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Abstract 

Metformin is a widely used oral antihyperglycemic agent and a first-line therapy for the management of type 2 diabetes mellitus, particularly in 
patients with obesity. Owing to its extensive clinical use, the development of reliable analytical methods for its quantification in bulk drugs, 
pharmaceutical formulations, and biological matrices is essential. This review compiles and critically evaluates various analytical techniques 
reported for the estimation of metformin, both as a single drug and in combination with other antidiabetic agents. The discussed methods include 
high-performance liquid chromatography (HPLC), ultra-performance liquid chromatography (UPLC), high-performance thin-layer chromatography 
(HPTLC), UV–visible spectrophotometry, and liquid chromatography–tandem mass spectrometry (LC–MS/MS). Among these, HPLC and LC–MS/MS 
methods are most widely employed due to their high sensitivity, specificity, and reproducibility. This review aims to assist researchers in selecting 
appropriate analytical techniques and highlights the need for developing cost-effective, rapid, and environmentally sustainable methods. 
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Introduction 

Metformin hydrochloride, the hydrochloride salt of N,N-dimethylimidodicarbonimidic diamide, is an antihyperglycemic agent that generally does 
not produce hypoglycemia under normal therapeutic conditions. Biguanides reduce hepatic glucose production and improve peripheral insulin 
sensitivity, particularly in skeletal muscle tissue, thereby enhancing glucose utilization and glycemic control [1–15]. Several previously reported 
analytical methods are time-consuming, costly, and technically complex. In addition, some methods utilize expensive and hazardous mobile phases 
that may reduce column efficiency and shorten column lifespan. Therefore, the present method was designed to provide a simple, rapid, sensitive, 
and economical approach for the determination of metformin in bulk drug substances and pharmaceutical dosage forms. Metformin is the most 
widely used oral biguanide for the management of type 2 diabetes mellitus. Its antihyperglycemic activity is primarily mediated through reduction 
of hepatic gluconeogenesis and improvement of peripheral glucose uptake. These effects are associated with activation of liver kinase B1 (LKB1), 
which subsequently activates adenosine monophosphate-activated protein kinase (AMPK). Activation of AMPK suppresses hepatic glucose 
production by regulating transcriptional coactivators such as transducer of regulated CREB protein 2 (TORC2). In addition, inhibition of 
mitochondrial respiration has been proposed as another mechanism contributing to reduced gluconeogenesis by decreasing intracellular energy 
availability within hepatocytes [1]. The increasing global prevalence of type 2 diabetes mellitus is strongly associated with obesity, sedentary 
lifestyle, and western dietary habits. Owing to the clinical importance of metformin in antidiabetic therapy, numerous analytical methods have been 
reported for its quantitative estimation alone or in combination with other drugs. This review summarizes and critically evaluates the analytical 
techniques reported for metformin and its pharmaceutical combinations, with emphasis on method validation parameters and their pharmaceutical 
applications. 

Physical and chemical properties  

The drug metformin is white and almost white crystalline powder, metformin diluted in water with IUPAC name: 3-(diamino methylidene)-1,1-
dimethylguanidine, molecular formula C4H11N5 with molecular weight: 129.197 g/mol, melting point; 223–226◦ C (decomposes), it is soluble 
freely as HCl salt in water, stable under recommended storage conditions. Hazardous decomposition products are formed under fire conditions. 
Metformin exhibits a pKa value of approximately 12.4, indicating its strong basic nature. It is highly hydrophilic with a log P value of −1.43, 
reflecting poor lipid solubility. The drug shows high aqueous solubility, which is pH-dependent, with increased solubility under acidic conditions 
due to protonation. These physicochemical properties significantly influence its chromatographic behaviour and method development. [2] fig. 1 
shows the structure of metformin hydrochloride. 

 

 

Fig. 1: Chemical structure of metformin hydrochloride (Created by authors using ChemDraw). 
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Search strategy 

A thorough literature search was conducted using PubMed, ScienceDirect, Google Scholar, and SpringerLink. The search was performed with the 
terms "metformin," "analytical methods," "HPLC," "UPLC," "HPTLC," "LC–MS/MS," and "method validation." The years 2006 to 2025 were 
considered in the publication dates. It included original, peer-reviewed articles published in English, focusing on validated analytical methods for 
metformin, either alone or in combination with other drugs. Excluded were review articles, duplicate studies, and those works for which there was 
an inadequate description of the methodology used. Duplicate records identified during the literature search were screened and removed before 
inclusion in the review. Reference lists were manually verified to avoid duplicate citation of the same source. 

Analytical method 

Due to its medical relevance, the development of analytical methods that can accurately quantify metformin or its formulations has been an 
important aspect in pharmaceutical research. Method development is essential in establishing quantitation and stability studies, as well as quality 
control of the substance which guarantees the efficacy and safety in the application thereof. There have been numerous studies using various 
techniques in the development of methods for metformin quantitation in the past two decades, particularly from 2006 to 2025. The different 
techniques used range from spectrophotometric techniques, chromatographic methods (such as HPLC, UPLC and LC-MS/MS), and hyphenated 
techniques, among others. In the process, there has been an improvement in analytical science as well as a demonstration of the need for optimizing 
the methods due to the existing problems of interference, sensitivity, and regulatory aspects. This review aims to combine and critically evaluate the 
diverse methodologies developed during this period, emphasizing their significance in pharmaceutical analysis and their role in ensuring the 
consistent quality of metformin-based therapies. 

High-performance liquid chromatography  

Bhoomaiah B. et al. published an RP-HPLC method for the simultaneous determination of metformin and Miglitol in bulk drugs and combined 
dosage forms, which was demonstrated to be fast, accurate, reproducible, and straightforward. Chromatographic separation was attempted using a 
Kromasil C18 column (4.6 mm × 150 mm, 5 μm). Isocratic mobile phase consisted of 60% phosphate buffer (pH adjusted to 5.3 by potassium 
hydroxide) and 40% methanol flowing at 0.9 ml/min. UV detection was performed at 238 nm. Retention times of metformin and Miglitol were 
found to be 3.86 min and 7.56 min, respectively, indicating separation in a short period of time. Linearity was verified within a range of 200-500 
μg/ml for metformin and 20-50 μg/ml for Miglitol. Percent recoveries of metformin (98.12%-101.53%) and Miglitol (98.06%-101.80%) indicated 
good accuracy of the method. Validation was performed according to ICH criteria, with the conclusion that the method is precise, specific, and 
reproducible. This RP-HPLC method will be utilized for routine quantitative evaluation and validation of the stability of both metformin and Miglitol, 
when these drugs are available in bulk and/or combined dosage forms [3]. 

