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Development and Validation of Stability Indicating RP-HPLC Method 
for the Simultaneous Estimation of Dapagliflozin Propanediol and 
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Introduction
Diabetes mellitus is a chronic metabolic disorder 
characterized by a high blood glucose concentration-
hyperglycemia (fasting plasma glucose >7.0 mmol/L, 
or plasma glucose >11.1 mmol/L, 2 hours after a meal)-
caused by insulin deficiency, often combined with insulin 
resistance. Hyperglycaemia occurs because of uncontrolled 
hepatic glucose output and reduced glucose uptake by 
skeletal muscle with reduced glycogen synthesis.[1] Type 2 
diabetes, previously referred to as “noninsulin-dependent 
diabetes” or “adult-onset diabetes,” accounts for 90–95% of 
all diabetes. This form encompasses individuals who have 
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Rapid, precise, accurate, specific and simple stability indicating RP-HPLC method was developed for 
simultaneous estimation of dapagliflozin propanediol (DAPA) and metformin hydrochloride (MET) in its 
tablet dosage form. The method was performed on a column C8 Thermoquest, hypersil division of dimension 
250 × 4.60 mm having particle size 5 micron. The mobile phase used in the method was 10 mM ammonium 
acetate buffer (pH-4), methanol, and acetonitrile in a proportion of 30:65:05, respectively. The drug was 
subjected to acid and alkali hydrolysis, oxidation, photolysis and heat as stress conditions. The method was 
validated for specificity, linearity, range, precision, accuracy, robustness, LoD, LoQ and system suitability. 
The flow rate was maintained at 0.8 mL/min and effluent was monitored at 227 nm. The retention time 
were observed 5.988 minutes and 4.661 min for DAPA and MET, respectively. The standard curve was found 
linear over range of 60-140 μg/mL for DAPA and 300-700 μg/mL for MET with a correlation coefficient 
of 0.9996 for DAPA and 0.9994 for MET. The limit of detection (LoD) of this method was 1.121 μg/mL 
for DAPA and 6.162 μg/mL for MET. The limit of Quantitation (LoQ) of this method was 3.396 μg/mL for 
DAPA and 18.674 μg/mL for MET. The percentage recovery was found to be in the range of 98–102% at 
three different levels of standard addition. The precision (repeatability, intra-day and inter-day) of the 
method was within the limit (RSD < 2%). Degradation products produced because of stress studies did 
not interfere with DAPA and MET detection, and the assay can thus be considered stability-indicating. The 
combination tablet was successfully analyzed using the developed method.
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relative (rather than absolute) insulin deficiency and have 
peripheral insulin resistance.[2] Anti-diabetic drugs are 
medicines developed to stabilize and control blood glucose 
levels amongst people with diabetes. Anti-diabetic drugs 
are commonly used to manage diabetes.[3] Patients with 
type 2 diabetes (T2D) often require multiple anti-diabetic 
agents to achieve and maintain glycemic control because 
of the progressive nature of the disease.[4] A stability 
indicating method (SIM) is defined as a validated analytical 
procedure that accurately and precisely measures active 
ingredients (drug substance or drug product) free from 
process impurities, excipients and degradation products.[5]
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The Dapagliflozin Fig. 1 is chemically known as (1s)-1, 5- 
anhydro- 1- C- [4- chloro- 3- [(4-ethoxyphenyl) methyl] 
phenyl]-D-glucitol. It has a molecular formula of C24H33ClO8 
with molecular weight 408.98 g/mol. Dapagliflozin is 
a selective sodium-glucose Co- Transporter 2 inhibitor 
(SGLT 2). It acts by reducing the reabsorption of glucose 
by the kidney, leading to excretion of excess glucose in the 
urine, thereby improving glycemic control in patients with 
type 2 diabetes mellitus.[6]

Metformin hydrochloride Fig. 2 is chemically known 
as 1, 1-dimethylbiguanidine monohydrochloride. It has a 
molecular formula of C4H11N5. HCl with molecular weight 
165.63 g/mol. It is an anti-diabetic drug from the biguanide 
class of oral hypoglycaemic agents, given orally in the 
treatment of non –insulin-dependent diabetes mellitus. 
Major action of metformin HCl is in increasing glucose 
transport across the cell membrane in skeletal muscle.[7]

