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ABSTRACT 

Vildagliptin, Remogliflozin Etabonate and Metformin Hydrochloride are used for treating type II diabetes, which belongs to the DPP-
4, SGLT2 and Biguanide classes respectively. This review's primary objective is to provide an update on the techniques used to 
measure Vildagliptin, Remogliflozin Etabonate and Metformin Hydrochloride in pharmaceutical dosage forms and in bulk using 
chromatographic and spectrophotometric techniques. Vildagliptin, Metformin Hydrochloride and Remogliflozin Etabonate 
concentrations are estimated using the RP-HPLC, UV, RP-UPLC, GC, HPTLC, and LC-MS techniques. Analytical methodologies and 
method validation are already well-documented in the literature. The disclosed analytical techniques for establishing Remogliflozin 
Etabonate, Vildagliptin and Metformin Hydrochloride in their pharmaceutical preparations and biological matrices are described in 
the current review account. The present review provides a summary of the most popular approaches, including spectrometric and 
liquid chromatographic procedures. Spectrophotometric methods for Remogliflozin Etabonate, Vildagliptin and Metformin 
Hydrochloride alone and in combination include parameters like matrix, λ max, solvent, etc. HPLC methods in alone and in 
combination include parameters like retention time, flow rate, stationary phase, mobile phase composition detection wavelength, 
etc. HPTLC methods include parameters like stationary phase, mobile phase, Rf value etc. This literature research also provides 
detailed information on the separation conditions for Vildagliptin, Remogliflozin Etabonate and Metformin Hydrochloride alone and 
in combination with other drugs.  
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INTRODUCTION 

emogliflozin Etabonate class of SGLT2 inhibitor is not 
available in any Pharmacopoeia, chemically known 
as Ethyl[(2R,3S,4S,5R,6S)-3,4,5-trihydroxy-6- [5-

methyl-1-propan-2-yl-4-[(4-propan-2yloxyphenyl) 
methyl]pyrazol-3-yl]oxyoxan-2-yl]methyl carbonate, CAS 
no. 442201-24-3, molecular formula C26H38N2O9, molecular 
weight 522.6 g/mol, melting point 154-157°C, pKa value 
1.33 and log P value 3.33.1 

Vildagliptin is also not available in any Pharmacopoeia, 
chemically known as (2S)-1-[2-[(3-hydroxy-1-adamantyl) 
amino]acetyl]pyrrolidine-2-carbonitrile, CAS no. 274901-
16-5, molecular formula C17H25N3O2, molecular weight 
303.4 g/mol, melting point 149-152°C, pKa value 9.03 and 
log P value 1.12.2 

Metformin Hydrochloride is belongs to biguanide class and 
available in IP/BP/EP/USP, is chemically known as 3-
(diaminomethylidene)- 1,1-dimethylguanidine; 
hydrochloride, CAS no. 1115-70-4, molecular formula 

C4H12ClN5, molecular weight 165.6 g/mol, melting point 
222-226°C, pKa value 12.3 and log P value 1.8.3 

O

O

O
O

O

N

N

O HO

HO
OH

 
Figure 1: Chemical structure of Remogliflozin Etabonate 

N

N

O

N
HHO

 
Figure 2: Chemical structure of Vildagliptin 
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Figure 3: Chemical structure of Metformin Hydrochloride 
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LITERATURE REVIEW 
Table 1: Reported analytical methods in combined dosage form 

Sr.No  Drug  Method  Description  Detection 
wavelength 

Ref 
no  

1 
 
 
 

Remogliflozin 
Etabonate, 
Vildagliptin and 
Metformin 
Hydrochloride 

UV-VISIBLE 
spectroscopy 

Solvent: Methanol 
Linearity: VLD: 1-5 μg/ml 
                  REM: 2-10 μg/ml 
                  MET: 10-50 μg/ml 
r2: VLD: 0.9986 
     REM: 0.9973 
     MET: 0.9983 
LOD: VLD: 0.0436 
          REM: 0.1015 
      MET: 0.0333 
LOQ: VLD: 0.1322 
          REM: 0.3078 
          MET: 0.1009 