Khagga Bhavyasri et al. created a low-cost, easy-to-use, accurate, dependable and reproducible reverse-phase high-performance liquid 
chromatographic (RP-HPLC) method to simultaneously determine dapagliflozin (DGL) and metformin HCl (MFH) in bulk drug and through various 
combination tablet dosage forms. The two drugs were separated on a Phenomenex C18 column (250 mm x 4.6 mm) in the mobile phase of Water: 
Methanol (50:50) and a flow rate of 1.0 ml/min and detected at 230 nm with a column temperature of 30 °C. The method had linearity for MFH over 
the concentration range of 2-7 µg/ml and for DGL over 60-210 µg/ml, with both having correlation coefficients (r-squared) = 0.999. The precision of 
the method was determined to be 0.6342% for MFH and 0.8214% for DGL. The method provides estimated limits of detection (LOD) and limit of 
quantification (LOQ) as 263,000 ppb and 324,000 ppb, respectively, for MFH and 345,000 ppb and 415,000 ppb, respectively, for DGL. The assay of 
randomly chosen commercial products containing MFH = 99.85% and DGL = 99.73% confirmed the accuracy, reliability, and reproducibility of this 
analytical method for use in routine quality control assessment of combination dosage forms. The original publication was re-examined and the 
reported linearity ranges were confirmed as 2–7 µg/ml for metformin hydrochloride and 60–210 µg/ml for dapagliflozin. Although these ranges 
appear atypical compared with many reported methods, they are reproduced exactly as described in the source article [4]. 

Akteruzzaman M. et al. developed and validated a simple, efficient, precise, and accurate reverse-phase high-performance liquid chromatographic 
(RP-HPLC) method for the simultaneous estimation of metformin hydrochloride and rosiglitazone in combined tablet dosage forms. The objective of 
this study was to develop and validate a rapid, easy-to-use, reliable, and accurate RP-HPLC procedure for the simultaneous quantification of 
metformin and rosiglitazone in combined tablet form. The chromatographic separation was performed on a C18 bonded silica (ODS) column 
measuring 250 × 4.6 mm with a particle size of 5 μm. The mobile phase comprised a 60:40 (v/v) mixture of sodium dihydrogen phosphate buffer 
(pH 3.5) and acetonitrile, and the flow rate was 0.7 ml/min. The respective retention times were 3.35 min for metformin and 11.95 min for 
rosiglitazone. The reported linearity range for both analytes was 0.03125–0.50 mg/ml (31.25–500 µg/ml), with correlation coefficients (r²) of 0.999 
for metformin and 1.00 for rosiglitazone. The assay method met all ICH, USP, and FDA requirements for validation, thus confirming its accuracy and 
precision. Therefore, this method can be used routinely for the quantitative analysis of metformin and rosiglitazone in their pharmaceutical dosage 
forms. The values are presented as reported in the original publication [5]. 

Chaudhary A, and Singh validated and created a simple, rapid, and accurate RP HPLC technique for quantifying both Remogliflozin and metformin at 
the same time in both tablet and bulk drug forms. The C18 (2.5 μm size) column (250 × 4.6 mm) separation of the compounds was performed using 
an isocratic mobile phase of acetonitrile and 20 mmol ammonium formate (60 percent acetonitrile, 40 percent buffer at pH = 3.5) delivered by a 1.0 
ml/min. The compounds were detected at 243 nm. For Remogliflozin, the linearity (2.5–25 µg/ml) was established. It was also noted that there 
was linearity between metformin at 12.5–125 µg/ml. The corresponding LODs for Remogliflozin and metformin were 0.42 and 0.196, respectively. 
The 100 percent assay results utilizing the validated procedure on the marketed formulations equated to the original formulation's concentrations 
confirming the method's applicability in routine analysis within pharmaceutical manufacturing facilities [6]. 

Pandya RH et al. created a quick, reliable, accurate, and simple RP-HPLC procedure that can simultaneously quantitate the levels of Linagliptin and 
metformin in human plasma. The sample preparation involved protein precipitation. The separation of analytes (Linagliptin, metformin) was 
accomplished through use of a Grace Vydayec Genesis CN Column (150 × 4.6 mm, 4 μm) with an acetonitrile/0.01 M dipotassium hydrogen 
phosphate (buffered, pH 7) mobile phase under isocratic conditions at a flow rate of 1.0 ml/min using UV detection at 237 nm. With respect to 
retention times, Linagliptin had a retention time of 4.95 min; metformin 15.41 min; and, Phenformin (Internal Standard) 11.06 min. The study 
showed excellent correlation of the two drugs within the calibration curve ranging between 1 ng/ml-32 ng/ml; in addition, this validated method 
was performed in accordance with the guidelines set by the United States Food and Drug Administration (USFDA) with regard to specificity, 
sensitivity, precision, accuracy, recovery, and stability. This validated method for quantifying Linagliptin and metformin levels in human plasma 
makes it suitable for use in bioanalytical applications. The retention time of metformin (15.41 min) is comparatively long for RP-HPLC methods, 
which may impact analysis time and method efficiency [7]. 

Rana K. and Sharma developed a straightforward, accurate, precise and reproducible RP-HPLC process is provided for the simultaneous estimation 
of metformin hydrochloride (MET) and Alogliptin (ALO). Chromatographic separation was achieved using a C18 column (250 × 4.6 mm, 5 μm) with 
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a mobile phase of acetonitrile and OPA water (80:20 v/v, pH 2.5) with a flow rate of 0.9 ml/min and detection at 283 nm. Retention times were 
found to be 6.366 min and 8.616 min for MET and ALO, respectively. The method was validated following the ICH guidelines and was found to have 
excellent linearity, precision, robustness, and reproducibility, making it ideal for use in routine quality control analyses of indicated combined 
dosage forms [8]. 

Reddy NP and Chevala developed a method that provides very quick, accurate, and precise results when measuring both metformin and 
Canagliflozin at the same time in tablet formulation. The separation of metformin and Canagliflozin (using this RP-HPLC method) was carried out 
with an ODS column (250 mm x 4.6 mm, with 5 µm particles) using a buffer-acetonitrile-methanol isocratic mobile phase at a flow rate of 1 ml/min 
and a 30 °C column temperature, and a PDA detector was used to detect the two compounds at 212 nm. The retention time of metformin is 2.783 
min and 3.781 min for Canagliflozin. The method has been validated according to the ICH guidelines and shows good linearity, precision, accuracy, 
specificity, LOD, LOQ, and robustness. Metformin’s percentage recovery = 100.1% and Canagliflozin’s percentage recovery = 100.2%. Thus, the RP-
HPLC method developed by Reddy and Chevala is suitable for routine quality control in pharmaceutical analysis [9]. 

