


Review on Simultaneous Estimation of Metformin Hydrochloride,  Empagliflozin, Linagliptin

ABSTRACT:-
 Sodium glucose co-transporter-2(Sglt-2) inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors and biguanides are the agents which are defined as the anti-diabetic agents used in treatment of type 2 Diabetes Mellitus. Metformin Hydrochloride, linagliptin, empagliflozin, are the drugs of the class mentioned. 
Objective:
The aim is to provide the information of the different analytical methods used in the estimation of these drugs.Since most of the patients are unable to maintain their glucose levels by only a single drug a combination of one/ more drug has been used inorder to maintain the diabetes The present review provides information on various simultaneous estimation to determine the three drugs in combination [trijardy xr] and either of the drugs in the pharmaceutical preparations.The literature survey focused on the analytical methods for the estimation of the drugs individually and also in combination by QBD, RP-UPLC,RPHPLC,UPLC,HPTLC, LC-TMS,UV were performed and repoted. 
Conclusion:
People who take the drugs can receive the same treatment in a single combination tablet.
The single pill combination may also simplify the potential therapy and it also improve the clinical outcmes when it is compared with the administration of a single tablet.
Key words:-analytical method development, analytical method validation, metformin Hydrochloride, linagliptin and empagliflozin.
INTRODUCTION:-
Analysis plays a major role in any product or the service and also in the drugs as they are important for the life [1]. Analytical methods are important in various operations (pharmaceutical analysis) in order to attain the reliable, accurate data of the chemical compound [2]. Analytical method development means methods for the identification, separation, quantification of the chemical compounds of the materials [3].  The choice of selection of method development is based on the chemical properties of the analyte and its concentration, the time and cost of analysis the number of samples, and the quantitative and qualitative information [4].  A qualitative method provides information of the chemical behavior in the sample. Whereas the quantitative methods provide information on the number of the analytes present in the sample [5].
Generally these are the following steps for the method development:
· A plan for the method development
· Gathering the background information
· Laboratory method development i.e. sample preparation, analytical method development, detection, data processing ,
· Generating the test procedure [6-7].
There are different analytical techniques each with its validation requirements such as Identification, potency assays, quantitative tests for impurities, limit test for the control of impurities (these are universal tests) [8] .Methods which are used for the quantitative determination are Gas chromatography, High performance liquid chromatography [9-10].  Thin layer chromatography, TLC along with GC and LC Mass spectrometric methods such as LC-MS [11-12], LC-MS-MS, GC-MS, GC-MS-MS [13-14], Method used to determine molecular mass of a compound is Mass spectrometry (both qualitative and quantitative information) [15]. Method used for the structure identification is Nuclear magnetic resonance spectroscopy [16-17]. Chromatographic techniques are used for the separation of the compounds in the mixture. This separation is based on the principle of partition of the compounds between the stationary and the mobile phase in the system [18]. Advantage of the TLC is low cost of operation and high sample throughput and small quantity of mobile phase usage with large sample run[19-20] .An enhancement of TLC is HPTLC to increase resolution and accuracy of the measurements [21-22]. Liquid chromatography mainly  based on the interaction between the solute and the stationary phase such as: Adsorption chromatography (liquid –solid chromatography), Partition chromatography (liquid –liquid chromatography), Ion –exchange chromatography, Size exclusion chromatography [23]. UPLC is a new technique in liquid chromatography that reduces separation time, consumption of solvent, time of analysis when compared to conventional HPLC [24-25]. 
 A method is said to be well developed when it is easy to be validated. “An Analytical method validation is defined as the process or the performance characteristics that the method should meet the requirements of analytical application.”It plays an important role in quality as well as  safety of a final product. The methods are validated according to the International Conference on Harmonization (ICH) guidelines for the Purpose of validating the analytical procedures in the pharmaceutical industries [26-27]. Validation is characterized by the following parameters:
Accuracy: - closeness of the test results obtained by the method to the true value.
Precision: - closeness of agreement between a series of measurements obtained from multiple sampling of the homogenous sample in the different conditions of repeatability, intermediate precision and reproducibility.
Specificity: - ability to measure the analyte in the presence of components which may be expected to be present.
Detection limit: - lowest amount of analyte in a sample which can be detected but not necessarily quantitated.
Quantification limit: - lowest amount of analyte in a sample which can be quantitatively determined.
Linearity: - ability to obtain test results that is directly proportional to the concentration of analyte in the sample.
Range: - is the interval between the upper and lower concentration of analyte in the sample.
Robustness: - is a measure of its capacity to remain unaffected by small, but deliberate variations in method [28-32].
DIABETESMELLITUS [DM]: - - It is one of the chronic disorders, It is defined as a group of physiological impairments or chronic hyperglycemia as is  the inability of the cell to use glucose which is essential for the proper biological functions .Insulin insensitivity , impaired insulin secretion, or excessive glucagon secretion  are the cause for this DM .
Type 1:-INSULIN DEPENDENT DM [due the intake of exogenous insulin]
Type 2:- NON-INSULIN DEPENDENT DM [more commonly found in older adults].[33-34]
Oral anti-diabetic drugs are used in case of type 2 DM, which includes SGLT-2inhibitors, DPP-4inhibitors, and biguanides. [35]
BIGUANIDES:-
These are prescribed as an anti –hyperglycemic agents and are essential to decrease hepatic glucose production. Increase peripheral uptake of glucose and slightly reduce LDL cholesterol levels. The major side effects of biguanides is gastrointestinal distress and also nausea , vomiting, long term use of these drugs causes decrease in the absorption of vitamin B-12.[36-37] 
Metformin hydrochloride (MET) chemically called as N-dimethylmethanimidamide hydrochloride. It is an antihyperglycemic agent which is taken orally and   belongs to the class of biguanides and used for the treatment of type 2 diabetes. Its Molecular formula is C4H11N5·HCl and molecular weight is 165.625g/mol. It is considered an antihyperglycemic drug as it lowers blood glucose concentrations in type 2DM without causing hypoglycemia. [38]. 
DIPEPTIDYL PEPTIDASE - 4INHIBITOR:- 
These are a class of oral antidiabetic drugs which are the alternatives to GLP-1 agonist. These drugs increases insulin secretion from pancreatic beta cells, and lowers the glucose amounts in an insulin dependent manner and decreases plasma glucagon secretion from pancreatic alpha cells which in turn reduces the endogenous glucose production. [39-40]. 
 Linagliptin (LIN) chemically called as (R)-8-(3-aminopiperidin1-yl)-7-but-2-ynyl-3-methyl-1-(4-methylquinazolin-2- ylmethyl)-3, 7-dihydro-purine-2, 6-Dione. Its molecular formula is C25H28N8O2 and molecular weight is 472.5422 g/mol. It is a competitive, reversible DPP-4 inhibitor. It is used for treatment of type-II diabetes. It blocks the action of DPP-4 enzyme that destroys the hormone GLP-1 which increases insulin secretions and inhibits release of glucagon which results in decrease of glucose level in the circulation [41].
SODIUM GLUCOSE CO-TRANSPORTERS 2 INHIBITORS:- 
These drugs play an important role in glucose homeostasis by filtering and reabsorption of glucose in the proximal tubules. [42-43]
Empagliflozin (EMPA) chemically called as 1-chloro-4-(glucopyranos1-yl)-2-(4-(tetrahydrofuran-3-yloxy) benzyl) benzene. The molecular formula is C23H27ClO7 and the molecular weight is 450.91 g/mol. EMPA is a sodium glucose co-transporter-2 (SGLT-2) inhibitor and is used to treat the patients suffering with the type 2 diabetes. SGLT2 co-transporter inhibitors are responsible for re-absorption of glucose in the kidney and promote the excretion of Excess glucose in urine. Empagliflozin helps to reduced hyperglycemia condition and also reduces weight and blood pressure [44-45].
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Fig 1: Chemical structure of compounds
Trijardy XR:  A new fixed dose combination of extende release tablets has been evaluated and also approved by the FDA for the treatment of diabetes.It is a combination of MET, LIN, EMPA   approved on June 4th, 2019 for treating diabetes.  it is effective in controlling diabetes by several clinical trials. This combination helps to reduce blood glucose level in adult with diabetes [46].It helps lower blood glucose (sugar) in several ways by raising the levels of natural hormones that help control blood sugar, especially after meals.It increases insulin levels that helps your body use sugar for energy.decreses the amount of sugar absorption.[47]Top of Form
Bottom of Form