VLD: 202 nm 
REM: 226-238 
nm 
MET: 245 nm 

4 

2 
 
 
 

Remogliflozin 
Etabonate, 
Vildagliptin and 
Metformin 
Hydrochloride 

RP-HPLC Mobile phase: Acetonitrile: 
Methanol:Water (60:10:30% v/v/v) (pH 
4.5 adjusted with 1% OPA) 
Flow rate: 1.0 mL/min 
Retention time: VLD: 7.3 min 
                             REM: 4.4 min 
                             MET: 1.7 min 

205 nm 

 
Remogliflozin Etabonate 

Table 2: Analytical method development and validation for Remogliflozin Etabonate 

Sr.No  Drug  Method  Description  Detection 
wavelength 

Ref no  

1 Remogliflozin 
Etabonate 
 

UV 
spectroscopy 

Solvent: Methanol 
Linearity: 2-10 µg/ml 
r2: 0.999 
LOD: 0.037 µg/ml 
LOQ: 0.113 µg/ml 

229 nm 5 

2 Remogliflozin 
Etabonate  
and Vildagliptin 

Second 
derivative 
spectroscopy 

Mobile phase: Ethanol 
Linearity: REM: 5-75 μg/ml 
                  VLD: 2-50 μg/ml 
r2: REM: 0.9997 
      VLD: 0.9993 
LOD: REM: 1.38 μg/ml 
          VLD: 0.31 μg/ml 
LOQ: REM: 4.12 μg/ml 
          VLD: 0.94 μg/ml 

REM: 243 nm 
VLD: 221 nm  

6 

3 Remogliflozin 
Etabonate 
 

RP-HPLC  Column: C18 (250 mm × 4.6 mm, 5 μm) 
Mobile phase: Methanol:Water (70:30% v/v) 
Flow rate: 1.0 ml/min  
Linearity: 1-25 μg/ml 
R2: 0.997 
LOD: 0.21 μg/ml 
LOQ: 0.66 μg/ml 

229 nm 7 

4 Remogliflozin 
Etabonate 
and Vildagliptin 

RP-HPLC Column: C18 (250 mm × 4.6 mm, 5 μm) 
Mobile phase: Water:Acetonitrile  (60:40 % 
v/v) 
Flow rate: 1.0 ml/min 
Linearity: VLD: 5-40 μg/ml 
                  REM: 10-80 μg/ml 

210 nm 8 
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r2: VLD: 0.9992 
     REM:0.9997 
LOD: VLD: 0.029 μg/ml 
          REM: 0.010 μg/ml 
LOQ: VLD: 0.088 μg/ml 
          REM: 0.031 μg/ml 

5 Remogliflozin 
Etabonate 
And 
Metformin 
Hydrochloride 

RP-HPLC Column: C18 (250mm x 4.6mm, 5 μm) 
Mobile phase: Buffer (pH 4.0): methanol 
(60:40 % v/v) 
Flow rate: 1 ml/min 
Linearity: MET: 20-60 μg/ml 
                  REM: 5-15 μg/ml 
LOD: MET: 0.785 μg/ml 
          REM: 0.764 μg/ml 
LOQ: MET: 2.380 μg/ml 
          REM: 2.314 μg/ml 

241 nm 9 

6 Remogliflozin 
Etabonate  
and 
Metformin 
Hydrochloride 

UHPLC/DAD Column: C18 (5 μm, 4.6 mm x 150 mm) 
Mobile phase: Phosphate buffer 
(pH:4.5): Acetonitrile (60:40% v/v) 
LOQ: REM: 10 μg/ml 
          MET: 50 μg/ml 
LOD: REM: 5 μg/ml 
          MET: 10 μg/ml 

