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ABSTRACT 
This research work aimed to develop a totally unique, reliable HPLC method for simultaneous estimation of Metformin 
HCl and Empagliflozin including stability studies. The chromatographic separation was made on Thermosil C18 column 
(150x4.6mm, 3.5 µ) using isocratic elution with a buffer solution of 0.1% OPA and acetonitrile in the ratio of 60:40 as with 
a flow rate of 1 ml/min at room temperature. The developed method was undergoing for different stress conditions such as 
acid alkali oxidative and photolytic degradation. The validated method was useful for the estimation of Metformin and 
empagliflozin in their tablet matrix. The maximum absorbance of the drugs was observed at wavelength 235 nm. The 
developed method was validated in the range of 5-30 μg/ml of EMP and 500-3000 ug/ml of MET. The calibration charts 
plotted were linear with a regression coefficient of R2 = 0.9998 for EMP and 0.9999 for MET. The mean recovery for 80%, 
100% and 120% standard solution was found to be from 99.95 % EMP and 99.15 % respectively. Percent RSD of Intra-
day and inter-day precision was less than 2 %. Limit of detection (LOD) and limit of quantitation (LOQ) were projected to 
be 0.6 and 0.18 ug/ml for EMP and 0.013 and 0.4 ug/ml for MET respectively. Stress degradation studies were carried out 
and more degradation were found in acidic alkali and oxidative conditions for Metformin. For empagliflozin more 
degradants were found in acidic, alkali and photolytic conditions.  The mass fragments were recorded and possible 
degradant structures were constructed. The proposed HPLC MS method found to be simple, affordable and easy for routine 
analysis conditions. During stability tests, it can be used for routine analysis of production samples and to verify degradant 
structures using mass spectrohotometric data. 
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INTRODUCTION 
Empagliflozin (EMP) is a new sodium glucose co-
transporter-2 (SGLT-2) inhibitor class of antidiabetic drug 
specified for adjunct to diet and exercise to progress 
glycemic control in adult patients with type 2 diabetes. 
IUPAC name of it is (2S,3R,4R,5S,6R)-2-[4-chloro-3-({4-
[(3S)-oxolan-3-yloxy] phenyl}methyl) phenyl]-6-
(hydroxymethyl) oxane-3,4,5-triol. The chemical structure 
of EMP was given in Figure 1.1-3 
Metformin hydrochloride (MET) is specified orally in the 
treatment of type 2 diabetes mellitus and is the drug of 
choice for overweight patients. IUPAC name of it is N,N 
Dimethylimidodicarbonimidic diamide. The chemical 
structure of  EMP was given in Fig. 2.4,5 
Combination of Empagliflozin and metformin is to treat 
high blood sugar levels caused by type 2 diabetes. 

Mechanism action of Empagliflozin is it in the kidneys to 
prevent absorption of glucose (blood sugar). This helps 
lower the blood sugar level. Metformin decreases the 
absorption of sugar from the stomach, reduces the release 
of stored sugar from the liver.6-9 

Different analytical methods have been reported in 
literature for the determination of empagliflozin metformin 
and combination with other drugs using UV-
Spectrophotometry,10-13 High performance liquid 
chromatography,14-21 High performance thin layer 
chromatography22 and Ultra performance liquid 
chromatography.23 There is no any developed HPLC MS 
method for simultaneous estimation of Metformin and 
Empagliflozin including its stability studies. 
As a result, provoked we to study the application of mass 
studies for determination of degradant found in RPHPLC 
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stability indicating method which is used for simultaneous 
estimation of Metformin and Empagliflozin.  
 
