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ABSTRACT 

A simple, rapid and highly sensitive and selective liquid 

chromatography-mass spectrometry (LC–MS) method was developed 

and validated for the simultaneous estimation of the recently approved 

oral hypoglycemic mixture of metformin (MET), canagliflozin (CFZ), 

empagliflozin (EFZ) and dapagliflozin (DFZ) in pharmaceutical 

dosage form. The sepration was carried out on column Acquity BEH 

C18 (50mm, 2.5mm, 5µm) as mobile phase of Line A: 5mM 

ammonium acetate in 0.1%formic acid in water and Line B:0.1% 

formic acide in acetonitrile. The isocratic ratio A:B=10:90v/v with 

flow rate 5.5ml/min. LC-MS method in using system ID is water’s 

UPLC H-class with PDA and SQD mass detector. The describe LC-MS method was linear 

over a concentration range of MET, DFZ, EFZ and CFZ were found to be  5-30µg/ml, 1-5 

µg/ml, 2-10µg/ml and 5-30µg/ml respectively. The retention times of MET, DFZ, EFZ and 

CFZ were found to be 1.16, 1.25, 1.39 and 1.83min respectively theoretical plate count as per 

ICH limits. The limit of detection is achieved on lowest level for making sensitive and robust 

method for simultaneous assay analysis. The LC-MS method was validated and was 

successfully employed for the analysis of pharmaceutical formulation containing Metformin, 

Dapagliflozin, Empagliflozin and Canagliflozin in combined tablet dosage form. 
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INTRODUCTION 

The term Diabetes mellitus (DM) is one of the most common chronic disease occurring all 

over the world. The diabetes mellitus is describes a metabolic disorder of multiple aetiologies 

characterized by chronic hyperglycemia with the change in the levels of carbohydrate, fats 

and protein metabolism resulting from dysfunction in insulin secretion from pancreas and 

insulin action or both. The modern sedentary lifestyle has led to reduced physical activity 

which reduces the metabolism in the body and there by enhancing the diabetic conditions. 

There are two types of diabetes mellitus.(i) Type I diabetes mellitus (T1DM), insulin- 

dependent diabetes mellitus, and (ii) Type II diabetes mellitus (T2DM), non-insulin-

dependent diabetes mellitus.
[1]

 The filtering and reabsorbing glucose in the proximal tubules 

are inhibited by these drugs, occurs in the kidneys, where in they play an important role in 

glucose homeostasis. There are other advantages include decrease in systolic blood pressure 

and  reduction in weight loss with a low risk of hypoglycemia.
[2]

  

 

Metformin: Metformin (MEF), chemically known as (3-(diaminomethylidene)-

1,1dimethylguanidine), is recommended for most patients are in “first-line therapy”. 

Metformin is a biguanide that acts directly against insulin resistance and regarded as an 

insulin sensitizing drug. It is in addition they have high efficacy and low susceptibility for 

hypoglycemia and weight neutrality.
[3]

 Metformin is an effective biguanide that has been 

used to control blood -glucose level in type II diabetics patients for long time.It has been 

considered the first line treatment according to international guidelines. Activation of AMPK 

are key molecular effects of metformin to inhibit hepatic gluconeogenesis. Metformin on the 

other hand can directly and indirectly improve skeletal muscle sensitivity towards insulin.
[4]

 

Metformin is found in most of the antidiabetic combinations as it doesn't interact with the 

liver and short half-life and also support weight loss especially for obese patients and controls 

associated lipid disorders.
[5] 

 

 

Figure 1: Metformin. 

https://en.wikipedia.org/wiki/File:Metformin.svg
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Dapagliflozin: Dapagliflozin is a chemically known as (2S, 3R, 4R, 5S, 6R)-2-{4- chloro 

3(4ethoxyphenyl) methyl]phenyl}- (hydroxymethyl) oxane-3,4,5-triol. It is a sodium-glucose 

co-transporter 2 inhibitor, which inhibits glucose retention in the kidney. It has a molecular 

formula of C21H25ClO6, which correspondence molecular weight of 408.13.
[15]

 It is a white 

crystalline solid powder, having solubility in organic solvents like DMSO 

dimethylformamide and ethanol. Dapagliflozin is not official in any Pharmacopoeia as of 

now. They are very few analytical methods have been reported so far.
[16]