230 nm 10 

 
Vildagliptin 

Table 3: Analytical method development and validation for Vildagliptin 

Sr. 
No  

Drug  Method  Description  Detection  
wavelength 

Ref 
no  

1 Vildagliptin UV-VISIBLE 
spectrophotometric 

Solvent: 0.1 N Hcl 
Linearity: 5–60 μg/ml 
r2: 0.999 
LOD: 0.951 μg/ml 
LOQ: 2.513 μg/ml 

210 nm 11 

2 Vildagliptin And 
Nateglinide 

First Derivative 
Method 

Solvent: Methanol 
Linearity: NGT: 9-45 μg/ml 
                  VLD: 5-25 μg/ml 
r2: NGT: 0.9956 
     VLD: 0.9972 
LOD: NGT: 2.105 μg/ml 
          VLD: 1.986 μg/ml 

NTG: 253 nm 
VLD: 270 nm 

 

12 

3 Vildagliptin RP-HPLC Column: C18 (150mm × 4.6mm, 5μm) 
Mobile phase: 1 ml of 25% Ammonium 
hydroxide:Methanol (60:40% v/v) (pH 9.5) 
Flow rate: 1.0 ml/min 
Linearity: 5-200 μg/ml 
r2: 0.9997 
LOD: 1.47 μg/ml 
LOQ: 4.90 μg/ml 

210nm 13 

4 Vildagliptin RP-HPLC Column: C18 (150mm × 4.6mm, 5μm) 
Mobile Phase: Acetonitrile: Triethylamine (pH 
7.0) (15:85% v/v) 
Flow rate: 1.0 ml/min 
Linearity: 20–80 μg/ml 
r2: 0.9999 
LOD: 0.63 μg/ml 
LOQ: 2.82 μg/ml 
 

207 nm 14 
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5 vildagliptin RP-UHPLC Column: C18 (150mm × 4.6mm, 5μm) 
Mobile Phase: Phosphate buffer (pH 
6.8):Acetonitrile (67:33% v/v) 
Linearity: 10-50 μg/ml 
r2: 0.9984 
LOD: 0.01 μg/ml 
LOQ: 0.05 μg/ml 

239 nm 15 

6 vildagliptin GC-MS Column: (30 mm × 0.25 mm, 0.25 μm) 
Mobile phase: Methanol:Water (50:50% v/v) 
Linearity: 3.5–300 μg/mL 
r2: 0.9968 
LOD: 1.5 μg/ml 
LOQ: 3.5 μg/ml 

- 16 

7 Vildagliptin and 
Remogliflozin 
Etabonate 

RP-UPLC Column: C18 (2.1 × 50 mm, 1.7μm) 
Mobile phase: 
0.1 M Acetate buffer(pH5.7): Methanol (25:75% 
v/v) 
Linearity: REM: 5-30 μg/ml 
                  VLD: 2.5-15 μg/ml 
r2: REM: 0.9995 
     VLD: 0.9995 
LOD: REM: 0.015 μg/ml 
          VLD: 0.03 μg/ml 
LOQ: REM: 0.05 μg/ml 
          VLD: 0.01 μg/ml 

215 nm 17 

Metformin Hydrochloride 

Table 4: Analytical method development and validation for metformin Hydrochloride 

Sr. 
No  

Drug  Method  Description  Detection  
mode  

Ref 
no  

1 Metformin 
Hydrochloride 

UV 
spectrophotometric 

Solvent: Methanol 
Linearity: 8-13 μg/ml 
r2: 0.9999 
LOD: 1.0 μg/ml 
LOQ: 3.0 μg/ml 

233 nm 

 

18 

2 Sitagliptin and 
Metformin 
Hydrochloride 

UV-VISIBLE 
spectroscopy 
 

Solvent: Distilled water 
Linearity: STG: 2-10 μg/ml 
               MET: 20-60 μg/ml 
r2: STG: 0.999 
     MET: 0.990 
LOD: STG: 0.954 μg/ml 
          MET: 1.2 μg/ml 
LOQ: STG: 2.89 μg/ml 
          MET: 3.6 μg/ml 