A Survey of literature revealed that few methods have 
been reported for simultaneous DAPA and MET estimation 
by UV Spectrophotometric[8] and RP-HPLC methods.[9] 
Two methods are available in the literature for stability-
indicating assay of DAPA and MET in combination by using 
a non-volatile buffer in mobile phase.[10-11] However, as 
per our knowledge, the stability-indicating assay method 
of DAPA and MET combined with a volatile buffer in the 
mobile phase has not been reported till date. Use of volatile 
buffer in the mobile phase is necessary for a further study 
like Liquid Chromatography mass spectrometry (LC-MS). 
The aim of the present work was to develop an easy, 
economical, accurate, and specific stability-indicating 
assay method in a volatile buffer for simultaneous 
estimation of DAPA and MET in combined pharmaceutical 
formulation. The developed method was validated as per 
ICH guidelines.[12]

Materials and Methods 

Chemicals and Reagents
Morepen Laboratories Ltd., Baddi gifted pure drug sample 
of DAPA, and MET was gifted by Harman Finochem Ltd., 
Mumbai. The gift samples were used as standard without 
any purification. OxtrametTM XR tablets (Astra Zeneca 

Pharmaceuticals LP) containing dapagliflozin propanediol 
monohydrate equivalent to dapagliflozin (10 mg) and 
metformin hydrochloride (500 mg) were procured from 
the local drug market. Methanol (HPLC grade), acetonitrile 
(HPLC grade), water (HPLC grade), and glacial acetic acid 
were procured from Finar Ltd. Ammonium acetate and 
Sodium Hydroxide were procured from Merck Specialities 
Pvt. Ltd. Hydrochloric acid was procured from Rankem. 
Hydrogen Peroxide was procured from Neelkanth Pharma. 

Instrumentation
A High-performance liquid chromatograph agilent infinity 
1260 chromatographic system equipped with 1260 Quat 
Pump VL and PDA detector was used. Samples were 
injected at 20 μL. The column C8 Thermoquest, hypersil 
division (250*4.60 mm, 5 μm particle size) was used. 
Data acquisition and integration was performed using EZ 
Chrom software.

Preparation of Mobile Phase 
Accurately weighed 0.77 g of Ammonium Acetate was 
transferred into a 1000 mL volumetric flask and about 950 
mL of water was added. The mixture was sonicated and 
finally diluted with water up to 1000 mL. Then pH 4 was 
adjusted with Glacial Acetic Acid. This buffer was filtered 
through 0.45 micron filter paper to remove particulate 
matter and mixed with methanol and acetonitrile in the 
ratio of 30:65:05 into a mobile phase bottle. The prepared 
mixture was sonicated for 5 minutes in ultrasonic bath for 
degassing and then used as the mobile phase.

Preparation of Diluent
Based on the drugs' solubility, diluent was selected, 
Methanol and Water taken in the ratio of 50:50. 

Preparation of Standard Stock Solutions
Accurately weighed dapagliflozin propanediol (30.75 mg 
equivalent to 25 mg dapaglif lozin) and metformin 
Hydrochloride (25 mg) was transferred to individual 25 mL 
volumetric flask. The drug was dissolved in methanol with 
sonication and the final volume was adjusted with Methanol 
up to mark to prepare a 1000 μg/mL stock solution.

Preparation of Standard Working Solutions
From the standard stock solution of DAPA, an accurately 
measured 1 mL and from the standard stock solution of 
MET, an accurately measured 5 mL aliquot transferred 
into 10 mL volumetric flask and final volume was adjusted 
with diluent up to mark to prepare 100 μg/mL of DAPA and 
500 μg/mL of MET respectively.

Preparation of Solutions for Construction of the 
Calibration Curve
From stock solutions aliquots ranging from 0.6 to 1.4 
mL for DAPA and 3–7 mL for MET were taken in 10 mL 
volumetric flasks respectively, sufficient amount of diluent 
was added and sonicated, then the volume was made 

Fig. 1: Dapagliflozin

Fig. 2: Metformin Hydrochloride
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up to 10 mL with diluent that gave final concentrations 
60, 80, 100, 120, 140 μg/mL of DAPA and 300, 400, 500, 
600, 700 μg/mL of MET as standard solution of mixtures 
respectively.

Preparation of Sample Solution
20 tablets were weighed accurately and finely powdered. 
Powder exactly equivalent to 250 mg of MET and 5 mg 
DAPA was transferred to a 25 mL volumetric f lask. 
The powder was dissolved in 20 mL of Methanol with 
sonication for 15 minutes and volume was made up with 
Methanol. The solution was filtered through Whatman 
filter paper (No. 42) to get a stock sample solution. An 
aliquot of 5 mL was pipetted out of a stock sample solution 
and diluted up to 10 mL with diluent to obtain 100 μg/mL 
DAPA (Dilution-1: for estimation of DAPA). An aliquot of 
1 mL was taken from the above solution and diluted up to 
10 mL with diluent to obtain 500 μg/mL MET (Dilution-2: 
for estimation of MET). These solutions were injected into 
the chromatographic system to obtain a chromatogram, 
which was quantified for DAPA and MET.