MATERIALS AND METHODS  
Instruments and Reagents 
Jasco HPLC equipped with Detector UV 2075 Plus, auto 
sampler with pump connected UV 2080 Plus and 
chromatographic analysis performed on ChromNAV data 

acquisition software. The column used was a reversed phase 
5-Hypersil Gold C18 column (250 × 4.6 mm). Mass 
spectrometer model used was 6460 triplequadrupole mass 
spectrometer. The software used was Agilent mass hunter 
workstation version 1.18.03.2.2 
Metformin and empagliflozin were supplied from Ipca 
Laborateries Ltd. Andheri, Mumbai. HPLC grade 
Acetonitrile (ACN) and methanol (Merk, Germany), 
Analytical grade orthophosphoric acid (Sigma Aldrich, 
Mumbai, India), sodium hydroxide (BDH, Germany), 
hydrochloric acid and hydrogen peroxide (Merk, Germany) 
were purchased. High purity water was obtained from 
Millipore college laboratory. 
Preparation of Solutions 
Preparation of Mobile Phase 
Accurately measured 600 ml (60%) of above 0.1 % OPA 
(ortho phosphoric acid) and 400 ml of Acetonitrile (40%) 
were mixed and degassed in an ultrasonic water bath for 10 
minutes and then vacuum filtered through 0.45 μ membrane 
filter. 
Preparation of Stock and Working Standard Solution 
1000 and 100 μg/ml methanolic stock solutions of MET and 
EMP were prepared by dissolving 100 and 10 mg of each 
drug respectively in 100 ml volumetric flasks.  Working 
standard solutions were prepared using mobile phase as 
diluents by pipette out 5,10,15,20,25 and 30 ml to get final 
concentration of 500-3000 ug/ml of MET and 50-300 ug/ml 
of EMP.24-27 

Table 1: Linearity Results of Empagliflozin and 
Metformin 
S.  
No. 

Conc  
(ug/ml) 

EMP  
area 

Conc 
(ug/ml) 

MET area 

1 5 11567.5 500 111734.5 
2 10 27908.5 1000 281908.5 
3 15 46839.5 1500 452082.5 
4 20 64657.5 2000 622256.5 
5 25 84047.9 2500 792430.5 
6 30 100128.8 3000 962604.5 
  R2 0.9998   0.9999 
  Slope 3434   327.8 
  Intercept 3465   31307 
*[n=3] 

 
Figure 1: Chemical structure of Empagliflozin 

  
Figure 2: Chemical structure of Metformin Figure 3: Representive HPLC chromatogram of 

Empagliflozin and Metformin 
 

  
Figure 4: Linearity Graph of Metformin Figure 5: Linearity Graph of Empagliflozin 

Table 2: Limit of detection and Limit of quantitation 
results 
S. No. Drugs LOD LOQ 
1 Empagliflozin 0.6 0.18 
2 Metformin 0.013 0.40 



HPLC Method for the Simultaneous Estimation of Metformin and Empagliflozin 

 
                                                         IJPQA, Volume 15 Issue 4, October - December 2024                                 Page 2768 

Acid Alkaline and Oxidative Hydrolysis 
10 ml of working standard solution were mixed with 10 ml 
of 0.1 N HCl. HCl solution for acidic degradation acid and 
10 ml of 0.1 N NaOH solutions for alkaline degradation.  
The solutions were refluxed at 60°C temperature for 3 hrs. 
After this stage the acid and alkali degraded solutions were 
neutralized with 0.1 N NaOH and 0.1 N HCl, respectively. 
10 ml of 3% hydrogen peroxide (H2O) solution was added 
into a 100 ml volumetric flask containing 10 ml sample 
solution. After sonication for 1 hr the solutions were filtered 
and injected. 
Thermal and Photo Degradation 
For thermal degradation 10 ml of working standard solution 
was transferred to 100 ml volumetric flask which was 
exposed to 105°C for 30 min in oven and another solution 

of same concentration exposed to sun light for 24 hr for 
photo degradation. Before injecting samples the resulting 
solution was diluted with mobile phase.28,29 
Methods Validation  
The developed HPLC method for the analysis of Metformin 
and Empagliflozin were validated according to Food and 

Table 3: Method Precision results for Empagliflozin 
S. No. EMP Concentration(ug/ml) Interday (Area) Intraday (Area) %RSD 
  Day-1 Day-2 Day-3 Morning Afternoon Evening  
1 10 28908.5 29567.4 27563.4 29653.3 28563.1 30654.8 0.4536 
2 20 64657.5 65437.8 66543.1 65348.2 64807.2 66134.2 0.8235 
3 30 100128.8 103123.4 102546.2 103482.7 101452.8 105087.2 1.1546 
Mean    0.8242 
*[n=3] 