STG: 267 nm 
MET: 231 nm 

19 

3 Metformin 
Hydrochloride 

HPLC Column: C18 (250 mm x 4.6 mm, 5 μm) 
Mobile phase: 0.02 mM Acetate buffer (pH 
3):Methanol (70:30% v/v) 
Linearity: 10-20 μg/ml 
r2: 0.9999 
LOD: 2.09 μg/ml 
LOQ: 3.46 μg/ml  

235 nm 20 

4 Saxagliptin 
Hydrochloride 
and 
Metformin 
Hydrochloride 
 

HPLC Column: C18 (4.6mm x 150 mm, 2.6 mm) 
Mobile phase: Acetonitrile: 
Phosphate buffer (pH 4.5) adjusted with 
orthophosphoric acid (13:87% v/v) 
Linearity: SAG: 5.58 μg/ml 
                 MET: 1000 μg/ml 

220 nm 21 
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r2: SAG: 0.9998 
     MET: 0.9999 
LOD: SAG: 0.478 μg/ml 
          MET: 8.178 μg/ml 
LOQ: SAG: 1.447 μg/ml 
          MET: 24.782 μg/ml 

5 Metformin 
Hydrochloride 

GC-MS Column: (30 mm x 0.25 mm x 0.25 μm) 
Solvent: Acetonitrile 
Linearity: 10-50 μg/ml 
r2: 0.9972 
LOD: 3.9 μg/ml 
LOQ: 12 μg/ml 

- 22 

6 Metformin 
Hydrochloride 

HPTLC Mobile phase: Ammonium sulfate (0.5%):2-
Propanol:Methanol (8:1.6:1.6% v/v/v) 
Rf value: 0.50±0.03 
Linearity: 200-1000 μg/ml 
r2: 0.999 
LOD: 95 μg/ml 
LOQ: 200 μg/ml 

238 nm 23 

7 Metformin 
Hydrochloride 
and 
Empagliflozin 

RP-UPLC-DAD Column: UPLC (100mm x 2.1 mm,1.8μm) 
Mobile phase:  0.1% Ortho Phosphoric 
acid buffer (pH 3.4) (with 0.1 N 
NaOH):Methanol (40:60% v/v) 
Flow rate: 0.25 ml/min 
Linearity: EMP: 15-75 μg/ml 
                  MET: 25-125 μg/ml 
r2: EMP: 0.9995 
     MET: 0.999 
LOD: EMP: 0.016 μg/ml 
          MET: 0.072 μg/ml 
LOQ: EMP: 0.964 μg/ml 
          MET: 0.330 μg/ml 

254 nm 24 

8 Metformin 
Hydrochloride, 
Glimepiride 
and 
Pioglitazone 

LC-MS/MS Column: C18 (33x 4.6 mm, 5μ) 
Mobile phase: Dichloromethane: Iso amyl 
alcohol (9:1% v/v) 
Flow rate: 1 ml/min 
Linearity: GLP: 2.5–500 μg/ml 
                  PGT: 2.5–1,000 μg/ml 
                  MET: 10–1,500 μg/ml 
r2: 0.999 

- 25 

 
CONCLUSION 

Various methods for the determination of Vildagliptin, 
Remogliflozin Etabonate and Metformin Hydrochloride 
have been reported individually or in combination with 
other drugs, and for this combination UV-VISIBLE 
spectrophotometric and RP-HPLC methods are reported. 
Some of the article's conclusions determine that RP-HPLC 
assay methods were used to estimate Remogliflozin 
Etabonate, Vildagliptin and Metformin Hydrochloride. 
Some articles provide the determination of Vildagliptin, 
Remogliflozin Etabonate and Metformin Hydrochloride in 
combination with Teneligliptin, Nateglinide, and 
Sitagliptin in pharmaceutical dosage forms. Research 
papers on UPLC, HPTLC, GC and LC-MS/MS are also 
reported. Novel RP-UPLC/DAD methods for Empagliflozin 
and Metformin Hydrochloride in bulk and tablet 
formulation are also reported. 