Method Development and Optimization 
The main target of the chromatographic method is to 
get the separation of closely eluting drugs DAPA and 
MET. The chromatographic separation was achieved on a 
stainless-steel column C8 thermoquest, hypersil division 
with dimension 250 mm × 4.60 mm having particle size 
5 micron. The mobile phase used in the method was 
10 mM Ammonium Acetate buffer (pH-4), Methanol and 
Acetonitrile in a proportion of 30:65:05, respectively. 
The flow rate of the mobile phase was maintained at 
0.8 mL/min. In the optimized conditions, DAPA and MET 
were well separated with a good resolution and the typical 
retention times of DAPA and MET were about 5.988 minutes 
and 4.661 minutes, respectively. The chromatogram of an 
optimized method for standard drugs individual as well as 
in binary mixture and for the sample as shown in Figs 3-7. 
The developed RP-HPLC method was validated.[12]

Force Degradation Study
The forced degradation studies under the conditions of 
acid, alkali, neutral, hydrogen peroxide, dry heat and 
sunlight were performed.

Acidic Degradation of Sample
Twenty tablets were weighed accurately and finely 
powdered. Powder exactly equivalent to 10 mg of DAPA 
and 500 mg of MET was dissolved in 20 mL Methanol, 
and 5 mL of 1 N Methanolic HCl was added. Refluxing the 
solution was carried out heated for 1 hour at 60°C. Then 
neutralization of the solution was done with 5 mL of 1 
N Methanolic NaOH. The resultant solution was diluted 
up to 50 mL with Methanol. The solution was filtered 
through Whatman filter paper (No. 42). An aliquot of 5 
mL was taken from above solution and diluted up to 10 
ml with diluent to obtain 100 μg/mL DAPA (Dilution-1: for 

estimation of DAPA). An aliquot of 1 mL was taken from 
the above solution and diluted up to 10 mL with diluent to 
obtain 500 μg/mL MET (Dilution-2: for MET estimation) 
analyzed by HPLC as shown in Figs 8 and 9.

Alkaline Degradation of Sample
Twenty tablets were weighed accurately and finely 
powdered. Powder exactly equivalent to 10 mg of DAPA 

Fig. 4: Chromatogram of MET

Fig. 3: Chromatogram of DAPA

Fig. 5: Optimized Chromatogram for binary mixture (DAPA -Rt 
5.987 min and MET-Rt 4.653 min)

Fig. 6: Chromatogram of sample for DAPA

Fig. 7: Chromatogram of sample for MET

Fig. 8: Acid degradation in sample for DAPA
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and 500 mg of MET was dissolved in 20 mL Methanol, 
and 5 mL of 1 N Methanolic NaOH was added. Refluxing 
the solution was carried out heated for 1-hour at 60°C. 
Then neutralization of the solution was done with 5 mL 
of 1 N Methanolic HCl. The resultant solution was diluted 
up to 50 mL with Methanol. The solution was filtered 
through Whatman filter paper (No. 42). An aliquot of 5 mL 

was taken from above solution and diluted up to 10 mL 
with diluent to obtain 100 μg/mL DAPA (Dilution-1: for 
estimation of DAPA). An aliquot of 1 mL was taken from 
the above solution and diluted up to 10 mL with diluent to 
obtain 500 μg/mL MET (Dilution-2: for MET estimation) 
analyzed by HPLC as shown in Figs 10 and 11.

Oxidative degradation of sample
Twenty tablets were weighed accurately and finely 
powdered. Powder exactly equivalent to 10 mg of DAPA 
and 500 mg of MET was dissolved in 20 mL Methanol and 
5 mL of 6% H2O2 was added and kept for 24 hours at Room 
temperature. The solution was diluted up to 50 ml with 
Methanol. The solution was filtered through Whatman 
filter paper (No. 42). An aliquot of 5 mL was taken from 
above solution and diluted up to 10 mL with diluent to 
obtain 100 μg/mL DAPA (Dilution-1: for estimation of 
DAPA). An aliquot of 1 mL was taken from the above 
solution and diluted up to 10 ml with diluent to obtain 
500 μg/mL MET (Dilution-2: for estimation of MET) and 
analyzed by HPLC as shown in Figs 12 and 13.