 Dapagliflozin 

administration has been decreases in BP(Blood pressure) and body weight. Therefore, dose-

related increases in haematocrit and decreases in creatinine clearance were seen in treatment 

of dapagliflozin-treated patients.
[17]

 Recently, that SGLT2 inhibitors (canagliflozin, 

dapagliflozin and empagliflozin) have been developed and validated as novel group  of 

therapeutic agents for the treatment of type 2 diabetes. Which block the reabsorption and 

promote excretion of excess glucose in the urine in kidney. Morever this mechanism these 

drugs liability help control hyperglycaemia insulin independent pathways. Important article 

was reported, this article accentuates various analytical methods for the estimation of 

metformin in pharmaceutical formulations and in biological matrices. Several LC-MS 

methods were described for simultaneous determination of some of the cited drugs in their 

drug products. Those literature survey revealed several Liquid Chromatographic methods for 

determination of metformin & canagliflozin, metformin & dapagliflozin and metformin & 

empagliflozin in their drug products.
[9]

 

 

 

Figure 2: Dapagliflozin. 

 

Empagliflozin: Empagliflozin (EMP), chemically name as (2S,3R,4R,5S,6R)-2-[4-chloro-3-

[[4-[(3S)- oxolan-3-yl] oxyphenyl] methyl] phenyl]-6-(hydroxymethyl) oxane- 3,4,5-triol.
[13]

 

Empagliflozin (EMPA) is a strong and selective sodium glucose cotransporter 2 (SGLT2) 

inhibitor for treatment of type 2 diabetes. There are class of drugs decreases plasma glucose 

levels in an insulin-independent patient. EMPA had the highest selectivity for anyother 
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hypoglycemic drugs in the same class. The molecular formula is C23H27ClO7, which 

compatibility to a molecular weight of 450.91. EMPA is sparingly soluble in water. EMPA is 

commercially attainable, but is currently not included in any pharmacopoeia, but that is no 

analytical method has been reported for quantitative analysis of the drug in the presence of 

degradation products and synthetic impurities. Empagliflozin is summarily absorbed with a 

mean terminal elimination half-life (t1/2). Thereafter, this method was validated and 

developed to successfully applied to separate and identify degradation products.
[14] 

  

 

Figure 3: Empagliflozin. 

 

Canagliflozin: Canagliflozin (CFZ); chemically named as (2S,3R,4R,5S,6R)-2-(3-{[5-(4-

fluorophenyl)thiophen- 2-yl]methyl}-4-methylphenyl)-6-(hydroxymethyl)oxane-3,4,5-triol.
[6] 

Canagliflozin is a  sodium–glucose cotransporter 2 –inhibitors (SGLT2i). Sodium–glucose 

cotransporter 2 –inhibitors are oral glucose-lowering drugs.That are used for the treatment of 

type 2 diabetes.
[7]

 Canagliflozin reduces reabsorption of filtered glucose and lowers the renal 

threshold for glucose (RTG) and thereby increases urinary glucose excretion. It is used 

together with diet and exercise.
[8]

  These drugs may help control glycaemia independently of 

insulin pathways.
[9]

 They are high doses CFZ can also inhibit SGLT1 and found in the 

intestine and delay postprandial glucose absorption.
[10]

 After oral administration, 

canagliflozin is rapidly absorbed and peak plasma concentrations were achieved in 1-2 h with 

an oral bioavailability of 65%.
[10]

 Canagliflozin is a novel class of hypoglycemic agent, 

pharmacokinetic, pharmacodynamic and drug–drug interaction investigations of SGLT2 

inhibitors are needed to facilitate satisfactory clinical outcomes. They support these are 

investigations a sensitive and simple analytical method is required for the measurement of 

canagliflozin samples.
[11]

 Canagliflozin is white crystalline powder, slightly soluble in water, 

odorless and freely soluble in acetonitrile and also methanol.
[12]

  

https://en.wikipedia.org/wiki/File:Empagliflozin.svg
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Figure 4: Canagliflozin. 

 

This study describes a new highly sensitive, rapid, simple, accurate, precise, reproducible, 

economical and stable chromatographic method for the determination of Metformin, 

Dapagliflozin, Empagliflozin and canagliflozin in pharmaceutical formulation. 