The RP-HPLC method developed by Edla and Sundhar is simple, rapid, accurate, and precise. A wide range of both metformin and glibenclamide can 
be estimated with this method simultaneously. In this study sample were separated on an oyster BDS RP-C18 (5 µm,150x4.6 mm) column using an 
isocratic mobile phase made up of methanol, acetonitrile and water at a flow rate 1.0 ml/min (30:60:10, v/v) and UV detection at 228 nm. 
metformin had a retention time of 3.17 min, whereas glibenclamide had a retention time of 8.10 min. The RP-HPLC method developed for 
glibenclamide showed linearity ranging from 2 to 4.5 µg/ml and the method developed for metformin had linearity ranging from 200 to 450 µg/ml; 
both correlation coefficients were high. The RP-HPLC methods were validated according to ICH (International Conference on Harmonization) 
guidelines showing precision and accuracy allowing their use in routine estimation of metformin and glibenclamide as fixed-dose combination 
tablets [10]. 

Chaturvedi and Sharma developed a rapid, precise, and accurate RP-HPLC (Reversed Phase High Performance Liquid Chromatography) procedure 
that can simultaneously estimate three drugs—metformin hydrochloride (MET), Pioglitazone Hydrochloride (PIO) and Glibenclamide. The drugs 
are contained in one lot of tablets. The data obtained were then analysed by their derived method. Their separation on to C18 column (25×4.6 mm, 
5 μm), with a mobile phase of Acetonitrile; Potassium Dihydrogen Phosphate Buffer (55:45, = 3.0). The flow rate for the mobile phase was 1.5 
ml/min. Detection of the three drugs was through the use of a UV detector at 230 nm. Retention times were 1.362 min for MET, 3.418 min for PIO 
and 7.395 for GLC. The method was validated with the ICH guidelines for 260.0000, with an acceptable level of performance in the following areas; 
accuracy, precision, linearity, specificity and sensitivity. For MET and PICO, the calibration range was 200 to 1000 mcg/ml, while for GLC, the range 
was 50 to 300 mcg/ml. The limit of detection (LOD) for MET, PICO and GLC were 6.3, 15.4 and 8.2 ng/ml, respectively and the limit of quantitation 
(LOQ) was 19.09, 46.66 and 24.84 ng/ml, respectively. Therefore, the method can be used routinely to quantitatively analyse the three drugs in 
tablets. The reported LOD values (6.3, 15.4, and 8.2 ng/ml) are consistent with the original study and demonstrate high sensitivity of the method, 
which may be attributed to optimized chromatographic conditions and detector response [11]. 

Tripathi and Nirupa created a straightforward, quick, accurate, and dependable RP-HPLC technique for the simultaneous measurement of 
Glimepiride, Pioglitazone, and metformin in bulk chemical mixtures and pharmacy dose forms. The test was performed on an Inertsil ODS-3V 
column (250 × 4.6 mm, 5 μm) with a mobile phase containing acetonitrile, tetrahydrofuran, and buffer (pH 5) at a flow rate of 1.7 ml/min and UV 
detection at 228 nm. The retaining times for Glimepiride, Pioglitazone, and metformin were 5.0 min, 3.9 min, and 1.3 min respectively. The method 
has been validated with respect to its Precision, Linearity, Accuracy, Ruggedness, and Robustness and used successfully on commercially available 
tablets providing good separation, matrix effect and reproducibility. It also proved to be suitable for routine quality control analysis [12]. 

High performance thin-layer chromatography 

An HPTLC method developed by Srivani et al. for the stability testing of Linagliptin and metformin simultaneously was validated via estimation via 
bulk and fixed dose forms. The method was validated using acetone/methanol/chloroform/formic acid (3:1:5:1) on silica gel 60F254 plates and 
detected at 230 nm. Linearity was observed with R² values of 0.999 for linagliptin and 0.990 for metformin. The results of validation recorded 
uncompromising accuracy, precision, specificity, and robustness for the method; assessment of degradation by an analysis revealed that there are 
no interferences from any products produced during stability assays, and therefore the HPTLC method is compatible for use in the routine 
evaluation of metformin-containing combination medications [13]. 

Sakhare RS et al. developed and validated a simple and stability-indicating HPTLC method for the simultaneous determination of metformin 
hydrochloride and Benfotiamine in bulk and combined dosage forms. The analytical method is based on HPTLC on silica gel 60 F254 plates using 
benzene/methanol/triethylamine (8.5:1:0.5 v/v/v) mobile phase with densitometric detection at 249 nm. The HPTLC analysis of metformin and 
benfotiamine provides a well-defined separation with respect to retention factor (Rf) values of 0.26 and 0.72, respectively. A linear calibration curve 
was generated by plotting peak area versus concentration for both metformin and benfotiamine, with R^2 values>0.99 across concentrations of 
500-3000 ng/sm and 75-450 ng/sm, respectively. Analysis for the stability of both drugs was determined through forced degradation using acid, 
base, oxidation, light, and heat. The method has been validated in accordance with ICH guidelines. Furthermore, the method has been successfully 
applied in the analysis of metformin and benfotiamine in tablet formulations [14]. 

Bhole RP et al. has successfully developed a stability-indicating HPTLC method for the simultaneous determination of both drugs (metformin 
hydrochloride and Canagliflozin) to be quantified simultaneously in bulk material and in finished dosage forms (tablets). The chromatographic 
separation was performed using silica gel (60 F254) plates and the following composition of the mobile phase: methanol: toluene: ethyl acetate: 
ammonia in the ratio of 2:4:4:0.1 (v/v/v/v). Using densitometric detection at 254 nm, both drugs were successfully resolved with Rf values of 0.15 
(metformin) and 0.50 (Canagliflozin). Linearity was established for metformin in the range of 0.5-3.0 µg/band and for Canagliflozin in the range of 
50-300 ng/band. The method was validated according to ICH Guidelines regarding accuracy, precision, and robustness. Forced degradation studies 
indicate that both metformin and Canagliflozin are susceptible to degradation in acidic and basic environments; and that the method effectively 
isolates the degradation products of these drugs as evidence of its stability-indicating ability in the analysis Mof tablets containing both products. 
However, the very low proportion of ammonia in the mobile phase may affect reproducibility and robustness of the method [15]. 