Table 4: Method Precision results for Metformin 
S. No. MET Concentration(ug/ml) Interday (Area) %RSD Intraday (Area) % RSD 
  Day-1 Day-2 Day-3  Morning Afternoon Evening  
1 1000 281878.5 293657.4 275653.9 0.7823 289356.7 309863.5 30654.3 0.5932 
2 2000 622256.5 625490.2 690543.3 1.167 653048.5 641807.1 665234.8 0.7435 
3 3000 962604.5 1003183.7 1002583.8 0.8332 103482.7 101452.8 103507.3 1.5246 
Mean   0.9628  0.9537 
*[n=3] 

  

  
Figure 6: Degradation HPLC chromatogram of EMP and MET (A) Acid degradation (B) Alkaline Degradation (C) 
Oxidative degradation (D) Photolytic degradation 

Table 5: Recovery results 
S. No. % Level % Recovery of 

EMP 
% Recovery of 
MET 

1 80 98.97 99.01 
2 100 99.95 100.3 
3 120 101.02 98.6 
Mean    99.95% 99.15% 
SD   0.4327 0.1237 
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Drug Administration (FDA) and International Conference 
on Harmonization (ICH) guidelines.30,31 

To check linearity of the method calibration curve of 
concentration vs peak area was plotted. 

The concentration kept in the range between 500-3000 
ug/ml for MET and 5-30 ug/ml for EMP.  The limit of 
detection (LOD) and limit of quantification (LOQ) were 
estimated from the calibration curves based on chart 

 

 

 
Figure 7: Empagliflozin Degradants Mass spectra’s (A) EDP I (B) EDP II (C) EDP III 
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evaluation, the standard deviation of the response and the 
slope.  
Method Precision  
For precision study intra-day and inter-day precision were 
carried out of concentration 1000,2000, 3000 ug/ml of MET 
and 10,20,30 ug/ml of EMP. 
Above samples were examined on the same day for intra-
day precision. However, for inter-day precision, three 
different concentrations of samples were analyzed on three 
repeated days. 
The precision of the method was estimated by calculating 
percentage relative standard deviation (RSD) (n=3). 
Repeatability 
Repeatability of method was performed by injecting 
samples 3 times on the same day of concentration 1500 
ug/ml (MET) and 15 ug/ml (EMP) from mixed std solution. 
Peak areas were 
reported and the repeatability of method was evaluated by 
calculating percentage RSD (n=3) 
Robustness 
Robustness of method performed by changing   method 
parameters like Flow rate (±0.2 ml/min), Mobile phase 
composition(±5ml) and wavelength(±2nm). %RSD of the 
above conditions was calculated. 
Accuracy 
The accuracy of the method was determined by applying 
the drug sample of concentration 1500 ug/ml (MET) and 15 
ug/ml (EMP) added with the known amount of APIs 
corresponding to get 80%, 100% and 120%. The analysis 
was performed within triplicate and percentage recovery 
was calculated. 
Quantitative HPLC Assay for Tablet Formulation 
Weighed sample of 20 Tablets of Tab Synjardy 
(5mg/500mg EMP/MET) was powdered. An accurate 
quantity of powder equivalent to 50 mg of was weighed and 
50 ml of methanol was added. The mixed solution was 
sonicated for 30 min and volume was adjusted to 100 ml 
with methanol. From this solution,5 ml was diluted up to 50 
ml with mobile phase. The resultant solution was passed 
through a 0.45 μm syringe filter and the filtrate was injected 
by HPLC for estimation of percentage purity. 
Mass Fragmentation Studies of Degradation Samples 
The peak response obtained from the HPLC analysis of 
each degradation sample was recorded and portions were 
collected from the detector system in an organized way. The 
collected portions were further diluted using acetonitrile 
and injected in LC–MS system. The mass spectras of 
resulting samples were recorded. 
 