 

MATERIALS AND METHODS 

Instrumentation 

The LC-MS method development and validation of forced degradation studies were done by 

using the UPLC-MS system. LC-MS method seprations of Metformin, Dapagliflozin, 

Empagliflozin and Canagliflozin were performed on a Acquity BEH series equipped with a 

quaternary LC-MS pump an autosampler with volume injection system, column ovens 

(compatible with 50mm length column) and PDA detector. The quadrupole mass analyser 

system was equipped with an electrospray ionization (ESI) source, operating in positive 

ionization mode. The system ID used to water’s UPLC H-class and SQD mass detector and 

data acquisition. LC-MS sepration of Metformin, Empagliflozin, Dapagliflozin and 

Canagliflozin was carried out with Line A: 5mM ammonium acetate in 0.1%formic acid in 

water and Line B:0.1%formic acid in acetonitrile with isocratic ration 10:90 v/v. The flow 

rate were found to be 5.5ml/min at 25
0
C.The C18 column (50mm, 2.5mm, 5µm) was 

used.MS conditions were used drying gas: N2,Temperature-200
0
C,Cone voltage-30kv, Mass 

range-80 to 1000 Da and used Quadrupole mass analyser. 

 

Chemical and Reagents 

Metformin, Dapagliflozin, Empagliflozin and Canagliflozin(purity>98%)was provided from 

Torrent pharmaceutical (Ahmedabad, india). Methanol and acetonitrile (LC-MS grade)were 

purchased from Finar chemicals (ahmedabad, india). They are other chemicals were of 

analytical grade and bought from commercial sources. 

 

 

https://en.wikipedia.org/wiki/File:Canagliflozin_structure.svg


Patel et al.                                                                            World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 6, 2021.      │     ISO 9001:2015 Certified Journal      │ 

 

1385 

Chromatographic calculations  

The selectivity factor (α) is obtained according to the equation α = k2/k1. In addition, 

theoretical plate number (N) is obtained from the software calculations. The resolution factor 

(Rs) is determined from the software calculations using Rs = 0.998 (tR2–tR1)/(w1+w2), where 

tR is the retention time (min), w is the peak width measured at half height, and subscripts 1 

and 2 represent the former and the latter has eluted enantiomers, respectively. 

  

 

Figure 5: Chromatogram of all spiked drugs. 

 

Accuracy: The accuracy of the drug was calculated by comparing the concentration obtained 

from the relative recovery of drug supplemented pharmaceutical formulation.Accuracy is 

described difference between the accepted value or a reference value and the actual result 

obtained. The absolute recovery of MET, DFZ, EFZ and CFZ was determined by comparing 

the response factor of the drug obtained by the direct injection of oral hypoglycemic agents in 

mobile phase at three different levels. They recovery studies were carried out for three levels 

at five times and the % recovery, mean, standard deviation and % CV was calculated. 

 

Precision: The precision is explanation of the method was determined by intraday precision 

and interday precision. The intraday precision was evaluated by analysis of samples 

containing MET, DFZ, EFZ and CFZ at different concentrations containing internal standard 

using same operator with the same equipment. The interday precision was similarly evaluated 

over two week period. Precision studies of estimation of variations in analysis when a method 

is used within a laboratory on different days,by same analysts.The mean concentration, 

standard deviation and % CV were calculated. 

 

Recovery: The recovery of the studied was carried out by adding a certain amount of the 

standards into sample powder and then extracted and analyzed with the same procedures. It is 
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not a requirement that the recovery of the analyte is 100%, however, it is necessary that the 

variability is consistent, precise, and reproducible among different samples. Recovery rates 

were calculated by comparing the actually found concentrations with the theoretically present 

ones.  

 

Application of the dosage form: The analytical method proposed was applied successfully 

for the determination the oral hypoglycemic agents in its pharmaceutical dosage form. This 

application was done using Acquity BEH C18 column. The recovery calculated was equal to 

MET, DFZ, EFZ and CFZ were 99.93%, 100.2%, 99.7% and 99.7% indicating that the 

proposed method is applicable for the determination of MET in pharmaceutical dosage form. 

 

RESULTS AND DISCUSSION 

Method validation: The analytical method of validated optimized chromatographic 

conditions were validated by evaluating linearity, precision, accuracy, limit of detection 

(LOD), limit of quantification (LOQ)parameters using columns as in accordance with the 

ICH guideline Q2 (R1). 