Rank M et al. developed and validated an HPTLC stability-indicating method for the simultaneous determination of Pioglitazone Hydrochloride and 
metformin hydrochloride in bulk and tablet dosage form. The separation was accomplished on silica gel 60 F254 plates with a mobile phase of 
butanol: 1,4-dioxane: glacial acetic acid (5:3:2 v/v/v) and was detected at 226 nm. The Rf values for metformin and pioglitazone were 0.17±0.02 
and 0.72±0.01 respectively, indicating excellent resolution. The linearity for metformin was determined to be 2000-18000 ng/band, while 
pioglitazone demonstrated a linear response between 60-540 ng/band. The method demonstrated satisfactory recovery for accuracy, precision, 
robustness, LOD, and LOQ (98.62-100.62%). Forced degradation studies conducted under acidic, photolytic and thermal conditions verified the 
stability-indicating ability of the method, ultimately confirming the use of this method for routine analysis of combined formulations containing 
both drugs [16]. 
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Malgundkar SS and Mulla devise and validate a high-performance thin-layer chromatography (HPTLC) determination and analysis technique 
capable of simultaneously determining the concentration of metformin hydrochloride and Glibenclamide in bulk, as well as in dosage forms that 
combine both active ingredients. The drugs were separated on 60F254 Silica Gel aluminum plates utilizing a mobile phase of Methanol: Water: 
System-0.4% Sodium Sulfate-7:5:11 v/v/v, and were detected using a densitometer at 232 nm (metformin) and 238 nm (Glibenclamide). The 
relative migration distance measured (Rf) for metformin and Glibenclamide were found to be 0.27 and 0.80, respectively. Over the range of 250-
1750ng/spot for either drug, the method was shown to be linear, and upon performing a validation study, the following characteristics were 
reported: 95.79%-97.84% for metformin, 96%-97.03% for Glibenclamide (Tolerable Recovery),<2% for both day-to-day RSD (Precision) as well as 
specific for ICH guidelines. Therefore, the method is suitable for routine determinations of combination formulas containing these active ingredients 
per ICH guidelines [17]. 

Atul R. Bendale and co-authors have developed and validated a method using high-performance thin-layer chromatography (HPTLC) to 
simultaneously determine the concentrations of vildagliptin and metformin hydrochloride. The analysis comprised densitometric detection at 217 
nm and tested completely using a mixture of Hexane, Methanol, Acetonitrile, and Glacial Acetic Acid with a ratio of 2:3.5:2.5:0.2. This resulted in Rf 
values of 0.73±0.02 for vildagliptin and 0.22±0.01 for metformin. Both pharmaceutical products were subjected to a variety of stress conditions, 
including but not limited to, acid, alkali, neutral hydrolysis, oxidative stress, thermal (dry and wet) heat stability, and photodegradation, to support 
the claim of a stable method for the simultaneous determination of vildagliptin and metformin. Degradation peaks for all test drugs were found to 
be distinguishable in each method tested. The methods were validated according to their developed analytical parameters of linearity, precision, 
accuracy, specificity, robustness, limit of detection, limit of quantification, interday precision and intraday precision. The data obtained indicate a 
straightforward, precise, accurate and reliable method for the analysis of vildagliptin and metformin in both combinations in pharmaceutical dosage 
forms [18]. 

An HPTLC technique was developed by Raja and Lakshmana Rao for the simultaneous quantification of metformin hydrochloride and Sitagliptin 
phosphate in bulk powders as well as in tablet dosage forms using a validated analytical method. The separation was conducted on silica gel 60 
F254 plates by employing an acetone: methanol: toluene: formic acid (4:3:2:1, v/v/v/v) mobile phase, with detection at 220 nm wavelength. Results 
showed that both metformin and sitagliptin were linearly related to both concentration (ng/band) and r² (>0.99) over a concentration range of 
2000–5000 ng/band and 200–500 ng/band respectively with respect to each compound being determined; also noted were LODs of 45 ng/band for 
metformin, and 27 ng/band for sitagliptin; and LOQs of 150 ng/band for metformin, and 87 ng/band for sitagliptin. The results demonstrate that 
the developed method is accurate, precise and suitable for routine-use based upon meeting ICH guidelines for validation, and provide an excellent 
means by which to perform routine quantitative analyses on both metformin hydrochloride and sitagliptin phosphate [19]. 

Thomas AB et al. created and validated a stability-indicating high-performance thin-layer chromatography (HPTLC) approach for simultaneous 
determination of nateglinide and metformin hydrochloride in combination pharmaceutical dosage forms. A chromatographic separation was 
performed on pre-coated silica gel plates using a mobile phase of chloroform: ethylacetate: acetic acid (4:6:0.1 v/v/v) with densitometric detection 
at 216 nm. The method demonstrated good linearity within the 200 to 2400 ng/band range for nateglinide (r² = 0.996) and 500 to 3000 ng/band 
for metformin (r² = 0.995). The percentage of accuracy was 99.72% for nateglinide and 100.08% for metformin. Forced degradation studies under 
acidic, alkaline, oxidative, thermal, wet heat, and photolytic conditions produced well-defined degradation products with unique Rf values, further 
validating the method’s stability-indicating capability and its use in routine quality control analysis [20]. 

Dharmamoorthy G et al. developed and validated a simple, precise, and stability-indicating HPTLC method for the simultaneous estimation of 
metformin hydrochloride and Pioglitazone in pharmaceutical dosage forms. The HPTLC method employs a mobile phase comprised of toluene: 
methanol: triethylamine (6:4:0.1 v/v/v) on HPTLC plates with a densitometric detector at 230 nm to achieve separation. The value of the Rf for 
metformin hydrochloride was 0.25±0.03 and for pioglitazone, was 0.47±0.04. The method was validated in accordance with ICH guidelines and was 
found to have good accuracy since the recovery values were greater than 96 %. Interference from tablet excipients did not occur. The reported 
method was rapid, simple, and suitable for routine quality control analysis of the combined dosage form [21]. 

Desai SA et al. created a reliable and stable High-Performance Thin Layer Chromatography (HPTLC), for simultaneously determine metformin, 
dapagliflozin, and Saxagliptin in bulk and pharmaceutical formulations, by using Box-Behnken design based on AQBD principles. The stationary 
phase consist of 60 F254 silica gel plates, while the mobile phase consists of methanol and 0.5% aqueous ammonium sulfate in the ratio 8:2 (w/v) at 
pH 5.5; the analytes were detected at 222 nm. Excellent linearity of coefficients above 0.990 were obtained, with relative standard deviation 
between 0.5-2.0% and recovery between 96.7-99.54%. This method has been validated by following the International Conference on Harmonisation 
Guidelines for Good Manufacturing Practice pharmaceutical products, and successfully tested on forced degradation studies with acid, base, 
oxidizing agent and UV radiation [22]. 

UV spectroscopic method 

Sen AK et al. developed and validated three UV spectrophotometric methods, namely simultaneous equation, absorbance ratio, and first derivative 
methods, for the simultaneous estimation of teneligliptin and metformin in tablet dosage form. The method showed excellent linearity, high 
sensitivity, and was validated for precision, accuracy, and robustness, making it suitable for routine pharmaceutical analysis [23]. 

