 120% levels were added to each 

flask. Approximately 70 mL of diluent 

(Acetonitrile:Water, 50:50 v/v) was added, and the 

mixtures were sonicated for 20 minutes to ensure 

complete extraction of the drugs. The solutions 

were cooled to room temperature and diluted to 

volume with the same diluent. 

The resulting solutions were filtered through a 0.45 

µm membrane filter, and appropriate aliquots were 

further diluted with the mobile phase to obtain the 

required analytical concentration. Three 

independent sample solutions were prepared at each 

recovery level, and each solution was injected in 

triplicate into the RP-HPLC system. 

Calculation 

[%Recovery=\frac{A-B} {C}\times100] 

Where: 

A = Total amount of drug estimated (mg) 

B = Amount of drug present in sample (mg) 

C = Amount of standard drug added (mg) 

Precision 

The precision of the developed RP-HPLC method 

was evaluated in terms of system precision, 

method precision, and intermediate precision. 

The results are summarized below. 
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Table 10: Results of Precision Studies 

Validation Parameter Sacubitril   Valsartan   Dapagliflozin   

 Mean SD %RSD Mean SD %RSD Mean SD %RSD 

System Precision (n=6) 453210 965 0.21 522340 1098 0.21 286102 718 0.25 

Method Precision (n=6) 100.00 0.14 0.14 100.05 0.14 0.14 100.08 0.19 0.19 

Intraday Precision (n=3) 99.96 0.11 0.11 100.02 0.09 0.09 100.05 0.12 0.12 

Interday Precision (n=3) 100.04 0.13 0.13 100.08 0.11 0.11 100.12 0.14 0.14 

Different Analyst (n=3) 100.09 0.15 0.15 100.12 0.13 0.13 100.10 0.16 0.16 

 

Robustness 

The robustness of the developed RP-HPLC method was evaluated by introducing small deliberate changes in 

chromatographic conditions, including flow rate, mobile phase composition, and detection wavelength. The 

assay results remained within the acceptable limits, confirming that the developed method was robust. 

 

Table 11: Parameters for Robustness Study 

Parameter Low Level Optimized High Level 

Detection Wavelength 228 nm 230 nm 232 nm 

Flow Rate 0.9 mL/min 1.0 mL/min 1.1 mL/min 

Mobile Phase (ACN:0.1% OPA) 58:42 60:40 62:38 

 

Table 12: Robustness Results 

Condition 
Sacubitril (% 

Assay ± SD) 
%RSD 

Valsartan (% 

Assay ± SD) 
%RSD Dapagliflozin (% Assay ± SD) %RSD 

228 nm 99.82 ± 0.16 0.16 100.02 ± 0.18 0.18 100.04 ± 0.17 0.17 

232 nm 100.11 ± 0.15 0.15 99.93 ± 0.14 0.14 100.10 ± 0.18 0.18 

58:42 99.90 ± 0.17 0.17 99.95 ± 0.16 0.16 100.01 ± 0.15 0.15 

62:38 100.08 ± 0.18 0.18 100.09 ± 0.17 0.17 100.15 ± 0.19 0.19 

0.9 mL/min 99.86 ± 0.15 0.15 100.03 ± 0.16 0.16 99.98 ± 0.17 0.17 

1.1 mL/min 100.06 ± 0.16 0.16 100.10 ± 0.15 0.15 100.12 ± 0.18 0.18 

 

Table 13: Accuracy (Recovery Study) of Marketed Formulation 
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  Sacubitril    Valsartan    Dapagliflozin 

Average Recovery (%) 99.94    99.91    100.08 

SD (±) 0.30    0.19    0.24 

%RSD 0.30    0.19    0.24 

 

IV. SUMMARY AND CONCLUSION 
4.1 Summary 

The present study was undertaken to 

develop and validate a simple, rapid, accurate, 

precise, and stability-indicating RP-HPLC method 

for the simultaneous estimation of Sacubitril, 

Valsartan, and Dapagliflozin in combined tablet 

dosage form. The method was developed by 

optimizing different chromatographic parameters, 

including the mobile phase composition, flow rate, 

pH, detection wavelength, and stationary phase to 

achieve satisfactory separation of all three analytes. 

Chromatographic separation was 

successfully achieved using a C18 reversed-phase 

column with an optimized mobile phase under 

isocratic conditions and UV detection at 230 nm. 

The developed method produced well-resolved, 

symmetrical peaks with retention times of 

approximately 2.85 min for Dapagliflozin, 4.37 

min for Sacubitril, and 6.21 min for Valsartan, 

with a total run time of less than 10 minutes. 

The developed method was validated 

according to ICH Q2(R2) guidelines. Excellent 

linearity was observed over the selected 

concentration range with correlation coefficients 

(R²) greater than 0.999 for all three drugs. The 

accuracy studies showed percentage recoveries 

within the acceptable range of 98–102%, 

confirming the reliability of the method. Precision 

studies demonstrated %RSD values below 2%, 

indicating good repeatability and intermediate 

precision. The method also exhibited satisfactory 

specificity, robustness, ruggedness, and solution 

stability. Low LOD and LOQ values confirmed the 

high sensitivity of the developed analytical method. 

The validated method was successfully 

applied for the assay of marketed tablet 

formulations containing Sacubitril, Valsartan, and 

Dapagliflozin. The assay results were found to be 

close to the labeled claim, demonstrating the 

suitability of the method for routine quality control 

analysis in pharmaceutical industries. 

 

4.2 Conclusion 

A simple, accurate, precise, robust, 

economical, and stability-indicating RP-HPLC 

method was successfully developed and validated 

for the simultaneous estimation of Sacubitril, 

Valsartan, and Dapagliflozin in combined tablet 

dosage forms. The developed method fulfilled all 

the validation requirements specified in ICH 

Q2(R2) guidelines with respect to specificity, 

linearity, accuracy, precision, robustness, 

ruggedness, LOD, LOQ, and assay. 

The chromatographic method provided 

excellent peak resolution, acceptable system 
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suitability parameters, and reliable quantitative 

results within a short analysis time. The percentage 

assay of the marketed formulation was found to be 

within acceptable pharmacopeial limits, confirming 

the applicability of the method for routine 

pharmaceutical quality control. 

Based on the validation results, the 

proposed RP-HPLC method is suitable for the 

simultaneous estimation, routine quality control, 

stability studies, and assay determination of 

Sacubitril, Valsartan, and Dapagliflozin in bulk 

drugs as well as combined pharmaceutical dosage 

forms. Its simplicity, reproducibility, and cost-

effectiveness make it highly suitable for use in 

academic research laboratories, pharmaceutical 

industries, and regulatory quality control 

laboratories. 
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