Neutral Degradation of Sample
Twenty tablets were weighed accurately and finely 
powdered. Powder exactly equivalent to 10 mg of DAPA 
and 500 mg of MET was dissolved in 20 mL Methanol. 
Refluxing the solution was carried out heated for 1 hour at 
60°C. The resultant solution was diluted up to 50 mL with 
Methanol. The solution was filtered through Whatman 
filter paper (No. 42). An aliquot of 5 mL was taken from 
the above solution and diluted up to 10 mL with diluent 
to obtain 100 μg/mL DAPA (Dilution-1: for estimation 
of DAPA). An aliquot of 1 mL was taken from the above 
solution and diluted up to 10 mL with diluent to obtain 
500 μg/mL MET (Dilution-2: for MET estimation) analyzed 
by HPLC as shown in Figs 14 and 15.

Thermal Degradation of Sample
Twenty tablets were weighed accurately and finely 
powdered. Powder was kept at 60°C for 8 hours. Powder 
exactly equivalent to 10 mg of DAPA and 500 mg of MET 
was dissolved in 20 mL Methanol. The resultant solution 
was diluted up to 50 mL with Methanol. The solution was 
filtered through Whatman filter paper (No. 42). An aliquot 
of 5 mL was taken from above solution and diluted up to 
10 mL with diluent to obtain 100 μg/mL DAPA (Dilution-1: 
for estimation of DAPA). An aliquot of 1 mL was taken from 
the above solution and diluted up to 10 mL with diluent 

Fig. 15: Neutral degradation in sample (for MET)

Fig. 14: Neutral degradation in sample (for DAPA)

Fig. 13: Oxidative degradation in sample (for MET)

Fig. 12: Oxidative degradation in sample (for DAPA)

Fig. 9: Acid degradation in sample for MET

Fig. 10: Alkaline degradation in sample (for DAPA)

Fig. 11: Alkaline degradation in sample (for MET)
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to obtain 500 μg/mL MET (Dilution-2: for estimation 
of MET) and analyzed by HPLC as shown in Figs 16  
and 17.

Photo Degradation of Sample
Twenty tablets were weighed accurately and finely 
powdered. The powder was kept in sunlight for 7 days. 
Powder exactly equivalent to 10 mg of DAPA and 500 mg 
of MET was dissolved in 20 mL Methanol. The resultant 
solution was diluted up to 50 mL with Methanol. The 
solution was filtered through Whatman filter paper (No. 
42). An aliquot of 5 mL was taken from the above solution 
and diluted up to 10 mL with diluent to obtain 100 μg/mL 
DAPA (Dilution-1) to estimate DAPA). An aliquot of 1 mL 
was taken from the above solution and diluted up to 10 
ml with diluent to obtain 500 μg/mL MET (Dilution-2: for 
estimation of MET) and analyzed by HPLC as shown in 
Figs 18 and 19.

Results and Discussion

Results of Forced Degradation Studies 
The results of the forced degradation studies indicated 
the specificity of the method that has been developed. The 
DAPA was stable in photolytic, thermal, and neutral stress 
conditions. Metformin was stable in all stress conditions. 
The results of forced degradation studies are shown in 
Table 1.

Results of Method Validation
The objective of validation of an analytical procedure is 
to demonstrate that it is suitable for its intended purpose. 
The developed method was validated as per International 
Council for Harmonisation (ICH) guidelines.[12]

Specificity 
Specificity is the ability to assess the analyte unequivocally 
in the presence of components which may be expected 
to be present. Method specificity was determined by 
observing and comparing the test results obtained for 
sample solution (containing excipients) with standard 
results obtained for a pure drug. The chromatogram of 
pure drugs and sample is shown in Figs 3-7.

System Suitability parameters
System suitability parameters were studied to verify 
the optimum conditions. The system suitability test was 
performed as per USP guidelines on the chromatograms. 
Different parameters were evaluated such as retention 
time, resolution, tailing factor, theoretical plates. The 
results obtained are summarized in Table 2. 

Linearity and Range
The linearity of an analytical procedure is its ability 
(within a given range) to obtain test results that are 
directly proportional to the concentration of an analyte 
in the sample. Minimum five concentrations analyzed 
for linearity study. A linear response was obtained in 

Fig. 16: Thermal degradation in sample (for DAPA)

Fig. 17: Thermal degradation in sample (for MET)

Fig. 18: Photo degradation in sample (for DAPA)

Fig. 19: Photo degradation in sample (for MET)