Ahmed MK et al. developed a specific, precise, and accurate UPLC method for the simultaneous estimation of glimepiride, metformin, and voglibose 
in bulk and marketed oral dosage forms. The method used a Hypersil C18 column Derivative method). The methods demonstrated linearity for both 
drugs over the range of 1-20 μg/ml. The validation was conducted according to ICH guidelines; the methods were demonstrated to be accurate, 
precise, and sensitive. Statistical analysis revealed that no significant difference existed between any of the three methods, indicating they can be 
used for the routine quality control of these drugs in pharmaceutical formulations [24]. 

Four basic and economical UV-spectrophotometric methods, validated by Sen et al., are able to determine Remogliflozin, Vildagliptin, and 
metformin by tablet dosage forms. Each one employs a different technique: a simultaneous equation, a ratio difference in spectroscopy, the method 
through derivative ratio spectrum zero-crossing, and the technique of double divisor ratio spectrum derivative. Each of the drugs was linear from 
2.5-15 µg/ml, and each of the methods was validated for precision, accuracy, and sensitivity based on the International Conference on 
Harmonization of Technical Requirements for Pharmaceuticals for Human Use [25]. Sen et al. conclude that their methods are simple, Rapid, and 
inexpensive, making them suitable for routine use in drug analysis and marketed formulations published [25]. 

K Bhavyasri et al. developed A new simple UV-visible spectrophotometric technique for simultaneous determination of dapagliflozin and metformin 
hydrochloride has been generated and validated by two or more equations through combined methods based on the simultaneous equations 
method of calculating concentrations using absorbance values obtained at two different wavelengths with established linearity for both compounds 
in their established concentration ranges (2µg/ml to 32µg/ml and 1µg/ml to 20µg/ml with R2 = 0.999) As well both of the compounds exhibit high 
levels of accuracy (% recovery 96.82% to 99.80% dapagliflozin; 98.15% to 99.35% metformin hydrochloride) and precision (%RSD<1% 
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dapagliflozin; %RSD<1% metformin hydrochloride). Additionally, both compounds undergo degradation via four different methods of degradation 
(acidic, base, oxidative, thermal and light), as well it confirms that this method is appropriate for use as a routine method of quality control [26]. 

Mahesh Attimarad et al. developed a simple method for simultaneous determination of metformin hydrochloride and remogliflozin etabonate in 
pharmaceutical formulations by UV derivative spectroscopy and RP-HPLC. The chromatographic separation was achieved using a C18 monolithic 
column and the methods were optimized using a Box – Behnken design model. UV and HPLC methods exhibited linear relationships for metformin 
in the regions of 2 – 30 μg/ml and 5 – 200 μg/ml, respectively, and remogliflozin in the regions of 1 – 24 μg/ml and 2 – 150 μg/ml, respectively. 
Average assay values were about 99 – 100% and thus demonstrate that both methods are accurate, precise, and appropriate for routine quality 
control of combined drug product formulations [27]. 

Manojkumar K Munde and others the four effective spectrometric techniques, namely simultaneous equation, absorbance ratio, area under the 
curve and first derivative spectroscopy were investigated with regard to their validity in estimating the concentration of Empagliflozin and 
metformin hydrochloride in both bulk and tablet. Both Empagliflozin and metformin hydrochloride were analysed using UV light at 224 nm for 
Empagliflozin and 232 nm for metformin hydrochloride, respectively and all four methods produced reputable, rapid, reliable and low-cost results, 
thereby giving them potential as suitable options for routine quality control analyses of combined pharmaceutical products [28]. 

Jayasundara U. K. et al. created a lightweight UV/Vis spectrophotometric approach to quantify metformin hydrochloride and Atorvastatin Calcium in 
tablets under Good Laboratory Practice (ICH) guidelines. Linearity was demonstrated in the ranges of 2–10 mg/l for metformin (R-squared = 0.999) 
and 5–15 mg/l for atorvastatin (R-squared = 0.998). In terms of accuracy, recoveries ranged from 92.14% to 95.04% for metformin and from 
90.10% to 102.90% for atorvastatin. Therefore, the methodology developed by these authors is technically and functionally adequate for routine 
quantitative analysis of both drug compounds contained in their dosage forms. The lower recovery value (~90%) for atorvastatin may be 
considered marginal and should be further optimized for analytical accuracy [29]. 

Cholke P et al. have created an easy and fast UV-Visible spectroscopy technique for measuring both Saxagliptin Hydrochloride (Sax) and metformin 
hydrochloride (Met) at the same time, in a tablet form. The maximum absorbance wavelengths (λmax) were determined as being 274 nm for 
saxagliptin and 231 nm for metformin. Both drugs followed Beer’s law in terms of concentration at 50-90 μg/ml for saxagliptin and 2-10 μg/ml for 
metformin. Accuracy results (i. e., Recovery %) were cost-effective at 100.10% for saxagliptin and 99.98% for metformin. Validation studies of the 
method were performed in accordance with the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human 
Use (ICH) guidelines, and the results demonstrated that the method is accurate, precise, and appropriate for the determination of both saxagliptin 
and metformin in tablets [30]. 

Majithia RH et al. A Q-absorption ratio UV spectrophotometric technique was created and validated to simultaneously assess Anagliptin and 
metformin hydrochloride in a synthetic combination. An iso-absorptive point (238 nm) was found for both compounds, with 233 nm representing 
the λmax of metformin. The linear response was assessed from 2 to 12 µg/ml for anagliptin and 5 to 30 µg/ml for metformin (r>0.999). Recovery 
experiments displayed excellent accuracy with 100.42-101.83% for anagliptin and 99.94-101.63% for metformin. Both drugs were promptly and 
precisely identified (%RSD<2), indicating that the technique may be utilized for simultaneous analysis of both substances quantitatively [31]. 

Prasanth VG et al. created Two UV spectrophotometric techniques to measure Repaglinide and Metformin hydrochloride simultaneously in a synthetic 
combination. The 1st technique was identified as the Simultaneous Equation Method; wavelengths 284 nm and 237 nm were used. The 2nd technique 
was identified as the Q-Absorbance Ratio Method, which involved measuring at 237 nm, and 254 nm, respectively. The two techniques showed linearity 
in the ranges of 10-50 μg/ml for Repaglinide and 1.5-7.5 μg/ml for metformin. Each method was validated in accordance with the ICH standards for 
pharmaceuticals for humans and were concluded to be accurate, precise, rapid, and appropriate for routine analysis of those substances [32]. 