 

Method development: The mobile phase for the analysis of the selected drug combination, 

various mixures of Line A: 5mM ammonium acetate in 0.1% formic acid in water Line 

B:0.1%Formic acid in acetonitrile in a composition of good resulted in symmetric peak of 

220nm in short run time. Injection volume was selected to be variable from 1µL to 10 µL 

which gave a good peak aea. The column used for study Acquity BEH C18 chosen good peak 

shape of symmetrical. Temperature was found to be suitable for drug solution. The flow rate 

was fixed at 5.5mL/min because of good peak area. Chromatogram showed a peak of MET, 

DFZ, EFZ and CFZ at retention time 1.16, 1.25, 1.39 and 1.83min respectively.     

 

Linearity of the calibration curve: The linearity of the calibration curve was determined 

ranges of concentrations of MET, DFZ, EFZ and CFZ were found to be 5-30µg/ml,1-5µg/ml, 

2-10µg/ml and 5-30µg/ml respectively. The values of coefficient of detemination were found 

to be acceptable ≥09987 showing good linearity over the ranges studied of the assay method.  
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Figure 6: Linearity plot of metformin. 

 

 

Figure 7: Linearity plot of dapagliflozin. 

 

 

Figure 8: Linearity plot of empagliflozin. 
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Figure 9: Linearity plot of canagliflozin. 

 

Table 1: Chromatographic characteristics of analytes. 

Drugs name 

Reten

tion 

time 

(min) 

Linear 

range 

(µg/ml) 

Slope Intercept 
Co-rrelation 

co-efficient(r
2
) 

Capacity 

factor 

Theoretical 

plates 

Tailing 

factor 

Metformin 1.16 5-30µg/ml 6981.407 -6749.189 1.000 1.1250 4705.1559 1.125 

Dapagliflozin 1.25 1-5 µg/ml 2587.084 245.827 0.999 2.2125 6488.2291 2.2125 

Empagliflozin 1.39 2-10µg/ml 2725.932 353.765 0.999 3.9125 2786.8698 3.9125 

Canagliflozin 1.83 5-30µg/ml 583.974 84.065 1.000 5.2625 2745.3544 5.2625 

 

LOD and LOQ determination: The LC-MS method analysis by sensitivity of the method 

was established in terms of LOD and LOQ were estimated from the standard deviation of the 

response and slope of the calibration curve using the following equation. 

LOD =3.3 * σ /S  

LOQ=10 * σ/S  

Where σ = Standard deviation of the response; S = Slope of the deviation curve  

LOD and LOQ were determined using this column by find out statistical data of calibration 

curve of the concentration.The results showed obtained values found to above drugs. 

 

Table 2: Value of LOD and LOQ. 

Parameter Metformin Dapagliflozin Empagliflozin Canagliflozin 

LOD 2.043 0.159 0.294 0.675 

LOQ 6.134 0.477 0.882 2.027 
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Table 3: Accuracy of the drugs in dosage forms by standard addition technique. 

Drug name 

Amount of 

drug taken 

(µg/ml) 

Amount of 

drug 

Found(µg/ml) 

±SD 
Accuracy 

(%) 
% RSD 

Metformin 100 100.56 0.3286 100.56 0.327 

 150 149.60 0.2915 99.73 0.195 

 200 199.98 0.0837 99.99 0.042 

Dapagliflozin 2 1.98 0.083 99.00 4.226 

 3 3.06 0.167 102.00 5.468 

 4 4.04 0.134 101.00 3.321 

Empagliflozin 4 4.08 0.0447 102.00 1.096 

 6 6.02 0.1095 100.33 1.820 

 8 8.04 0.0894 100.50 1.112 

Canagliflozin 10 10.04 0.0548 100.40 0.546 

 15 15.04 0.0548 100.27 0.364 

 20 20.06 0.0548 100.30 0.273 

 

Table 4: Intra-day and inter-day accuracy and precision data for all analytes in neat 

samples. 

CV: Coefficient of correlation; n: Number of replicate 

 

Assesment of the precision of analytical method: The method was checked by replicate 

injection volume 1µL to 10 µL of the solution five times on the same day as intraday 

precision study of using columns. %RSD values were found to be Metformin, Dapagliflozin, 

Conc. 