Table 1: Results of forced degradation study

Type of degradation Degradation condition

% Degradation

DAPA MET

Acid degradation 1 N HCl for 1 hour at 60 °C 20.67 0.74

Alkali degradation 1 N NaOH for 1 hour at 60 °C 18.51 0.52

Oxidative degradation 6% H2O2 for 24 hours at RT 19.89 0.26

Neutral degradation 1 hour at 60 °C 0.29 0.19

Thermal degradation 8 hours at 60 °C 0.54 0.52

Photolytic degradation 7 days in sunlight 0.60 0.25
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concentrations range of 60–140 μg/mL for DAPA and 
300–700 μg/mL for MET. All the solutions were injected, 
chromatograms were recorded and it was repeated 
for five times. The linearity graphs were plotted using 
concentration Vs peak area and a regression equation 
was derived. The proposed RP-HPLC method showed 
good linearity with the correlation coefficient, slope, and 
intercept, 0.9996, 131679, and -16149 for DAPA, 0.9994, 
1,64,861.59, and 8,13,582.50 for MET, respectively, as 
shown in Figs 20 and 21.

Accuracy
The accuracy of the method was determined by recovery 
experiments using the standard addition method. The 
80, 100, and 120% of standard solution were added to a 
solution of a Tablet. For the two drugs, the recovery studies 
were performed in triplicate and percentage recovery was 
calculated. The results found are shown in Table 3. 

Precision 
The precision of an analytical procedure expresses the 
closeness of agreement between a series of measurements 
obtained from multiple sampling of the same homogeneous 
sample under the prescribed conditions. The precision of 
the method was determined as Repeatability, Intra-day, 
and Inter-day. The experiment was repeated 6 times for 
single concentration at a time for repeatability, three times 
in a day for intra-day and on 3 different days for inter-day 
precision for three different concentrations and results 
were reported as % RSD. The results found are shown in 
Table 4. From the data obtained, the developed RP-HPLC 
method was found to be precise.

Robustness
The robustness of an analytical procedure is a measure of 
its capacity to remain unaffected by small but deliberate 

variations in method parameters and indicate its 
reliability during normal usage. Robustness of the method 
was studied by deliberate variation in method parameters 
like changes in flow rate, mobile phase ratio, and the mobile 
phase's pH. It was concluded that method is robust enough 
and will provide accurate results in normal quality control 
labs even if there is some sort of experimental error by 
humans or systems. None of the modifications caused a 
significant change peak area % RSD. The results found 
are shown in Table 5.

Limit of Detection (LoD) and  
Limit of Quantitation (LoQ)
The LoD is defined as the lowest concentration of an 
analyte that an analytical process can reliably differentiate 

Table 3: Recovery from tablet

% SPIKED

Theoretical amount
(μg/mL)

Amount found*
(μg/mL) % Recovery ± %RSD

DAPA MET DAPA MET DAPA MET

80% 80 400 80.52 400.32 100.65 ± 0.746 100.08 ± 0.487

100% 100 500 99.78 501.67 99.78 ± 0.558 100.33 ± 0.504

120% 120 600 120.04 594.73 100.04 ± 0.415 99.12 ± 0.696

Avg. 100.15 ± 0.573 99.85 ± 0.562
*Average of three experiments.

Table 2: System suitability parameters validated RP-HPLC method

Parameter

Data obtained* ± %RSD

DAPA MET

Retention time (min) ± %RSD 5.988 ± 0.041 4.661 ± 0.099

Theoretical plate per meter ±%RSD 5104 ± 0.553 2704 ± 0.691

Tailing factor ± %RSD 0.953 ± 0.597 1.514 ± 1.705

Resolution ± %RSD 3.848 ± 0.324 -
*Average of six experiments.

Fig. 20: Calibration curve for DAPA in binary mixture

Fig. 21: Calibration curve for MET in binary mixture
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from background levels. The LoQ is defined as the lowest 
concentration of the standard curve that can be measured 
with acceptable precision and accuracy. The LoD and LoQ 
of DAPA and MET were determined by using the slope 
of the calibration curve and standard deviation (SD) of 
intercept. The calibration curve was repeated five times 
and the SD of the intercepts was calculated. Then LoD and 
LoQ were measured as, LoD = 3.3*SD/slope of calibration 
curve and LoQ = 10*SD/slope of a calibration curve. The 
LoD was 1.121 μg/mL for DAPA and 6.162 μg/mL for MET. 
The LoQ was determined as 3.396 μg/mL for DAPA and 
18.674 μg/mL for MET.

Assay of marketed sample
The two drugs combined dosage formulation OxtrametTM 
XR tablets (Astra Zeneca Pharmaceuticals LP) is purchased 

from local pharmacy and analyzed using the proposed 
method. For the analysis, three replicates were assayed. 
The mean peak area of each drug was calculated, and the 
drug content in the sample was quantified. The results 
found are shown in Table 6.
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