Sen AK et al. created and validated four distinct UV spectrophotometric techniques to analyze Empagliflozin, Linagliptin, and metformin 
hydrochloride simultaneously when used together in a ternary formulation. The four methods used were the simultaneous equation method, ratio 
difference spectrophotometry, derivative ratio zero crossing, and the double divisor ratio derivative. For each of the three compounds, wavelengths 
of 224.6 nm, 226 nm, and 237.2 nm were chosen. The simultaneous equation method produced linear responses between 2-10 µg/ml; while the 
other three methods yielded linear responses of 0.5-10 µg/ml. Validation per ICH guidelines produced satisfactory results regarding accuracy, 
precision, and sensitivity for all four methods. Thus, all four methods developed by Sen et al., when used as directed, will provide an economical, 
rapid means to routinely obtain the simultaneous measurement of these three compounds contained in pharmacy products [33]. 

Ultra-performance liquid chromatography 

Narikimalli A et al. developed an ultra-performance liquid chromatography (UPLC) method that is Rapid and capable of simultaneously determining 
both nateglinide and metformin hydrochloride quickly and at the same time using a C18 column with an ammonium formate buffer and acetonitrile 
(75:25 v/v) as the mobile phase. The analysis utilizes the following parameters: 0.2 ml/min flow rate; UV detection at 260 nm; retention times for 
nateglinide = 1.014 min and metformin = 1.435 min; total run time = 3 min. The results of the method show that it has high linearity, 
precision/%RSD<1%, and accuracy (approximately 99% recovery). It also provides evidence to support the robustness of this analytical technique 
and its use in routine quality control testing of pharmaceutical products. Due to the close retention times, adequate resolution (Rs>2.0) must be 
ensured to avoid peak overlap [34]. 

Fouad MM et al. developed a fast, sensitive method using the RP-UPLC to simultaneously determine the amount of vildagliptin in relation to 
metformin hydrochloride and ciprofloxacin hydrochloride in relation to dexamethasone sodium phosphate. To achieve this, they employed a 
Phenomenex C18 column (100 × 2.1 mm, 1.8 µm) and used potassium dihydrogen phosphate buffer and acetone in a variety of ratios as the mobile 
phase at a flow rate of 1 ml/min. The detection was done at 220 and 254 nm. The study demonstrated that this method had good linearity across the 
concentration ranges of Vildagliptin (0.5 to 5 µg/ml), metformin (5 to 50 µg/ml), Ciprofloxacin (2 to 20 µg/ml), and Dexamethasone (2 to 20 µg/ml). 
This RP-UPLC method is also reproducible, accurate, robust, and well-suited for routine pharmaceutical testing due to its short retention time [35]. 

Ahmed O et al. produced a method with great specificity and accuracy, an ultra-performance liquid chromatography method for measuring the 
amount of sitagliptin and metformin found in both bulk dosage form (tablets) and tablet dose. This method utilizes a Hypersil C18 column (100 × 
2.1 mm, 1.7 μm) with a mobile phase of octanesulfonic acid and acetonitrile (35:65 v/v). The gradient flow is set at 1.0 ml/min and operates under 
260 nm. The method has demonstrated excellent linearity from 20-100 mcg/ml and validation of the method meets ICH guidelines. Precision and 
accuracy have been established, and the interference of ingredients has not been detected, therefore, this method has been recommended for 
ordinary use in the pharmaceutical industry [36]. 

Suryanarayana MV et al. developed a method with The RP-UPLC is a fast, specific, precise way to simultaneously analyze sitagliptin phosphate 
monohydrate and metformin hydrochloride in their respective formulations. This method utilized an Acquity UPLC BEH C8 column (100 mm x 2.1 
mm, 1.7 micron), a mobile phase composed of potassium dihydrogen phosphate and hexanesulfonic acid in combination with acetonitrile, with a 
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gradient run at flow rates of 0.2 ml/min, and detection at 210 nm. The method has demonstrated sensitivity with low LOD and LOQ values; it was 
demonstrated to be linear, accurate, precise, specific, and robust in validation. In addition, it has been shown to be a stability-indicator and 
appropriate for use in routine analysis [37]. 

Tammi Setty MR et al. developed a rapid and selective UPLC-PDA method for the simultaneous estimation of remogliflozin and metformin 
hydrochloride in bulk, formulation, and trace-level cleaning samples. The method u (100 × 2.1 mm, 1.7 μm) with acetonitrile and methanol (68:32 
v/v) as the mobile phase in gradient mode at a flow rate of 1.0 ml/min and detection at 260 nm. The method showed good linearity (20–100 μg/ml), 
low LOD (0.2099 μg/ml) and LOQ (0.6362 μg/ml), and no interference from excipients. It was validated as per ICH guidelines and successfully 
applied to routine analysis of the combined drugs [38]. 

Alshora D et al. developed a new UPLC method to quickly quantify sitagliptin and metformin in quality control samples and generic tablet forms 
using a Box-Behnken design. The QBD development process included optimization of the mobile phase composition, flow rate, and buffer strength. 
Separation occurred in only two minutes; sitagliptin had a retention time of 0.73 min, while metformin's was 1.36 min. The UPLC method was 
validated according to ICH guidelines making it appropriate for the everyday analysis of combination tablets such as Janumet 50/850 [39]. 

Tadesse Unade and pawar produced a new UPLC analysis for metformin and gliclazide in bulk and pharmaceutical products, who created a quick, 
sensitive, and stability-indicating method. The Lunna C18 column (100 × 2.6 mm, 1.6 μm) was utilized in conjunction with trifluoroacetic acid 
(70:30 v/v) as the mobile phase at a flow rate of 1 ml/min which was detected at 227 nm. Metformin and gliclazide retention times were found to 
be 1.719 min and 2.845 min, respectively. In addition, the new method was found to have excellent linearity, an average recovery in the range of 
99.63–101.23%, low limits of detection and both accuracy (%RSD<1.11%). Furthermore, the forced degradation studies demonstrated the required 
stability-indicating characteristics necessary to facilitate routine quality control [40]. 

Dinh C. D. et al. created a quick, specific, and eco-friendly UPLC-MS/MS technique to simultaneously quantify metformin and glimepiride levels in 
human plasma. The analytical agents were extracted from the plasma by precipitating the protein with acetonitrile containing 0.1% formic acid, 
using glipizide as the internal standard. The separation of the analytes was accomplished on a BEH C18 column (50 mm × 2.1 mm and 1.7 μm) with 
a water-acetonitrile (both with 0.1% formic acid) gradual elution. Analytes were determined by tandem mass spectrometry with a positive 
ionization. The method demonstrated good linearity (metformin: 1 to 100 ng/ml; glimepiride: 0.25 to 25 ng/ml), high recovery (>85%), and less 
than 15% CV, making it a sensitive, rapid, and eco-friendly method for monitoring drugs in the plasma [41]. 

