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Abstract 
An innovative approach has been developed and validated for HPLC analysis of Dapagliflozi
n. This method was verified based on ICH guidelines, encompassing accuracy, linearity, preci
sion, and robustness. The UV spectra of the standard solution were analyzed across the wavel
ength range of 200 nm to 400 nm, revealing the isobestic point at 205 nm. The Dapagliflozin 
peak was successfully separated using a mobile phase comprising 65:35 v/v of buffer and ace
tonitrile, with the buffer pH set to 3.8 using either orthophosphoric acid or sodium hydroxide,
 achieving optimal retention time, peak area, and symmetry. 
All analytical parameters were appraised using a Shimadzu C18 column (15 cm × 4.6 mm int
ernal diameter, 5 µm particle size), ensuring the Dapagliflozin peak was distinctly resolved at
 a wavelength of 205 nm. Dapagliflozin exhibited a retention time of 6.986 minutes, with a fl
ow rate of 0.8 ml/minute and a sample volume of 10µl. The regression coefficients (r2) were 
found to be 0.99985 for the standard solution and 0.99947 for the test solution, both meeting 
the acceptable criteria. The assay recovered rate assorted between 99.10% and 101.71%.  
Index Terms: Dapagliflozin, RP-HPLC, Validation 
 
1. Introduction: 
One method for separating mixture components is chromatography. The procedure 
commences with the dissolution of the mixture in a substance referred to as the mobile phase, 
which subsequently carries it through another substance known as the stationary phase. Due to 
the differences in their speeds, the individual components of the mixture separate from each 
other as they traverse the stationary phase. The rate at which substances move, whether quickly 
or slowly, is influenced by the properties of the specific mobile and stationary phases, which 
also dictate the manner of their separation. The phrase "retention time" pertains to these 
differing travel durations. Chromatography serves as an analytical tool by directing its output 
into a detector that analyzes the contents of the mixture. Additionally, it can function as a 
purification method to isolate components of a mixture for application in other processes or 
experiments. In general, analytical chromatography necessitates significantly less material 
compared to chromatography aimed at isolating specific components or purifying a mixture.1 

Liquid chromatography was created in 1906 by Russian botanist Mikhail Tsvet while he was 
trying to separate chlorophylls from plant extract. Because of this discovery, he was 
dubbed the Father of Chromatography—more accurately, the Father of Liquid 
Chromatography. He kept working with chromatography in the first decade of the 1900s, 
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mostly for the separation of pigments found in plants, like carotenes, 
xanthophylls, and chlorophyll. They called the technique "chromatography" or "color writing" 
because these components (yellow, orange, and green) have different colors. A new kind of 
chromatography emerged in the 1930s and 1940s and has persisted to this day, making it a 
practical and necessary technique for many types of separation and purification.2 
 
2. Principle of HPLC 
During the purification process, a separation column serves to separate the stationary and 
mobile phases. The stationary phase within a separation column consists of a granular material 
composed of small porous particles. The solvent or mixture of solvents that is propelled through 
the separation column under high pressure is referred to as the mobile phase. A syringe is 
utilized to transfer the sample into the mobile flow regime from the pump to the separation 
column through a valve that is connected to a sample loop, which is essentially a small capillary 
or stainless steel tube. Upon completion of this operation, a chromatogram is generated within 
the HPLC software. The various compounds can be identified and quantified due to the 
information provided by the chromatogram. The individual components of a mixture thus travel 
through the column at different rates, influenced by their interactions with the stationary phase. 
When a compound exits the column and is transmitted as a signal to the HPLC software on the 
computer, it is detected by an appropriate detector.3 

                         
3. Dapagliflozin 
Dapagliflozin is utilized in conjunction with dietary modifications and physical activity, and 
occasionally alongside additional medications, to reduce blood sugar levels in both adults and 
children aged 10 years and older who are diagnosed with type 2 diabetes (a condition 
characterized by elevated blood sugar due to the body's inability to produce or effectively use 
insulin). 4 
Mechanism of Action 
Dapagliflozin blocks the sodium-glucose cotransporter 2 (SGLT2), which is mostly located in 
the nephron's proximal tubule. Since 90% of glucose reabsorption in the kidneys is facilitated 
by SGLT2, its suppression encourages glucose excretion in the urine. People with type 2 
diabetes mellitus may lose weight as an outcome of this process, which also helps to improve 
glycemic control.5 
 

 
Figure: Dapagliflozin 



JOURNAL OF PHARMACEUTICAL ANALYSIS  

 176 

 