RESULTS AND DISCUSSION 

The proposed method was intended by optimizing the 
chromatographic parameters by pertaining to various trials 
with altering the mobile phase composition ratio, pH, 
column, column length to achieve symmetrical analyte peak 
at a satisfactorily run time. 0.1 % OPA was selected as an 
organic modifier in the mobile phase. Initially, various 
proportions of acetonitrile and water were used as the 
mobile phase for separations. 
Finally, both drug peaks with an acceptable short run time 
was achieved using acetonitrile and O.1 % OPA in buffer 
solution in a ratio of 40:60 v/v at a flow rate of 1 ml/min, 
with Thermosil C18 column (150x4.6mm, 3.5 µ) using 
isocratic elution. It was monitored at a wavelength of 235 
nm. HPLC Chromatogram given (fig.3) where 
Empagliflozin (EMP) was eluted at 3.15 min and 
Metformin (MET) at 8.32 min. 
Method Validation   
The RP-HPLC method that was carried out for validation in 
accordance to the ICH guidelines for the parameters such as 
linearity, precision, repeatability, accuracy; robustness, 
detection limit and quantitation limit. 
Linearity 
The calibration curves were plotted using six different 
concentrations against corresponding peak areas [Fig. 4 and 
5]. The graph confirmed excellent correlation between the 
concentrations and peak area when observed within the 
range of 5-30μg/ml for empagliflozin and 500-3000ug/ml 
for Metformin. The correlation coefficient for 
empagliflozin and metformin was less than one [Table 1]. 
Limit of Detection (LOD) and Limit of Quantification 
(LOQ) 
The lowest detected concentrations with suitable accuracy 
and precision (LOQ) are 0.40 and 0.18 μg/ml for MET and 
EMP, respectively. The lowest identification of 
concentrations without getting precise and accurate 
replications (LOD) were 0.13 and 0.06 μg/ml for MET and 
EMP, respectively [Table 2]. 
Method Precision 
The System and method precision of developed method 
were evaluated by relative standard deviation (RSD). 
Intraday and interday precision were calculated for 
concentration of 1000, 2000, 3000 ug/ml of MET and 10, 
20,30 ug/ml of EMP respectively(n=3). Percent RSD values 

Table 6: Robustness results of Empagliflozin and 
Metformin 
S. 
No. 

Conditions %RSD 
empagliflozin 

% RSD 
Metformin 

1 Flow Rate (±0.2ml) 0.62 0.34 
2 Wavelength (±2 nm) 0.59 0.76 
3 Mobile Phase Ratio 

(±2ml) 
0.30 0.82 

Table 7: Assay of Tablet Synjardy (5mg/500mg 
EMP/MET) 
S. No. %  Assay Empagliflozin Metformin 
1 mean* ±  

%RSD 
100.78 ±  
1.154 

100.65 ±  
1.202 

*[n=3] 

Table 8: Forced degradation results of Empagliflozin and 
Metformin 
S. 
No. 

Degradation condition  
 

Empagliflozin Metformin 

1 Acid degradation  6.05 8.73 
2 Alkali degradation  4.78 9.11 
3 Oxidative degradation  7.95 3.95 
4 Photolytic degradation  9.98 1.02 
5 Thermal degradation  0.4 0.8 
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for intraday and intermediate precisions are given in Table 
which did not go beyond than 1.23% [Table 4 and 5]. 
Accuracy  
Accuracy was performed by standard addition method at 
level 80,100 and 120 % for each drug respectively. The area 
of each level was used for calculation percentage accuracy. 
The % recovery was found to be 99.15% for Metformin and 
99.95% for Empagliflozin respectively. The results are 
given in table which is within limit 98% -102% [Table 6]. 
Robustness  
A small variation in the flow rate (± 0.2 ml/min), 
wavelength (± 2nm) and organic phase composition by ±5 
ml variations showed no significant changes in the 
chromatographic parameters. This given data confirming 
the developed method to be robust [Table 7]. 
Assay 
The assay content for matrix Tablet formulations was 
observed within prescribed limits. Results are given in 
[Table. 8]. 
Degradation Studies 
Force degradation studies were revealed that both drugs 
undergo degradation in acidic, alkaline and oxidative stress 
conditions. Metformin was found stable under thermal and 
photolytic degradation. The developed method was not only 
able to calculate percent degradation but also identify 

