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ABSTRACT 

Now a day’s very common metabolic disease called diabetes is a major problem of public health. So one of new category 
called phlozins are introduced as anti-diabetic agent, that given as orally. Out of all pholzins, one of highly selective drug 
is Empagliflozin which is approved by food drug and administration. Drug Empagliflozin also introduced in combination 
with other drugs like Metformin and Linagliptin. So this article states that the summary of different analytical methods 
for individual drug as well as in combination in pharmaceutical dosage form, biological fluids and active pharmaceutical 
ingredient. Through this study we can minimize the use of toxic and hazardous chemicals because they harm the 
environment as well as individual or community.  
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INTRODUCTION 
Empagliflozin being highly selective in nature was the first to elucidate the decrease in cardiovascular 
death in patients with high CV risks and type 2 Diabetes. Being sodium-glucose cotransporter 2(SGLT2) 
inhibitor in nature, is probably the latest class of medicine in the treatment of T2DM. SGLT2 being glucose 
lowering agents shows an insulin independent mechanism which also proves their use in other 
treatments along with combination of other anti diabetec agents for the treatment of T2DM. After its first 
successful use in Japan in 2014, it was globally accepted. Empagliflozin or SGLT2 inhibitor clearly showed 
good results in reducing Blood Pressure (BP) and body weight. Apart from these, it also showed results 
for cardioprotective and renoprotective benefits, reduction in CV deaths, etc.  
Other SGLT2 inhibitors such as Canagliflozin and Dapagliflozon have also showed their results in the 
treatment of cardiovascular and renal abnormalities but still Empalliflozin  has passed all hurdles being 
the only SGLT2 inhibitor with proven cardiovascular and T2DM patients. Side effects such as UTI, GTI and 
ketoacidosis are being evaluated which is totally based on their mechanism of action, which is necessary 
for monitoring for such events. It has also been seen that they tend to decrease the Hyperglycemia which 
is achieved by increasing urinary glucose excretion. It blocks the reabsorption of glucose in the kidneys.  
Empagliflozin is orally administrated drug and being SGLT2 in nature is located in the proximal 
convulated tubule (PCT) of the nephron and facilitates 90% of reabsorption. The chemical name of 
Empagliflozin is (Empagliflozin; 1-chloro-4-[b-D-glucopyranos-1-yl]-2-[4-([S]-tetrahydrofuran – 3 – yl -
oxy) benzyl]-benzene. The structure shown in figure 1. The SGLT2 inhibitors are derived from the 
phlorizin groups of compounds found in plants [1]. The physico-chemical parameters was shown in table 
1. As per literaturethere are few analytical method has been reported as individual drug Empagliflozin 
but it has many analytical methods in combination of other drugs so in this review we segregate all the 
methods for helping the researcher for their studies.  
 
PHARMACOLOGY 
Kidney being am important organ plays a major role in the maintenance of glucose level in the body by 
the process of production, utilization and reabsorption of glucose via glomerular filtration. The renal 
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glucose reabsorption is facilitated by SGLT2 (an estimated of 90%). Empagliflozin being potent in nature 
is highly selective and competitive inhibitor of SGLT2 in the treatment of Type-2 DM patients with normal 
kidney functions. Patients of T2DM showed decreased glucose level both fasting and postprandial by-  
• Increasing total glucose excretion  
• Improving beta cell function  
• Shifting substrate utilization from glucose to lipid.  
Empagliflozin showed a 36% to 45% inhibition of glucose reabsorption after the administration of a 
single dose and subsequently maintained 36% to 48% inhibition after 27 days of administration. On 
comparison with placebo in a single rising dose study, Empagliflozin showed higher amount of glucose 
excretion. 
 

 
Figure 1:  Structure of Empagliflozin 

 
Parameter Description 
CAS Number 864077-44-0 
Molecular formula C23H27ClO7 

Molecular weight 450.9 
Appearance Crystalline Solid 
Melting point 151-153o C 
Solubility Methanol, Ethanol, Dimethyl sulfoxide 
Drug type Approved 

Table 1 Critical physiochemical parameters 
 
PHARMACOKINETICS 
With a limited number of drug-drug interaction and with no active metabolites, Empagliflozin is orally 
active and SGLT2 inhibitor with bioavailability of 78%. The overall kinetics was shown in Table 2. 
 