REFERENCES 

1. Remogliflozin Etabonate, December 2022, 
https://pubchem.ncbi.nlm.nih.gov/compound/Remogliflozi
n-etabonate 

2. Galvus, December 2022, 
https://pubchem.ncbi.nlm.nih.gov/compound/Galvus 

3. Metformin Hydrochloride, December 2022, 
https://pubchem.ncbi.nlm.nih.gov/compound/Metformin-
hydrochloride 

4. Patel JS, Desai S, Analytical method development and 
validation for simultaneous estimation of remogliflozin 
etabonate, vildagliptin and metformin hydrochloride in 
combined dosage form, International Journal of Pharmacy 
and Pharmaceutical Research, 2022;25(2):572-597. 

5. Dave V, Patel P, Method development and Validation of UV 
Spectrophotometric estimation of Remogliflozin Etabonate 
in bulk and its tablet dosage form, Research Journal of 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
https://pubchem.ncbi.nlm.nih.gov/compound/Remogliflozin-etabonate
https://pubchem.ncbi.nlm.nih.gov/compound/Remogliflozin-etabonate
https://pubchem.ncbi.nlm.nih.gov/compound/Galvus
https://pubchem.ncbi.nlm.nih.gov/compound/Metformin-hydrochloride
https://pubchem.ncbi.nlm.nih.gov/compound/Metformin-hydrochloride


Int. J. Pharm. Sci. Rev. Res., 79(1), March – April 2023; Article No. 07, Pages: 36-41                                              ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

41 

Pharmacy and  Technology, 2021;14(4):2042-2044. doi: 
10.52711/0974-360X.2021.00362 

6. Attimarad M, Mahesh V, Katharigatta N, Sheeba B, Smart 
spectrophotometric method development for simultaneous 
estimation of antidiabetic drugs in formulations, Indian 
Journal of Pharmaceutical Education and Research, 
2022;56(1):224-231. doi: 
https://hdl.handle.net/10321/3813 

7. Shah DA, Gondalia I, Stability indicating liquid 
chromatographic method for the estimation of Remogliflozin 
Etabonate, Journal of Chemical Metrology, 2020;14(2):125-
132. doi: http://doi.org/10.25135/jcm.46.20.07.1734 

8. Dhara V, Chaudhari H, Development and validation of high 
performance liquid chromatography method for 
simultaneous estimation of Remogliflozin Etabonate and 
vildagliptin in pharmaceutical dosage form, World Journal of 
Pharmaceutical Research, 2022; 11(11):611-622. doi: 
10.20959/wjpr202211-24945 

9. Trivedi SV, Stabilty indicating RP-HPLC method development 
and validation for simultaneous estimation of Remogliflozin 
Etabonate and metformin hydrochloride in synthetic mixture 
and tablet dosage form, World Journal of Pharmaceutical 
Research, 2021;10(10):981-993. doi: 10.20959/wjpr202110-
21237 

10. Patel VA, Pandya CV, Patel ZJ, Development and validation of 
novel RP-UHPLC/DAD methods for simultaneous 
quantification of remogliflozin and metformin in bulk and 
formulation, Royal Journal of Chemistry, 2021;14(2):1384-
1393. doi: http://dx.Doi.Org/10.31788/ rjc.2021.1426295 

11. Kumari B, Khansili A, analytical method development and 
validation of uv-visible spectrophotometric method for the 
estimation of vildagliptin in gastric medium, Drug Research, 
2020;70:417–423. doi: https://doi.org/10.1055/a-1217-0296 

12. Shaikh NK, Analysis of vildagliptin and nateglinide for 
simultaneous estimation using spectro-chromatographic 
methods, European Journal of Molecular & Clinical Medicine 
2020; 7(8):741-755. 

13. Malakar A, Bokshi B, Development and validation of RP-HPLC 
method for estimation of vildagliptin from tablet dosage 
form, Indian Journal of Pharmacy and Life Sciences, 
2012;1(1). doi: https://doi.org/10.3329/ijpls.v1i1.12947 

14. Barden AT, Salamon B, Stability-indicating RP-LC method for 
the determination of vildagliptin and mass spectrometry 
detection for a main degradation product, Journal of 
Chromatographic Science 2012; 50:426–432. 
doi:10.1093/chromsci/bms024 

15. Sultana S, Kumar U, QbD approach for the development and 
validation of RP-UHPLC method for quantitation of 
vildagliptin, Journal of Pharmaceutical Sciences, 
2017;16(1):107-117. 