Mechanism of action:
This combined dosage drug helps in Empagliflozin: reduction of the renal reabsorption of filtered glucose and it also reduces the renal threshold leading to the excretion of the urinary glucose levels. Linagliptin: it stimulates the release of insulin and reduces glucagon levels in the blood circulation . Metformin hydrochloride: it decreases  the intestinal adsorption of the glucose and improve insulin sensitivity. Combination of the drugs empagliflozin/linagliptin is safe and effective as an add-on therapy to metformin in patients.[48-50].



Chart 1: Pharmacokinetics:
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According to literature survey there are only few methods reported for the determination of MET, LIN and EMPA in combination:
Table 1- Methods reported for the determination of MET, LIN and EMPA in combination:
	SL.No
	Author and the year
	Formulation
	Method 
	Mobile phase 
	Stationary phase
	Wave
length
	Reference

	1
	Gurrala S
2022
	MET,EMPA,LINA Tablet
	QBD Oriented HPLC
	Acetonitrile: phosphate buffer(38:62%v/v)
	Discovery C18 column 
	222nm
	51

	2.
	Vankalapati KR
2021
	MET,EMPA,LINA Tablet
	Stability indicating RP-UPLC
	Phosphate buffer: acetonitrile (40:60%v/v)
	Kromasil C18 column(2.1×50mm,1.8µm)
	248nm
	52

	3
	Kiran T
2020
	MET,EMPA,LINA Tablet
	RP-HPLC
	Acetonitrile: Ortho phosphoric acid (55:45%v/v)
	Kromasil8 column(250mm×4.6mm×5µ)
	233nm
	53

	4
	Ayoub BM
2015
	MEL,EMPA,LINA Bulk and with other pharmaceutical dosages
	UPLC
	Potassium dihydrophosphate;Methanol(50:50%v/v)
	Symmetry AcclaimTM RSL120 C18 column (100mm×2.1nm,2.2µm)
	225nm
	54

	5
	Patel IM
2020
	MET,EMPA,LINA
	HPTLC
	n-butanol: water: glacial acetic acid
	Aluminum plates precoated with silica gel  60F254
	---
	55



And several attempts have been developed for the determination of either of the drugs:-

Table 2- Determination of drugs

	SL.No
	Author and the year
	Formulation
	Method 
	Mobile phase 
	Stationary phase
	Wave
length
	Reference

	1
	Varaprasad C
2015
	LINA,MET
	RP-HPLC
	Acetonitrile:
0.02MPhosphate buffer (35:65%v/v)
	X-bridge C18 150×4.6mm
	225nm
	56

	2
	Pandya RH 
2014
	LINA,MET
	RP-HPLC
	Acetonitrile : 0.01M dihyrophosphate(75:25%v/v)
	Grace vyadyec genesis CN (150×4.6mm,4µm)
	237nm
	57

	3
	S.Shirisha
2014
	LINA,MET
	RP-HPLC
	KH2 PO4 : Acetonitrile(40:60%v/v)
	Hypersil BDSC18  Column(4.6×250mm,5µm)
	250nm
	58

	4
	Vemula P
2015
	LINA,MET
	RP-HPLC
	Methanol:0.05M Potassiumdihydrogen orthophosphate(70;30%v/v)
	C18  column
	267nm
	59

	5
	Srivani J 
2016
	LINA,MET
	HPTLC
	Acetone:3
Methanol :1  chloroform:5 formicacid:1(v/v)
	Silica gel F254 HPTLC
	230nm
	60

