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ABSTRACT:  

Type 2 diabetes is a common disease that is becoming increasingly common and is a    major 

public health concern worldwide. According to the Centers for Disease Control and 

Prevention, 29.1 million adults in the United States (9.3% of the population) were diagnosed 

with diabetes in 2012. Since the discovery of insulin, many antidiabetic drugs have been 

approved and discontinued. US Food and Drug Administration (FDA) for the treatment of 

diabetes. Vildagliptin and metformin are approved by the US Food and Drug Administration. 

Both oral hypoglycemic drugs are in the new class of dipeptidyl peptidase-4 (DPP-4) drugs. 

These analytical methods are based on four basic principles: electrochemistry, spectroscopy, 

chromatography and spot formation. Various analytical methods are used for the analysis of 

antidiabetic drugs, such as spectroscopy, LC-MS, HPLC, HPTLC, UPLC, capillary 

electrophoresis (CE), GC-MS, LC-ESI/MS for diagnostic studies. Metformin works primarily 

by reducing endogenous glucose production in the liver. Vildagliptin works mainly by 

inhibiting DPP-4, an enzyme involved in the breakdown of hormones GLP-1 (glucogen-like 

peptide-1) and GIP (glucose-dependent insulinotropic polypeptide). In this review, we 

determine the analytical legend, formulation and biological activity of the antidiabetic drugs 

metformin and vildagliptin. 

 

 

1. Introduction 

Diabetes mellitus (DM) is a complex chronic 

disease caused by hyperglycemia, impaired 

secretion, impaired function, or both. The chronic 

metabolic imbalance associated with this disease 

puts patients at risk of long-term macrovascular and 

microvascular complications, including frequent 

hospitalizations and cardiovascular disease, if not 

treated appropriately. 1In the world. The 

International Diabetes Federation estimates that 

http://www.jchr.org/
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approximately 387 million people worldwide have 

diabetes. 2According to the Centers for Disease 

Control and Prevention, 29.1 million adults in the 

United States, or 9.3% of the population, were 

diagnosed with diabetes in 2012. In that year, 1 

million people had diabetes, and 15-30% of them 

developed full-blown diabetes. 3Overall, 1.4 million 

new cases of cancer occur in the United States each 

year. If this trend continues, it is estimated that one-

third of Americans will have diabetes by 2050. 

People with diabetes have health problems such as 

myocardial infarction, stroke, kidney failure, vision 

loss, and premature death. Diabetes and its 

complications are the seventh leading cause of 

death in the United States. The World Health 

Organization predicts that diabetes-related deaths 

will double by 2030 if no deliberate action is taken. 
4Every year, Americans die from this virus. The 

increasing trend in the incidence and prevalence of 

diabetes is alarming and places a significant burden 

on health care costs and existing health care 

systems. 5Due to the complexity of T2DM, there is 

great interest in developing new drug therapies to 

control diabetes. The US Food and Drug 

Administration (FDA) has approved several drug 

therapies that address the various biological 

systems and mechanisms involved in the disease. 
6In this rapidly growing field of pharmacology, 

hundreds of compounds with antiglycemic 

properties have been discovered or synthesized. 7In 

addition, there are many drugs targeting established 

pathways and novel mechanisms of action of 

antidiabetic agents in various stages of clinical 

development. Excellent reviews have been 

published that focus on specific aspects of diabetes 

drug discovery, such as FDA-approved 

hypoglycemic drugs, specialized delivery systems 

to improve drug efficacy, and specific targets 

sought in clinical development. However, the 

approval status of antidiabetic drugs fluctuates, with 

approvals and withdrawals.8,9 

 

 

2. Objectives 

1. Metformin:  

Metformin is a biguanide and is the main oral drug 

for the management of T2 diabetes in all age 

groups. Metformin activates hepatic adenosine 

monophosphate-activated protein kinase, causing 

hepatic glucose uptake and inhibition of 

gluconeogenesis through complex effects on 

mitochondrial enzymes. 10Metformin is well 

tolerated with mild side effects, low risk of 

hypoglycemia, and low potential for weight gain. 