The method of Gopal N. M. and Sridhar for determining both metformin hydrochloride and empagliflozin in bulk and tablet dosage forms is a 
straightforward, accurate, and precise UPLC method that has been validated. The mobile phase was composed of a phosphate buffer (pH 3) and 
methanol (30:70, v/v) at a flow rate of 1.0 ml/min using a Dikma C18 column (50 × 2.1 mm, 1.8 μm) for detection at 240 nm. Metformin and 
empagliflozin retention times were 1.189 and 1.712 min, respectively. The method was linear, showed excellent recovery (≈100%), and 
demonstrated specificity when subjected to stress testing, making it stability-indicating and appropriate for routine quality control purposes [42]. 

LC-MS/MS (Liquid chromatography – mass spectroscopy) 

Wang L et al. created a sensitive and validated LC-MS/MS technique to allow for the simultaneous quantification of apixaban (APB) and metformin 
(MET) from rat plasma. Rivaroxaban was used as the internal standard. The separation was performed on an Inertsil ODS3 C18 column (150 × 4.6 
mm, 5 μm) using isocratic elution, and detection was carried out by multiple reaction monitoring (MRM) in positive electrospray ionization (ESI) 
mode. The method’s linear range for both drugs was as follows: for APB 0.5 to 250 ng/ml and for MET 8 to 8000 ng/ml. There was a %RSD of less 
than 12.5%, and the accuracy was within-8.6% to 12.4%. The method was utilized to conduct a pharmacokinetic drug-drug interaction study, 
demonstrating an altered plasma exposure of APB and MET when both drugs are co-administered, likely due to a drug-drug interaction involving 
alterations in the organic cation transporter (OCT). The reported analytical parameters are presented as described in the original publication [43]. 

Kim NS et al. [44] developed and validated an LC–MS/MS method for the simultaneous detection of 26 antidiabetic drugs in adulterated dietary 
supplements, demonstrating good linearity (R²>0.99), LOD of 0.16–20 ng/ml, and LOQ of 0.5–60 ng/ml [44]. 

Gumieniczek A et al. assessed the stability of metformin and repaglinide in their solid states as well as in solution with LC-UV analysis, LC-MS, and 
FT-IR spectroscopy under different stressful conditions (high temperature/humidity, ultraviolet/visible light sources, various pH values, and 
oxidative media). Metformin showed significant degradation under alkaline conditions, whereas repaglinide exhibited the most rapid degradation 
under acidic and oxidative conditions. Two new degradation products were identified for dapa, and nine were identified for repaglinide using LC-
MS. FT-IR analysis demonstrated that the stability of metformin and repaglinide was influenced by excipients such as povidone (PVP), mannitol, and 
magnesium stearate. LC-UV analysis was validated to assess degradation rate kinetics of both drugs, and both LC-MS and FT-IR analyses were 
authorized for identification of stress-induced degradation products [45]. 

Polagani SR et al. developed a sensitive LC-MS/MS method for the simultaneous quantification of atorvastatin, metformin, and glimepiride in human 
plasma. Carbamazepine was the internal standard, and the plasma samples were prepared by protein precipitation using acetonitrile. The 
separation of the analytes was performed on an Alltima HP C18 column using a mobile phase of 60% acetonitrile and 10 mmol ammonium acetate, 
pH 3.0, at a flow rate of 1.1 ml/min. The method demonstrated linearity with r2 values ≥ 0.99 within each analyte’s corresponding concentration 
range. The intra-and inter-day precision and accuracy of each analyte were below acceptable limits; all analytes showed stability when tested. The 
total analytical time (2.5 min) provided sufficient throughput for high-volume analysis. This rapid analytical method has been successfully 
employed in a human pharmacokinetic study [46]. 

Ramisetti M et al. A fast and accurate LC–MS/MS method was established to simultaneously quantify Canagliflozin and Metformin in human plasma 
samples. Plasma samples were processed using protein precipitation with deuterated internal standards. The chromatographic separation was 
performed on a C18 column using an isocratic mobile phase consisting of ammonium acetate (5 mmol) containing 0.01% formic acid and methanol. 
The validated method was shown to provide linearity for Canagliflozin (10-6028 ng/ml) and Metformin (10-3027 ng/ml), with precision, accuracy 
and stability testing in compliance with FDA requirements. The method has been successfully utilized in a human pharmacokinetic study [47]. 

A sensitive and precise LC-MS/MS method was developed for the simultaneous estimation of dapagliflozin and Metformin in tablets. Separation was 
performed on a C18 column using an isocratic mobile phase of ammonium acetate and acetonitrile, with detection by MRM in positive electrospray 
mode. The method showed good linearity, low detection limits, and was validated according to ICH guidelines, making it suitable for routine 
analysis of these drugs in pharmaceutical dosage forms [48]. 

An efficient, straightforward and accurate LC-MS/MS assay was created to measure both rosuvastatin (ROS) and metformin (MET) at the same time 
in individuals’ plasma. The sample prep was performed using protein precipitation by adding acetonitrile; followed by drying down to leave residue 
before reconstituting to prepare for analysis. The column used for chromatography was a ThermoHypurity C18; mobile phase 0.1% formic acid in 
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water and acetonitrile (30:70 v/v); 0.4 ml/min. The results of the method produced great linearity; ROS was 0.5-200 ng/ml and MET was 2-2000 
ng/ml, both with r>0.9994, and showed high precision and robust performance during stability testing. The developed assay has been validated and 
will be used in the conduct of a human pharmacokinetic study [49]. 

Prasad PB. et al. developed a novel LC-MS method for the simultaneous determination of metformin, linagliptin, and saxagliptin in pharmaceutical 
formulations. The LC‑MS method makes use of a Hypurity Advance C‑18 column as the stationary phase and methanol: ammonium acetate buffer 
(pH 4.5) in a volume ratio (v/v) of 85:15 and a flow rate of 0.5 ml/min. In the positive ion mode using mass spectrometry (MS), individual mass 
transitions of m/z 130.10/70.10, m/z 473.10/420.40, and m/z 316.30/180.20 were identified as suitable analytes for metformin, linagliptin, and 
saxagliptin, respectively. Validation of the LC‑MS method adhered to ICH guidelines demonstrated a proven linearity (50–5000 ng/ml); accuracy 
(94–102%); precision (≤4.67% relative standard deviation [RSD]). Assays of the three drug formulations have been conducted under the influences 
of degradation products and were concluded to be highly accurate and precisely determined within expected levels [50]. 