4.  Validation parameters recommended by FDA, USP and ICH are as follows 
a. System Suitability 
This is a crucial part of liquid chromatography methods that are used to test the 
chromatographic method's suitability, efficiency, resolution, and reproducibility for 
analysis. The system's suitability has been evaluated by calculating a number of factors, 
including peak resolution, peak tailing, number of theoretical plates, and efficiency. 
b. Accuracy 
The Accuracy of an analytical method signifies the near equivalence between the accepted 
true value or the acceptable reference value, and the obtained value. Accuracy is quantified as 
the recovery percentage, which is calculated by determining the known added analyte quantity 
(80%, 100%, 120%) within the sample, or by calculating the difference between the mean and 
the accepted true value based on the confidence interval. The International Conference on 
Harmonization (ICH) recommends measuring accuracy using a minimum of 
nine measurements across a minimum of three concentrations within the defined range (i.e., 
three concentrations and three replicates of each concentration). 
c. Linearity  
The ability of an analytical technique to yield test results that are exactly proportionate to the 
concentration of the sample analyte is known as linearity (within a specified range). The ICH 
Guideline suggests using at least five concentrations to assess linearity. The difference 
between the upper and lower levels of an analytical method is known as its range, and it is 
frequently measured using the method procedure with linearity, accuracy, and precision7. 
d. Linearity and range:  
Analytical technique linearity is the potential (within a given range) to produce test results, 
which are directly proportional to the sample analyte concentration. The ICH Guideline 
proposes a minimum of five concentrations for determining linearity. The range of an analytical 
method is the difference between the upper and lower levels often seems to be measured with 
linearity, accuracy and precision using the method procedure8. 

e. Precision 
The degree of agreement between a set of measurements derived from multiple samplings of 
the same homogeneous sample is known as the analytical method's precision. Repeatability: 
The repeatability of a test procedure is calculated by making full separate determinations of the 
same homogeneous batch of the material on specific samples and this would offer an indicator 
of the precision of the process under normal laboratory operating conditions. It is a short term 
analytical method under the same operations. 
 
f. LOD  
A single analytical limit is the lowest amount of an analyte in a sample that can 
be measured but is typically not quantified as the precise value. Usually expressed as the 
sample analyte concentration, the signal-to-noise ratio (S / N) (3:1) can be the focus of the 
LOD. 
g. LOQ 
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The smallest quantity of the sample that can be quantitatively identified with suitable accuracy 
and precision is known as the quantification limit for a particular analytical technique. 
By injecting standards that yield this S/N ratio and also have an acceptable percent relative 
standard deviation, the LOQ is usually calculated from an S/N ratio determination (10: 1).9 

h. Robustness 
An analytical procedure's robustness is a measure of its ability to withstand 
minor but intentional changes in method parameters (pH, temperature, mobile phase 
composition, and instrumental settings) and to show its dependability under typical operating 
conditions. The methodical process of determining robustness involves assessing the device's 
suitability, examining the samples to hold a parameter, and figuring out how it 
affects the process10.  
 
4. Methodology 
a. Mobile Phase: 0.01M Potassium Dihydrogen Orthophosphate and Acetonitrile (65:35 v/v) 
b. Buffer:1.36 gm of potassium dihydrogen orthophosphate in 1000 ml HPLC water, add 1 ml 

of triethylamine and adjust pH 3.8 with dilute orthophosphoric acid. 
c. Diluent: Water and Acetonitrile (50:50) 
d. Preparation of Standard Solution: Weighed accurately 25 mg of Dapagliflozin working 
standard into a 50 ml volumetric flask. Dissolve and diluted to volume with diluent. Dilute 5 
ml of this solution to 50 ml with same solvent mixture and mix. (0.05mg/ml) 
e. Preparation of sample solution: 20 tablets were ground to obtain fine powder. Equivalent 
to 10 mg of dapagliflozin sample were weighed and transferred to 200 ml of volumetric flask 
and dissolved in diluent. The flask volume was made up to mark with diluent and was shaken. 
(0.05mg/ml) 
f. Determination of Working Wavelength (λ max) 
In a 100ml volumetric flask, 10mg of the standard drug dapagliflozin is taken, dissolved 
in diluent, and the volume is adjusted to the mark. 1ml of this solution was pipetted into a 10ml 
volumetric flask, and the volume was adjusted with water to give a concentration of 10µg/ml. 
A diluent is used as a blank when scanning the above-prepared solution in the UV range of 
200–400 nm. 205nm was determined to be the λmax. A trail using a mobile phase mixture of 
buffer: acetonitrile (65:35% v/v) was deemed satisfactory following multiple initial trails using 
mixture of acetonitrile and buffer in different combinations and proportions. There were sharp 
peaks at a flow rate of 1ml/minute. Shimazu C18 column with Lab Solution software (150 x 4 
x 6 mm internal diameter, 5µparticle size). 
g. Optimum Chromatographic Conditions 