 
Table 2 Pharmacokinetics of Empagliflozin 

Selective SGLT2 inhibitor and orally active with 78% bioavailability.

Empagliflozin exhibits rapid absorption after oral administration and reaches peak 
level after single dose. 

Empagliflozin is distributed to body fluids and tissues with Volume of Distribution 
(Volume of distribution) of 73.8L at a steady rate.

No major metabolite of the drug is present in plasma yet three conjugates are present 
with each metabolite.

Empagliflozin exerts renal excretion with a total body clearance of 10.6L per hour.
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Absorption 
After being orally administered, it shows rapid absorption by reaching peak levels 1.5 hours after a single 
administration.  
Distribution 
Being distributed to tissues and fluids, it shows around 86.2% protein bound in healthy individuals. It has 
a population based Volume of distribution of somewhat around 73.8L at a steady rate.  
Metabolism 
Empagliflozin shows no major metabolites in plasma, however it showed three conjugates with each 
metabolite, having less than 10% of the total drug in circulation. 
Excretion 
The estimated half-life of Empagliflozin is 12.4hours having a total body clearance of 10.6L/hour. It 
exhibits renal excretion and also showed that the radio –labeled dose of oral Empagliflozin was recovered 
in feces, most of which were unchanged drug.  
Dosage and Administration 
Initial dose is 10mg orally in the morning with a subsequent increase to a maximum dose of 25mg once 
daily, if necessary[2-5]. 
Chromatographic method (high performance liquid chromatography) of Empagliflozin 
Jaiswal [6] et al gave exhaustive separation method on high performance liquid chromatography 0.1% 
orthophosphoric acid and acetonitrile in ratio of 50:50 at 230 nm. They used 1.2 mL/min flow for the 
analysis and obtain the retention time 11.51 min. Due to the high retention time, there were need to some 
more new and novel methods for separation analysis. Padmaja [7] et al produce a specific and new 
method using methanol and acetonitrile (50:50) at 265 nm. Peak observed at 2.80 minutes at 1mL/min 
flow rate. Padmaja [8] gave one more method using different mobile phase 0.01M acetate buffer and 
methanol (30:70) at 260 nm. Retention time observed early at 1.23 minute in comparison to previous 
one. Shyamala [9] et al developed and validated a different method for separation using 0.1% 
orthophosphoric acid and acetonitrile (70:30) at 233 nm. Mounika [10] et al produce a simple method of 
chromatographic separation using mobile phase methanol and water (70:30). Retention time observed at 
6.20 minutes using 1 mL/min flow. Shirisha [11] et al gave a novel method using phosphate buffer and 
acetonitrile (45:55) at 228 nm. Peak observed at 3.8 minutes using buffer in 1 mL/min flow. Wem-jimg 
HAO [12] et al developed a precise, robust and rugged method using a three solvents as mobile phase that 
is phosphoric acid water, methanol and acetonitrile (1:1) at 224 nm. Madhurima [13] et al produce a new 
method for single drug using acetonitrile and water (60:40). The peak obtained at 5.41 minutes. Joanna 
[14] et al use acetonitrile and water (72:28) in a different ratio of same mobile phase as previous one at 
230 nm but the retention time is early at 3.84 minutes in this method. After the many single drug 
methods, there are some methods in combination with different days. Patil [15] et al developed a 
selection method for combination of Empagliflozin and metformin using a methanol and water (80:20). 
The pH of water maintained at 3.0. The wavelength used for separation in combination is 227 at 
0.8mL/min flow. Gopal [16] et al gave a new method using buffer in same as previous combination. 
Method using phosphate buffer and methanol (30:70) at 240 nm with 1 mL/min flow in 
instrument.Godasu [17] et al gave a method for separation analysis for Empagliflozin and metformin 
using same mobile phase as previous method of gopal. Geetha [18] et al produce a new method using 
phosphate buffer, acetonitrile and methanol (15:80:5) at 227 nm for Empagliflozin and metformin 
combination. For the above same combination Patel [19] et al gave specific and linear method using 0.05 
M potassium dihydrogen phosphate buffer and acetonitrile (50:50)at 227 nm. Vinay [20] et al developed 
a method for combination Empagliflozin and metformin using a different mobile phase 0.1 % 