	6
	Kumar DV 2018
	MET,EMPA
	RP-HPLC
	Acetonitrile:0.1% orthophosphoricacid 
	Kromosil C18  column
	260nm
	61

	7
	Padmaja N
2017
	MET,EMPA
	RP-UPLC-DAD
	0.1% Orthophosphate : Methanol(40:60%v/v)
	C18   bridged ethylene hybrid 
	254nm
	62

	8
	Ayoub BM
2017
	MET,EMPA
	LC-MS/MS
	0.1 Formic acid: acetonitrile(75:25%v/v)
	C18   bridged ethylene hybrid (150mm×2.1mm,1.7µm)
	---
	63

	9
	Donepudi S
2018
	MET,LINA
	RP-HPLC
	Buffer: acetonitrile(68:32%v/v)
	Discovery C18 (250×4.6×5)
	218nm
	64

	10
	Shah PA 
2019
	MET,LINA
	LC-TMS
	Ammonium acetate: acetonitrile
	X select HSS Cyano(50×2.1mm,3.5µm)
	------
	65

	11
	Konali SN
2017
	LINA,MET
	Stability indicating UV method
	-------
	-------
	250nm
	66

	12
	Gajare
2017
	LINA,MET
	UV Spectroscopic method
	---------
	-----------
	295nm
And
234nm
respectively
	67

	13
	Sachin S
2021
	EMPA,LINA
	UV Spectroscopic method
	----------
	------------
	276nm
And 
293nm
	68

	14
	Dange YN 
2017
	EMPA,MET
	UV Spectroscopic method
	-----------
	-------------
	227nm
	69

	15
	Munde MK
2020
	EMPA,MET
	UV spectroscopic method
	----------------
	--------------
	224nm
And 232nm
	70



CONCLUSION:-
The suggested RP-LC method validation has been completed in accordance with the International Conference on Harmonisation (ICH) Q2 (R1) guideline. According to statistical analysis, the suggested RP–LC approach was repeatable and selective, and it may be used to estimate empagliflozin, linagliptin, and metformin HCl simultaneously in bulk and synthetic mixtures. The suggested technique might be used to estimate all three medications at the same time in a pharmaceutical formulation.	
Empagliflozin/linagliptin combinations were well tolerated and, when used as second-line therapy for 52 weeks, significantly decreased HbA1c as compared to the individual components.The assessed dosages of the free combinations of empagliflozin, linagliptin, and metformin XR FDC tablets were bioequivalent. Recently, the FDA authorised this triple FDC to help adults with type 2 diabetes improve their glycaemic control based on these two bioequivalence trials and current phase 3 results.
The triple FDC may be a suitable choice for a variety of patients, such as those with established ASCVD or high-risk indicators, established heart failure, or chronic kidney disease, because of the combination's tolerability, empagliflozin's possible positive effects on CV and renal outcomes, and the fact that neither medication increases the risk of heart failure. The use of an FDC therapy could streamline individual treatment regimens for T2D and lower the risk of nonadherence. Patients with T2D may be at risk of nonadherence due to the complexity of treatment of the condition, which involves multiple medications, treatments for comorbid conditions, and self-care activities (e.g., diet, exercise, foot care, blood glucose monitoring). Using an FDC therapy could lower the risk of nonadherence and streamline individual T2D treatment plans. Because of this, there is a chance that more patients will follow their treatment plans and meet their glycaemic goals, which may reduce their long-term risk of developing micro- and macrovascular disease and other problems with type 2 diabetes.
Summary:
This review helps to understand finding from recent research and also the analytical methods performed are as per ICH guidelines and are safe to use.
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Absorption/Distribution:

Empagliflozin Linagliptin Metformin
Tmax 1.5 hours T5hours | 7-8 hours
Vd 738L 1oL 654 +358L
TV 12.4 hours Terminal: 200 hours Plasma: 6.2 hours
Accumulation: 11 hours | Blood: 17.6 hours
Clearance 10.6 L/hour 70 mL/minute 3.5 x greater than CrCl
Protein Binding 86.2% 70-99% Negligible
Bioavailability 30% 50-60%
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