(g/mL) 

Intra-day (n = 5) Inter-day (n = 5) 

Mean conc. 

found (g/mL) 

Precision 

(% CV) 

Accuracy 

(%) 

Mean conc. 

found 

(g/mL) 

Precision 

(% CV) 

Accuracy 

(%) 

Metformin 

1.50 1.571 1.32 98.1 1.529 1.58 101.9 

20.0 20.47 0.97 102.9 19.23 1.25 96.2 

40.0 40.10 0.55 100.5 39.56 0.56 98.9 

Canagliflozin 

0.60 0.578 1.62 99.7 0.607 1.23 101.2 

8.00 8.126 0.93 101.3 7.812 0.81 97.7 

16.0 15.32 0.59 96.4 16.32 0.52 102.0 

Dapagliflozin 

0.15 0.164 1.30 96.0 0.154 1.26 102.7 

2.00 1.947 1.64 97.9 1.965 0.73 98.3 

4.00 4.042 0.48 101.1 4.133 0.61 103.3 

Empagliflozin 

0.30 0.313 0.73 101.0 0.296 0.44 98.7 

4.00 3.836 0.45 96.2 4.119 0.69 103.0 

8.00 7.788 0.18 97.4 7.985 0.23 99.8 
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Empagliflozin and Canagliflozin were 0.188, 4.338, 1.342 and 0.394 on the C18 column 

respectively, indicating a good precision of the LC-MS method. 

 

Table 5: Recovery (accuracy) of the drugs in dosage forms by standard addition 

technique (n = 5). 

Drug 

Amount of 

drug taken 

(g/mL) 

Amount of 

pure drug 

added 

(g/mL) 

Total 

amount 

found 

(g/mL ± 

SD) 

Precision 

(% CV) 

Recovery of 

pure drug 

(%) 

Metformin 20.0 18.0 35.99 ± 1.23 1.35 99.9 

 20.0 21.0 40.02 ± 0.75 1.18 100.1 

 20.0 25.0 43.97 ± 1.06 0.93 99.8 

Canagliflozin 8.0 6.2 14.38 ± 0.84 1.26 99.7 

 8.0 8.1 15.98 ± 0.35 0.67 99.8 

 8.0 9.5 17.56 ± 1.12 1.32 99.6 

Dapagliflozin 2.0 1.7 3.597 ± 0.09 0.74 99.8 

 2.0 2.1 4.019 ± 0.03 0.81 100.9 

 2.0 2.5 4.400 ± 0.06 0.79 100.0 

Empagliflozin 4.0 3.0 7.189 ± 0.05 0.63 99.6 

 4.0 4.2 7.989 ± 0.08 0.50 99.7 

 4.0 4.9 8.789 ± 0.04 0.25 99.8 

SD: Standard deviation; CV: Coefficient of correlation; n: Number of replicates 

 

Table 6: Optimized chromatographic Conditions and System suitability parameters. 

Parameters Chromatographic condition 

Instrument Water’s UPLC H-class 

Column Acquity BEH C18(50mm, 2.5mm, 5µm) 

Detector PDA and SQDmass detector 

Mass Parameters 
Cone voltage-30kV 

Mass range-80 to 1000Da 

Mobile phase 
Line A:5mM ammonium acetate in 0.1%formic acid in water 

Line B:0.1%Formic acid in acetonitrile 

Flow rate 5.5mL/min 

Detection wavelength 220nm 

Run time 8min 

Temperature 25
0
C 

Injection volume 1µl to 10µl 

Retention time 

Metformin-1.16min 

Dapagliflozin-1.25min 

Empagliflozin-1.39min 

Canagliflozin-1.83min 
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CONCLUSIONS 

A novel LC–MS method was established and validated for the estimation of metformin, 

dapagliflozin, empagliflozin and canagliflozin (recently approved oral hypoglycemic 

mixture) simultaneously in pharmaceutical formulation. The fast and simple acetonitrile crash 

technique was used for extraction of analytes before injection into column. The results of the 

developed and validated method were satisfactory and they prove its accuracy, precision, 

recovery, LOD and LOQ. The measured signals were shown to be precise, accurate and 

linear. Morever the solvent consumption along with analytical run time is 8min. Therefore, 

this LC-MS method can be used a routine sample analysis. 
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