16. Uçaktürk E, Development of sensitive and specific analysis of 
vildagliptin in pharmaceutical formulation by gas 
chromatography-mass spectrometry, Journal of Analytical 
Method in Chemistry, 2015. doi: 
http://dx.doi.org/10.1155/2015/707414 

17. Syed MA, Ponnuri B, Simple and fast stability indicating UPLC 
method for the simultaneous quantification of vildagliptin 
and remogliflozin etabonate in bulk drug and formulations, 
Current Trends Biotechnology and Pharmacy, 
2021;15(4):401-407. doi: 10.5530/ctbp.2021.4.41 

18. Dange YD, Honmane SM, Development and validation of uv-
spectrophotometric method for estimation of metformin in 
bulk and tablet dosage form, Indian Journal of 
Pharmaceutical Education and Research, 2017;51:754-760. 
doi: 10.5530/ijper.51.4s.109 

19. Nyola N, Govinda S, Method development of simultaneous 
estimation of sitagliptin and metformin hydrochloride in 
pure and tablet dosage form by UV-Vis spectroscopy, World 
Journal of Pharmacy and Pharmaceutical Sciences, 
2012;1(4):1392-1401. 

20. Sha’at M, Florin A, Stoleriu I, Implementation of QbD 
approach to the analytical method development and 
validation for the estimation of metformin hydrochloride in 
tablet dosage forms by HPLC, Pharmaceutics, 2022;14:1187. 
doi: https://doi.org/10.3390/pharmaceutics14061187 

21. Merey HA, Ramadan NK, Chromatographic methods for the 
simultaneous determination of binary mixture of Saxagliptin 
hcl and Metformin hydrochloride, Cairo University,2017;311-
317. doi: http://dx.doi.org/10.1016/j.bfopcu.2017.04.002 

22. Goedecke C, Fettig I, Piechotta C, A novel GC-MS method for 
the determination and quantification of metformin in 
surface water, Royal society of chemistry,2013;1-3. doi: 
10.1039/C6AY02606K 

23. Havele S, Dhaneshwar S, Estimation of metformin in bulk 
drug and in formulation by HPTLC, Journal of Nanomedical 
Nanotechnology, 2010;1:102. doi:10.4172/2157-
7439.1000102 

24. Padmaja N, Veerabhadram G, A novel stability indicating RP-
UPLC-DAD method for determination of metformin and 
empagliflozin in bulk and tablet dosage form, Oriental 
Journal of Chemistry, 2017;33(4):1949-1958. doi: 
http://dx.doi.org/10.13005/ojc/330441 

25. Sengupta P, Uttam B, Ghosh A, LC–MS–MS development and 
validation for simultaneous quantitation of metformin, 
glimepiride and pioglitazone in human plasma, 
Chromatographia, 2009;69:1243-1250. doi: 
10.1365/s10337-009-1056-50009-5893/09/06 

 

Source of Support: The author(s) received no financial support for the research, authorship, and/or publication of this article. 

Conflict of Interest: The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or 
publication of this article. 

For any questions related to this article, please reach us at: globalresearchonline@rediffmail.com  

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com   

 

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
https://hdl.handle.net/10321/3813
http://doi.org/10.25135/jcm.46.20.07.1734
https://doi.org/10.1055/a-1217-0296
https://doi.org/10.3329/ijpls.v1i1.12947
http://dx.doi.org/10.1155/2015/707414
https://doi.org/10.3390/pharmaceutics14061187
http://dx.doi.org/10.1016/j.bfopcu.2017.04.002
http://dx.doi.org/10.13005/ojc/330441
mailto:globalresearchonline@rediffmail.com
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