 Column: Shimadzu C18 Column (150mm ×4.6mm, internal diameter: 5µ particle size) 
 Mobile Phase: Buffer and Acetonitrile(65:35% v/v) 
 Buffer: 1.36gm Potassium Dihydrogen Phosphate in 1L water and 1ml Triethylamine 

and pH adjusted to 3.8 
 Flow Rate: 0.8 ml/minute 
 Detector:  UV-Detector 
 Injection Volume: 10µl  
 Wavelength: 205nm 
 Oven Temperature: 30ºC 
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5.  Results and Conclusion: 
The standard solutions' UV spectra were examined between 200 and 400 nm in wavelength. 
The drug's absorptivity values at the optimal wavelength were computed, and the isobestic 
point was established at 205 nm. The data on linearity were provided below. 
 
 

S.N. Concentration (µg/ml) Absorbance 

1. 10 0.060 

2. 20 0.117 

3. 30 0.184 

4. 40 0.244 

5. 50 0.301 
 

 
Fig.1: Calibration graph for Dapagliflozin 
 
The analysis of the previously discussed experimental results leads to the conclusion that the 
newly developed method for the simultaneous estimation of Dapagliflozin is simple, accurate, 
and demonstrates high resolution. The objective was to establish an HPLC method for the 
quantitative assessment of Dapagliflozin. The subsequent section presents a discussion of the 
findings and results of the study. 
The Dapagliflozin standard sample was analyzed using a UV Spectrophotometer, scanning 
wavelengths from 200 nm to 400 nm, with a fixed wavelength of 205 nm. In the context of 
HPLC, various column configurations are available. For our study, we selected the Shimadzu 
C18 Column (150mm × 4.6mm, with an internal diameter of 5µ particle size) over other 
options, as it provided excellent resolution for the Dapagliflozin peak at 205 nm. 
Specificity: The absence of a discernible peak on the bands when utilizing the formulation's 
diluent and excipients suggests a significant level of specificity for the proposed method 
Linearity: Linearity was noted across the spectrum of 80% to 120% (specifically at 80%, 90%, 
100%, 110%, and 120%). The regression coefficients (r2) were found to be 0.99985 for the 

0

0.1

0.2

0.3

0.4

0 10 20 30 40 50 60

A
bs

or
ba

nc
e

Concentration(µg/ml)

Dapagliflozin



JOURNAL OF PHARMACEUTICAL ANALYSIS  

 179 

Standard Solution and 0.99947 for the Test Solution, both of which fall well within the 
acceptable limits. 
Accuracy: The percentage recovery of Dapagliflozin was found to be between 99.19% and 
101.71%, which falls within the acceptable range, and it was noted that there was virtually no 
interference from the drug with the excipients or other medications in the formulation. 
Intermediate Precision: The assay percentages reported by three analysts were 103.80%, 
104.29%, and 104.96%, respectively. The repeatability was measured at 0.958, while the 
intermediate precision was recorded at 1.953, both of which fall within the established 
acceptance criteria. 
Robustness: This represents an additional validation parameter for the HPLC method, where 
a minor variation in the drug's retention time was noted, yet it still conformed to the acceptance 
criteria. 
The technique has been found to be user-friendly, accurate, precise, and suitable for the routine 
analysis of Dapagliflozin. The developed method is straightforward and easy to apply for 
assessing the quality and stability of Dapagliflozin Tablets. 

 
Fig.2: Diluent of Dapagliflozin 

 
Fig. 3: Linearity Curve of Standard 

y = 0.9959x - 1208.1
R² = 0.99985

-5000000

0

5000000

10000000

15000000

20000000

25000000

0 5000000 10000000 15000000 20000000 25000000

A
re

a

Concentration(%)

Dapagliflozin



JOURNAL OF PHARMACEUTICAL ANALYSIS  

 180 

 
Fig. 4: Linearity Curve of Test 
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Fig.5: Linearity of standard at 80%, 90%, 100%, 110% & 120% 
 
A completely new HPLC method has been created and approved for the analysis of 
Dapagliflozin in both bulk and pharmaceutical formulations. The method has demonstrated 
robustness, accuracy, linearity, specificity, and precision. Its suitability for estimating 
Dapagliflozin in pharmaceutical formulations was confirmed by low % RSD values and 
satisfactory recovery percentages. This technique achieves the highest recovery rates, with an 
average recovery nearing 100% for each component. The method's precision and accuracy were 
found to be acceptable. It is characterized as straightforward, accurate, and precise, making it 
suitable for routine analysis of dosage forms and stability studies involving Dapagliflozin. The 
developed method is user-friendly and facilitates the regular determination of Dapagliflozin 
and its stability. 
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