Metformin has been shown to reduce the 

progression of T2DM by reducing hepatic glucose 

synthesis (gluconeogenesis) and increasing the 

sensitivity of peripheral tissues to insulin, reducing 

the risk of complications and reducing patient 

mortality. In addition, it improves insulin sensitivity 

by activating insulin receptor expression and 

increasing tyrosine kinase activity. Recent evidence 

also suggests that metformin lowers plasma lipid 

levels and prevents CVD via the peroxisome 

proliferator-activated receptor (PPAR)-α 

pathway.1,10 

IUPAC name: 3-(diaminomethylidene)-1,1-

dimethylguanidine 

 

Figure 1: Chemical structure of Metformin 

(C4H11N5) 

2. Vildagliptin:  

A drug Galvus (vildagliptin) was registered in 

Russia in 2008. This drug is effective as 

http://www.jchr.org/
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monotherapy along with blood sugar lowering 

agents and insulin. DPP-4 inhibitors are a new 

treatment for type 2 diabetes. Literature review 

showed that there is only one spectrophotometric 

method for measuring vildagliptin by the same 

author in this study. 3-Amino-1-adamantanol 

(AAD), reported in the synthesis of vildagliptin, is 

expected to be an impurity of vildagliptin. Since 

there is no published liquid chromatography 

method for vildagliptin, the aim of this study was to 

develop a reversed-phase liquid chromatography 

(RP-LC) method for the measurement of 

vildagliptin alone or in the presence of AAD.12 

IUPAC name: S-1-[N-(3-hydroxy-1-adamantyl) 

glycyl] pyrrolidine-2-carbonitrile 

 

Figure 2: Chemical structure of Vildagliptin 

(C17H25N3O2) 

3. Analytical Methods 

Analytical methods are an interesting part of 

chemical analysis and can be defined as tools that 

interact with all branches of chemistry and 

disciplines of pure and applied sciences. Analytical 

tools play an important role in the development and 

evaluation of new products. These devices provide 

the detection limits needed to ensure the safety of 

food, medicine, water and air. This analytical 

method is based on four main principles: 

electrochemistry, spectroscopy, chromatography 

and linear methods. 13spectroscopy, liquid 

chromatography-mass spectrometry (LC-MS), high 

performance liquid chromatography (HPLC), high 

performance thin layer chromatography (HPTLC), 

ultra-high performance liquid chromatography 

(UPLC) and capillary electrophoresis (CE), GC -

MS, LC-ESI/MS and diagnostic tests are used to 

analyze antidiabetic drugs.14  

1. Spectrophotometry: 

Since the vildagliptin molecule does not have a 

conjugated double bond system, there is no 

absorption peak in the UV spectrum. This spectrum 

has a peak around 260 nm. However, the reported 

study suggests a valid spectrophotometric method 

for the detection of vildagliptin using a test solution 

concentration of 200 μg/mL, water as solvent, and 

an analytical wavelength of 266 nm. 11 This report 

shows the analytical wavelength of 244 nm. At a 

vildagliptin test solution concentration of 25 

μg/mL, a wavelength of 202.5 nm in 0.5 M HCl is 

reported. 12 A spectrophotometric method for 

measuring vildagliptin with metformin 

hydrochloride using the first derivative spectrum is 

described. We also evaluate vildagliptin using 

second derivative spectrometry. 13,14,15 

A simple and sensitive spectrophotometric method 

for the estimation of metformin hydrochloride in 

bulk and tablet formulations has been developed 

and validated. The primary amino group of 

metformin hydrochloride reacts with ninhydrin in 

an alkaline environment to form a purple 

chromogen that is measured spectrophotometrically 

at 200-400 nm. 16In the range of 18-8 μg/ml, beer 

from the laws of The recovery of the drug by the 

proposed method is 97-100%, which indicates that 

there is no interference from side substances in the 

tablets.17 

http://www.jchr.org/
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Table 1: Optical parameters of Vildgliptin and 

metformin 

Sr. 

No

. 