orthophosphoric acid and acetonitrile (50:50) at 260nm. Irfan Ali [21] et al produce specific method for 
the same combination and using a buffer and acetonitrile (45:55) for analysis. Alaas amin [22] et al 
produce a method using the same phosphate buffer and acetonitrile (60:40). The wavelength used was 
255nm. Dighe [23] et al use the new mobile phase for the same combination that is methanol and 
dihydrogen phosphate buffer for separation at 227nm. Gampa vijay [24] et al gave a robust and rugged 
method using methanol and phosphate buffer (70:30) at 260nm.the flow rate was 0.8 mL/min. Jaffer  [25] 
et al produce a method for same combination and using same mobile phase as above method but only 
ratio was changed that is (40:60) at 255nm. After this combination several researcher developed method 
for different combination of Empagliflozin and Linagliptin. For this combination Sharmila [26] et al uses 
0.1% orthophosphoric acid and acetonitrile (68:32) at 218 nm. Naazneen [27] et al used 0.1% perchloric 
acid and acetonitrile (60:40) at 230 nm. Rao [28] et al gave a little bit different method from sharmila’s 
analysis. Used a same mobile phase but different ratio that is (60:40) and different wavelength at 230 nm 
with 0.8 mL/min flow. Jyothirmai [29] et al gave selected method using methanol, acetonitrile and 0.1% 
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orthophosphoric acid (30:60:10) at 246nm. One more method given by Jayalaxmi [30] et al using 
methanol and phosphate buffer (70:30) at 254nm. Anjali [31] et al using the same mobile phase as above 
but ratio is changed that is phosphate buffer and methanol (70:30) at 240 nm. Sirigiri [32] used mobile 
phase phosphate buffer, water and acetonitrile at 225nm. The flow rate was 1 mL/min. Sruthi [33] et al 
gave same method as Jayalaxmi’s method. After these two combination a new combination study 
reported by Khalil [34] et al that is novel method for combination of gliflozins like Canagliflozin, 
Dapagliflozin, Empagliflozin and metformin using a acetonitrile and phosphate buffer (65:35) at 212 nm. 
The summary of all methods shown in Table 3. 
Spectrophotometric method for Empagliflozin 
Some spectrophotometric methods also available for the Empagliflozin and its combination. Patil [35] et 
al produce an exhaustive method using methanol and water as solvent in a ratio of (90:10) at 224 nm. 
Jyothirmai [36] et al also gave a spectrophotometric method using methanol solvent at different 
wavelengths. Patil [37] and padamaja [38] et al gave a method for Empagliflozin and metformin using a 
methanol solvent. The summary of all methods shown in Table 3. 
High performance thin layer liquid chromatography methods for Empagliflozin 
There are some thin layer chromatography methods for Empagliflozin and its combination so bhole [39] 
et al gave a method at 230 nm using toluene and methanol (70:30) for individual drug. Dedhiya [40] et al 
gave a method for combination of Empagliflozin and metformin at 230 nm using toluene, ammonium 
acetate in methanol, ethyl acetate and ammonia. The summary of all methods shown in Table 3. 
Ultra performance liquid chromatography methods for Empagliflozin 
Mabrok [41] et al. gave a method for Empagliflozin at 210 nm using aqueous tetra-flouro acetic acid and 
acetonitrile (60:40) and flow rate was 0.5 mL/min. Padmaja [42] et al gave a method for Empagliflozin 
and metformin at 254 nm using 0.1% and methanol (40:60). The flow rate was 0.25 mL/min. A new 
method was given by Ayoub [43] for the combination of Empagliflozin linagliptin and metformin at 225 
nm. The flow rate was 0.4 mL/min using phosphate buffer and methanol (50:50).LC/MS method for a 
combination of Empagliflozin and Linagliptin was given by Abdul ghany et al. method using 0.1 % 
aqueous formic acid and acetonitrile in the ratio of (50:50) at 0.2mL/min flow rate. The summary of all 
methods shown in Table 3. 
Liquid Chromatography-Mass Spectroscopy analysis of Empagliflozin 
Ayoub [44] et al also gave one method for combination of Empagliflozin and metformin at 215 nm using 
0.1% aqueous formic acid and acetonitrile (75:25). Tejas [45] et al. gave one method for same 
combination using methanol and ammonium tri-fluoroacetic (90:10) in human plasma at 224 nm. Ghany 
[46] et al. gave method for one more combination of Empagliflozin and linagliptin. The summary of all 
methods shown in Table 3. 
 