degradation products. Forced degradation parameters, 
stress conditions and % degradation was represented [Table 
9]. 
LC–MS Study and Predication of Possible Degradant 
Structures 
Mass spectrum of degradation products were analysed 
using LCMS instrument on electro spray ionization mode 
provided molecular mass chromatogram of degradation 
products. Mol mass of degradation products were used to 
interpret the possible degradation structures of Metformin 
and Empagliflozin given as below. 
Empagliflozin Degradation Products 
Degradation above 5% is to be considered for LCMS 
studies. The acidic degradation of empagliflozin reached 
6.05% degradation in 0.1 M HCl, respectively. At the same 
time, empagliflozin was observed much degradation 
behaviour in oxidative conditions, because its degradation 
in 3% H2O2 was determined as 7.95%. Empagliflozin 
shown more degradation in photolytic condition i.e up to 
10% degradation [Fig. 7]. 
EMP-I 
Degradation peak observed during 0.1 N HCl was further 
carried out for mass studies degradation product formed due 
to releasing the tetrahydrofuran moiety of EMP 
EMP-II 
Alkaline degradant product was formed due to sites of 
unsaturation which was based on the MS/MS 
fragmentation. The fragments of DP9 have been detected at 
m/z 221, m/z 237, m/z 283, and m/z 251 from this data 
suggested the elemental composition is C23H24ClO7. 
EMP-II  
In photolysis the mass difference observed from parent drug 
molecule which was formed by attaching additional new 
hydroxyl group and a chlorine. The product ions of DP12 
observed at m/z 297, m/z, 273 m/z 417, m/z 327 
Metformin Degradation Products 
Degradation above 5% is to be considered for LCMS 
studies. The acidic degradation of metformin reached 
8.73% degradation in 0.1 M HCl, respectively. At the same 
time, metformin was observed slightly degradation 
behaviour in oxidative conditions, because its degradation 
in 3% H2O2 was determined as 3.95%. However, metformin 
curved out labile in the alkaline medium, where its 
degradation accomplished up to 9.11% in 0.1 M NaOH. 
According to some information from the literature, 
metformin occurred equal degradation in acidic and 
alkaline medium with the degradation of 6–8% and 4.5–
6.5%, respectively. In the present study, the oxidative 
degradation in the range of 3.95-5.97% was stated, which 
showed slight sensitivity of the drug towards oxidants [Fig 
8]. 
MDP-I 
The degradation peak observed during acidic degradation 
of MET using 0.1 N HCl was further studied for LC MS 
analysis (MDP-I). In LC–MS, the peak was obtained shown 
in Figure 8 at mass to charge ratio of ‘103.2448’ which is 
formed due to signal of parent drug at m/z 130 gradually 
decreasing and the formed degradant m/z 103 matching the 
guanylurea that presented in chromatogram. 
MDP-II 

 

 

 
Figure 8: Metformin Degradants Mass spectra’s (A) MDP 
I (B) MDP II (C) MDP III 
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The degradation peak observed during acidic degradation 
of MET using 0.1 N NaOH was further studied for LC MS 
analysis (MDP-II). 
Thus, elimination of one methyl group or both methyl 
groups at the terminal nitrogen atom was proved the 
decomposition of metformin at m/z 126.0543 which results 
in formation of 1,3,5-triazine-2,4,6-triamine. 
MDP-III 
The degradation peak observed during oxidative 
degradation of MET using 3% H2O2 was further studied for 
LC MS analysis (MDP-III). 
A sharp peak was observed at m/z 114.985 observed due to 
fragment formation of methylbiguanide. 
 
CONCLUSION 
A simple, precise, accurate and sensitive for the 
simultaneous estimation of Metformin and Empagliflozin 
has been developed and validated. Hence, this method can 
easily implement for routine quality control analysis of 
Metformin and Empagliflozin in bulk and its 
pharmaceutical dosage forms. Forced degradation study is 
helpful to check chemical stability of both metformin and 
empagliflozin. The identification and proposed structure of 
degradation products are first reported in this paper. It is 
supposed that the conclusions included herein would be 
advantage for process development for high quality of API. 
It is also useful to optimize the process for drug molecule 
that contains gliflozin moiety in antidiabetic drugs. 
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