Paramete

rs 

Vildaglipti

n 

Metformi

n 

1 Wavelengt

h of 

maximum 

244-266 

nm 

200-400 

nm 

2 Beer’s law 

limit 

30-70 

μg/ml 

8-18 

μg/ml 

3 Regression 

Equation 

Y=0.011x 

– 0.029 

Y=0.080x 

+ 0.088 

4 Slope 0.011 0.080 

5 Corel. 

Coeff. (r2) 

0.990 0.990 

6 Molar 

absorptivit

y (L mol-1 

cm-1) 

0.0462 X 

10-4 

1.334 X X 

10-4 

7 Sandell’s 

Sensitivity 

0.00358 X 

10-4 

0.440 X 

10-4 

 

2. High-performance liquid chromatography 

MS/MS (HPLC): 

High-performance liquid chromatography (HPLC) 

is an ideal technique for routine analysis because its 

sensitivity, reproducibility, and ability to separate 

compounds from a variety of matrices result in high 

resolution and short analysis times. Despite these 

advantages, existing HPLC methods can only 

monitor vildagliptin and metformin.18 In addition, 

the same dose may not contain compounds related 

to metformin as recommended by European and US 

pharmacopoeias.19 Longer wavelengths (263 and 

293 nm) have been used to improve selectivity in 

some HPLC methods, but are not used as 

chromophore molecules of vildagliptin and 

metformin, which causes a decrease in sensitivity. 

In other cases, the sensitivity is increased by using 

shorter wavelengths (210-220 nm), but the 

selectivity of the method is not sufficient. This 

validation is an important step to prove that the 

method is in accordance with the intended 

purpose.20 

HPLC tandem mass spectrometry (MS/MS) has 

been shown to offer several advantages over other 

methods, including the ability to analyze drugs in 

complex matrices with high sensitivity and 

selectivity. HPLC-MS/MS is a promising method 

for simultaneous quantification of vildagliptin and 

metformin.21. 

3. High-performance thin-layer 

chromatography (HPTLC): 

A high-performance thin layer chromatography 

(HPTLC) method was developed for the 

simultaneous evaluation of major and commercial 

combination dosage forms of metformin 

hydrochloride (MET) and vildagliptin (VLD). The 

HPTLC method was developed using the Camag 

HPTLC system. A TLC plate coated with silica gel 

60GF254 is used as the stationary phase. Mobile 

phase ammonium acetate (1% w/v) in methanol: 

toluene; This is (10:0.5). Spot detection is 

performed by densitometry at absorbance at 214 

nm. Rf values of MET and VLD were found to be 

0.44 and 0.55, respectively. The performance 

characteristics of the HPTLC method for the 

simultaneous estimation of MET and VLD and the 

commercially available combination doses were 

statistically validated according to the 

recommendations of the ICH guidelines for the 

validation of the analytical method. 22 The HPTLC 

method was linear between 1000 and 5000 ng/spot 

and 2000 and 500 ng/spot for MET and VLD, 

respectively. For HPTLC, the LOD values for MET 

and VLD were 17.22 ng/dot and 34.60 ng/dot, 

respectively, and the LOQ values for MET and 

VLD were 52.20 ng/dot and 104.85 ng/dot, 

respectively. The HPTLC method is simple, 

accurate, linear, accurate, precise and reliable, so 

this method can be used for the routine analysis 

required and simultaneous evaluation of 

formulations containing MET and VLD.22,23 

http://www.jchr.org/
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4. Ultra-performance liquid chromatography 

(UPLC): 

Ultra-performance liquid chromatography (UPLC), 

a new category of separation technology, is the most 

promising development in high-speed 

chromatographic separation with high 

chromatographic resolution, speed, and analytical 

sensitivity. A new, sensitive and rapid screening 

method using ultra-performance liquid 

chromatography (UPLC) was developed and 

validated according to ICH guidelines for the 

simultaneous determination of two binary mixtures. 

Vildagliptin and Metformin Hydrochloride and 

Ciprofloxacin Hydrochloride and Dexamethasone 

Sodium Phosphate.24,25. 