S.No 

M
atrix 

Techniques 

M
ethod 

description 

W
avelength 

(nm
) 

Flow
 rate 

(m
L/m

in) 

Retention 
tim

e 

Reference 

1 Empagliflozin  HPLC 0.1%Orthophosphoric acid(50):Actonitrile(50) 230 1.2 11.51 [6] 
2 Empagliflozin HPLC Methanol(50):Acetonitrile(50) 265 1 2.80 [7] 
3 Empagliflozin HPLC 0.01 M acetate buffer(30): methanol(70) 260 2 1.23 [8] 
4 Empagliflozin HPLC 0.1% OPA(70):Acetonitrile(30) 233 1 3.17 [9] 
5 Empagliflozin HPLC Methanol(70):water(30) 233 1 6.20 [10] 
6 Empagliflozin 

 
HPLC Phosphate buffer(45):Acetonitrile(55) 228 1 3.8 [11] 

7 Empagliflozin HPLC Phosphoric acid water:methanol:acetonitrile(1:1) 224 1 - [12] 
8 Empagliflozin HPLC Acetonitrile(60):water(40) 223 1 5.41 [13] 
9 Empagliflozin HPLC Acetonitrile(72):water(28) 230 1 3.84 [14] 
10 Empagliflozin 

and Metformin 
HPLC Methanol (80): Water (20) pH 3.0 227 0.8 2.63 

5.13 
[15] 

11 Empagliflozin 
and Metformin 

HPLC phosphate buffer(30) pH-3:methanol(70) 240 1 1.18 
1.71 

[16] 

12 Empagliflozin 
and Metformin 

HPLC Methanol(70):phosphate buffer(30) pH-3 240 1 2.40 
3.90 

[17] 

13 Empagliflozin 
and Metformin 

HPLC Phosphate buffer(15):acetonitrile(80):methanol(5) 227 1 2.52 
1.41 

[18] 

14 Empagliflozin 
and Metformin 

HPLC 0.05M Potassium Dihydrogen Phosphate buffer (50) pH- 
3.5: Acetonitrile(50) 

227 1 2.63 
4.38 

[19] 
 

15 Empagliflozin 
and Metformin 

HPLC 0.1% ortholphosphoric acid(50):acetonitrile(50) 260 1 2.19 
3.20 

[20] 
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16 Empagliflozin 
and Metformin 

HPLC Buffer(45):Acetonitrile(55) 226 1.1 2.18 
2.90 

[21] 

17 Empagliflozin 
and Metformin 

HPLC Phosphate buffer(60):Acetonitrile(40) 255 1 6.40 
2.60 

[22] 

18 Empagliflozin 
and Metformin 

HPLC Methanol(60):dihydrogenphosphate buffer(30) 227 0.8 6.54 
5.27 

[23] 

19 Empagliflozin 
and Metformin 

HPLC Methanol(70):phosphate buffer(30) 260 0.8 - [24]  

20 Empagliflozin 
and Metformin 

HPLC Methanol (40):phosphate buffer(60) 255 1 4.21 
2.46 

[25]  