5. Capillary electrophoresis (CE): 

Capillary electrophoresis (CE) is now a safe and 

reliable method for drug analysis and is 

recommended by several pharmacopoeias, 

including the British Pharmacopoeia and the US 

Pharmacopoeia (USP 34 2011; BP 2012). Capillary 

zone electrophoresis (CZE) and micellar electro 

kinetic chromatography (MEKC) are two widely 

used techniques for the separation of 

pharmaceuticals (whether pharmaceutical 

formulations or body fluids) and anti-drugs. 

Various substances such as pollutants.26,27 

CE is important for drug quality control in 

quantitative and qualitative analysis and is now as 

important as HPLC in drug analysis. Quantitative 

analysis is mainly determined by comparing the 

migration time and standard deviation of the target 

compound. Quantitative analysis of abnormal 

nature calculated according to the standard 

calibration curve. CE separation relies on the 

interaction of solutes in an electric field, and 

electrophoresis is performed in a narrow-angle 

capillary filled with background electrolyte 

(BGE).28,29. 

6. Gas-chromatography-mass spectrometry 

(GC-MS): 

The new analytical technique of gas 

chromatography-mass spectrometry (GC-MS) is 

mainly used to analyze volatile drugs and waste 

solutions, some weak compounds and the absence 

of chromophores. GC-MS offers several advantages 

for the analysis of metformin and vildagliptin 

compared to HPLC, including higher throughput, 

sensitivity, specificity, shorter analysis time, and 

lower sample volume.30,31 

7. Liquid Chromatography with tandem mass 

spectrometry (LC-MS-MS): 

Liquid chromatography and tandem mass 

spectrometry (LC-MS-MS) is a powerful analytical 

technique that combines the separation power of 

liquid chromatography with the sensitive and 

selective mass spectrometry capabilities of a 

quadrupole mass spectrometer. The sample solution 

containing the desired analyte is transferred through 

the mobile phase to the stationary phase (LC 

column) under high pressure. The chemical 

interaction between the sample components, the 

stationary phase, and the mobile phase affects the 

different migration rates through the LC column 

and affects the separation. A variety of 

combinations of stationary and mobile phases 

allows the separation to be customized for many 

complex solutions. 33,34 

After washing through the LC column, the liquid is 

sent to the mass spectrometer. The mass 

spectrometer of the LC/MS/MS system contains an 

ionization source that atomizes, dissolves, and 

ionizes the LC column flow to produce charged 

particles.34. 

 

Pharmaceutical fixed-drug combinations of 

vildagliptin and metformin: 

Fixed drug combinations containing metformin and 

other anti-diabetic drugs are available to speed up 

treatment without increasing the pill burden. FDC 

has been shown to reduce complications, improve 

adherence and glycemic control, and improve 

treatment satisfaction compared with patients 

receiving free drug combinations. 35,36 

Vildagliptin belongs to the group of DPP4 

inhibitors (gliptins) and is usually recommended as 

http://www.jchr.org/
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a second or subsequent treatment with metformin. 
37Both drugs have complementary mechanisms of 

action. Metformin improves blood glucose control 

by decreasing hepatic glucose production, 

decreasing glucose uptake, and increasing insulin-

mediated glucose uptake. Inhibition of DPP4 delays 

the inactivation of the incretin hormones that are 

dependent on glucose-glucose insulinotropic 

polypeptide (GIP) and GLP-1, thereby increasing 

their plasma levels and prolonging their action. It 

stimulates the release of insulin from the beta cells 

of the pancreas and inhibits the release of glucagon 

from the alpha cells of the pancreas. Ultimately, 

both effects lead to a decrease in fasting and 

postprandial hepatic glucose production, thereby 

reducing hyperglycemia. 38The addition of 

vildagliptin to metformin improves glycemic 

control by regulating haemoglobin A1c (HbA1c) 

and fasting plasma glucose (FPG) and Hbc1 levels. 
39 Vildagliptin has low hypoglycemic and 

gastrointestinal effects, is independent of weight 

gain, and is cardiovascular safe. Therefore, 

depending on the patient's needs, metformin is 

recommended as an additional therapy. Treatment 

costs must also be considered, so generic products, 

which are often inexpensive, can be a low-cost 

treatment option.40 

Metformin immediate-release –Vildagliptin FDC 

Therapy: 