21 Empagliflozin 
and Linagliptin 

HPLC  0.1% orthophosphoric acid (68): acetonitrile (32) 218 1 0.35 
0.47 

[26] 

22 Empagliflozin 
and Linagliptin 

HPLC 0.1%perchloric acid(60):acetonitrile(40) 230 1 2.05 
4.10 

[27] 

23 Empagliflozin 
and Linagliptin 

HPLC 0.1%o-phosphoric acid (60): acetonitrile (40) 230 0.8 2.13 
2.75 

[28] 

24 Empagliflozin 
and Linagliptin 

HPLC Methanol(30):Acetonitrile(60):0.1%ortho phosphoric 
acid(10) 

246 1 4.16 
5.73 

[29] 

25 Empagliflozin 
and Linagliptin 

HPLC Methanol(70):phosphate buffer(30) 254 1 - [30] 

26 Empagliflozin 
and Linagliptin 

HPLC Potassium dihydrogen phosphate buffer(70): methanol 
(30) 

240 1 3.02 
3.96 

[31] 

27 Empagliflozin 
and Linagliptin 

HPLC Potassium dihydrogen phosphate mobile phase A 
water:acetonitrile (5:95) phase B 

225 1 5.38 
8.39 

[32] 

28 Empagliflozin 
and Linagliptin 

HPLC Buffer (70):Acetonitrile (30) 286 1 1.92 
3.69 

[33] 

29 Empagliflozin, 
Canagliflozin, 
Dapagliflozin, 
Metformin 

HPLC Acetonitrile (65):0.05M Potassium dihydrogen phosphate 
(35) 

212 1.1 3.00 
4.41 
3.56 
1.89 

[34] 

30 Empagliflozin UV Water (90):Methanol(10) 224 - - [35] 
31 Empagliflozin UV Methanol 247 - - [36] 
32 Empagliflozin 

and Metformin 
UV Methanol 224 

230 
- - [37] 

33 Empagliflozin 
and Metformin 

UV Methanol 272 
234 

- - [38] 

34 Empagliflozin HPTLC Toluene: Methanol (7:3 ) 230 - - [39] 
35 Empagliflozin 

and Metformin 
HPTLC Toluene: 3% 

Ammonium Acetate in Methanol: Ethyl acetate: Ammonia 
(3: 5: 2: 0.4 ) 

230 - - [40] 

36 Empagliflozin UPLC aqueous trifluoroacetic acid (0.1%, pH 2.5): acetonitrile 
(60:40) 

210 0.5 0.60 [41] 

37 Empagliflozin 
and Metformin 

UPLC 0.1% ortho phosphoric acid buffer: methanol in the ratio 
(40:60) 

254 0.25 3.4 
0.8 

[42] 

38 Empagliflozin, 
Linagliptin and 
Metformin 

UPLC potassium dihydrogen phosphate buffer pH (4) methanol 
(50 : 50) 

225 0.4 4.7 
2.3 
1.6 

[43] 

39 Empagliflozin 
and Metformin 

LC/MS 0.1% aqueous formic acid:acetonitrile (75:25) 215 0.2 - [44] 

40 Empagliflozin 
and Metformin 

LC/MS methanol and 10 mM ammonium trifluoroacetate (90:10) 224 0.8 - [45] 

41 Empagliflozin 
and Linagliptin  

LC/MS 0.1 % aqueous formic acid and acetonitrile (50:50) 220 0.2 - [46] 

Table 3 Different Analytical methods of Empagliflozin 
 
CONCLUSION 
This review consist many analytical methods of Empagliflozin in different forms like formulations, active 
pharmaceutical ingredient and biological fluids. Analysis of these methods applicable to check the quality 
of products of drug. Mostly used chromatographic method is high performance liquid chromatography for 
combination with other drugs. Various chemicals and solvents have used in methods which are not 
applicable to green chemistry. Used chemicals must not harmed to environment as well as individual so 
according to this literature researcher can go for further studies used any of method mention here and 
one more conclusion was that it is desired to develop a new, simple, cheap and green method for 
Empagliflozin as single drug. 
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