Vildagliptin is a DPP-4 enzyme inhibitor that 

inactivates incretin hormones such as GLP-1 and 

glucose-dependent insulinotropic polypeptide 

hormones and contributes significantly to 

maintaining glucose homeostasis. 41A double-blind, 

randomized, multicentre, parallel-group study of 

HbA1C and fasting plasma. 42 Metformin 

Immediate-release (IR) -Vildagliptins provides 

superior efficacy by showing additional plasma 

glucose lowering effects in addition to beneficial 

effects on FDC beta cell function. 43Until recently, 

metformin was administered as an IR formulation 

at doses of 500 mg, 850 mg, or 1000 mg three times 

a day. 44 Metformin IR therapy is associated with 

multiple doses (2-3 times a day) and few 

gastrointestinal side effects. This leads to patient 

non-compliance and high HbA1c levels, making it 

difficult for doctors to optimize the dose. Although 

FDC is associated with better glycemic control than 

metformin monotherapy, FDC IR-vildagliptin 

metformin shows common problems associated 

with metformin IR monotherapy.45-47.  

Role of Metformin sustained release therapy in 

improved treatment satisfaction: 

Sustained-release (SR) metformin therapy has been 

introduced to overcome all of the above limitations 

associated with IR metformin therapy.48 

Unlike metformin IR, which releases 90% of the 

drug in 30 minutes, metformin SR has a delay of 4-

7 hours in plasma concentration, a longer gastric 

retention time, and is easier to clear from the upper 

digestive tract. Slowly absorbed. Therefore, once-

daily dosing has been shown to improve 

gastrointestinal tolerance. 49After 6 months of 

single treatment, metformin SR prevented 

gastrointestinal side effects in 77% of patients, and 

83% of patients prescribed metformin SR at the end 

of treatment. 50Biological activities of combination 

of Metformin and vildagliptin: 

T2DM treatment aims to achieve optimal metabolic 

control and maximum safety. Metformin is 

recommended as first-line therapy and diet therapy. 
51,52 If metabolic control is not achieved, adding 

another drug as combination therapy is 

recommended. and/or sulfonylureas.53,54 Dipeptidyl 

peptidase-4 (DPP-4) inhibitors, such as 

Vildagliptin, have advantages over conventional 

secretagogues in that they significantly reduce 

hypoglycemia through the mechanism of glucose-

dependent insulin secretion stimulation. 55 

Vildagliptin is an orally active, potent, and selective 

dipeptidyl peptidase-IV (DPP-4) inhibitor that 

causes type 2 diabetes mellitus (T2DM) primarily 

by improving pancreatic function (α and β). 

Improve blood sugar control. 56 Thus, vildagliptin 

increases insulin secretion and inhibits 

inappropriate glucagon secretion in patients with 

http://www.jchr.org/
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type 2 diabetes. It lowers HbA1c when used as a 

medicine. Metformin, which has a different 

mechanism of action that does not resolve cellular 

dysfunction, has been used for almost 50 years and 

is a universal first-line treatment in all indications.57 

 

Conclusion:  

Diabetes mellitus (DM) is a metabolic disease 

caused by decreased insulin activity and/or insulin 

secretion in the body. This rapidly growing field of 

pharmacology has generated hundreds of natural or 

synthetic compounds with antiglycemic properties 

in recent years, many of which are currently in 

clinical trials. 

Recently, several combinations of the antidiabetic 

drugs metformin hydrochloride, vildagliptin, and 

saxagliptin have been approved for type II diabetes. 

For Metformin and Hydripidoc Wild Koch, various 

methods are used such as liquid chromatography, 

fluorescence, high performance liquid 

chromatography, high performance thin layer 

chromatography, spectrophotometry, gas 

chromatography, UV spectroscopy, mass 

spectrometry or tandem mass spectrometry. . 

Metformin works primarily by reducing 

endogenous glucose production in the liver. 

Vildagliptin works primarily by inhibiting DPP-4, 

an enzyme involved in breaking down the hormones 

GLP-1 (glucan-like peptide-1) and GIP (glucose-

dependent insulinotropic polypeptide) 
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