In 2019, Mohamed D. and et al. developed an extremely sensitive and specifically selective LC–MS/MS technique for simultaneous quantification of 
metformin and canagliflozin in human plasma. They used a two-step passive extraction (first precipitating proteins, followed by extracting with 
ethyl acetate). They separated metformin and canagliflozin chromatographically on a C18 50 × 4.6 mm, 5 μm column with an isocratic mobile phase 
of 0.1% formic acid/acetonitrile (60:40, v/v) and detected using a triple quadrupole mass spectrometer in multiple reaction monitoring (MRM) 
mode. Linearity was found: metformin (50–5000 ng/ml) and canagliflozin (10–1000 ng/ml); recovery was>90%; and accuracy was within 88.14–
113.05% (RSDs,<10%). The method was successfully used to evaluate pharmacokinetics in healthy subjects [51]. 

Method benefits and limitations 

HPLC (High-Performance Liquid Chromatography) is one of the most widely used analytical techniques for pharmaceutical analysis because of its 
high accuracy, precision, reproducibility, and versatility. However, HPLC methods often require extensive sample preparation, large solvent 
consumption, longer analysis times, and regular maintenance of chromatographic systems. Improper mobile phase selection or prolonged column 
use may also reduce column efficiency and method robustness [3-6, 11, 12]. 

It was not an accident that HPLC has gained its position as the leading analytical technique. The major advantage is that it applies to many types of 
analytes, from small organic molecules and ions to very large molecules, including biopolymers. In particular, the ability of HPLC to be coupled with 
MS has made HPLC an "ideal analytical tool" by combining superior separation performance with unparalleled sensitivity and specificity of MS. As a 
result, HPLC-MS will be a primary technology for bioanalytical testing (drugs in biological fluids), residual trace analysis of food, forensic and 
environmental testing samples, and life sciences research [43–46]. HPLC with UV detection is having an increasingly important role in QC due to its 
unmatched reproducibility and reliability [7, 8, 23]. An example of this is provided in a case study about the stability of a pharmaceutical product. 

Using traditional HPLC, a peak capacity of approximately 200 for a gradient run with 20,000 theoretical plates. However, with UPLC you can 
increase peak capacity (peak capacity=how many peaks can you get in a single run) to a peak capacity of 400-1000 with a response time of 
approximately 60 min (9-12-16). Additionally, 2D-LC can further increase peak capacity for the complete analysis of highly complex samples in the 
areas of proteomics and metabonomics [9, 12, 16, 33–40]. 

 

Table 1: Comparative summary of analytical methods for metformin and its combinations. 

Method Drugs analyzed Column/instr
ument 

Mobile phase Linearity 
range 

Retention 
time (min) 

LOD/lOQ Key validation 
results 

Ref. 

RP-HPLC Metformin+Miglitol C18 column Phosphate buffer (pH 
5.3): Methanol (60:40) 

MET: 200–500 
µg/ml 

3.86, 7.56 NR Accurate and 
validated method 

[3] 

RP-HPLC Metformin+Dapagliflozin Phenomenex 
C18 (250 × 4.6 
mm) 

Water: Methanol 
(50:50) 

MFH: 2–7 
µg/ml; DGL: 
60–210 µg/ml 

NR NR %Assay ~99%, 
precision<1% 

[4] 

RP-HPLC Metformin+Rosiglitazone C18 column Buffer (pH 3.5): ACN 
(60:40) 

0.031–0.50 
µg/ml 

3.35, 11.95 NR Validated as per 
ICH 

[5] 

RP-HPLC Remogliflozin+Metformin C18 column ACN: Ammonium 
formate buffer 

MET: 12.5–125 
µg/ml 

NR NR Good linearity 
and precision 

[6] 

RP-HPLC Linagliptin+Metformin CN column ACN: phosphate 
buffer 

1–32 ng/ml 1.189, 1.712 NR Suitable for 
bioanalysis 

[7] 

RP-HPLC Metformin+Alogliptin C18 column ACN: OPA water 
(80:20) 

NR 6.36, 8.61 NR Accurate and 
reproducible 

[8] 

RP-HPLC Metformin+Canagliflozin ODS column Buffer: ACN: Methanol NR 2.78, 3.78 NR Validated 
method 

[9] 

RP-HPLC Metformin+Glibenclamide C18 column Methanol: ACN: Water MET: 200–450 
µg/ml 

3.17, 8.10 NR Good precision [10] 

RP-HPLC Metformin+Pioglitazone+G
libenclamide 

C18 column ACN: Buffer (55:45) 200–1000 
µg/ml 

~15.41 
(long RT) 

ng/ml 
level 

Extended run 
time 

[11] 

HPTLC Metformin combinations Silica gel plate Methanol-based 
systems 

µg range Not 
applicable 

ng/band Stability-indicating 
methods 

[13–18] 

UV 
Spectrosc
opy 

Metformin combinations UV-Vis 
spectrophotom
eter 

Solvent-based 1–20 µg/ml Not 
applicable 

ng/ml 
range 

Simple and 
economical 

[23–30] 

UPLC Nateglinide+Metformin UPLC system Gradient system NR 1.014, 1.435 NR High resolution [33] 

UPLC Sitagliptin+Metformin UPLC system Octanesulfonic acid: 
ACN 

20–100 µg/ml ~1–2 min NR Fast analysis [39] 

LC-
MS/MS 

Apixaban+Metformin C18 column Formic 
acid+methanol 

APB: 0.5–250 
ng/ml; MET: 
8–8000 µg/ml 

NR High 
sensitivity 

Pharmacokinetic 
study 

[43] 

LC-
MS/MS 

Multiple antidiabetic drugs C18 column Gradient (formic 
acid+methanol) 

Wide range NR LOD: 0.16–
20 ng/ml 

Highly sensitive 
and selective 

[44] 

LC-
MS/MS 

Metformin+others LC-MS/MS 
system 

Various NR NR NR Used in plasma 
studies 

[46–51] 

LOD: limit of detection; LOQ: limit of quantification; RT: retention time; MFH: metformin hydrochloride; NR = Not Reported in the original 
publication; APB = Apixaban; DGL = Dapagliflozin. All methods were validated as per ICH guidelines unless otherwise specified. 
Data compiled from references [3–51]. 
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HPLC (High-Performance Liquid Chromatography) is a widely used analytical technique for the separation, identification, and quantification of 
chemical compounds. However, it can be a long and tedious process when done as a part of a regulated analysis, such as under good manufacturing 
practices (GMP). A typical HPLC process involves the steps of weighing reference standards, preparing samples and mobile phases, setting up the 
column along with all the other required modules, performing system suitability tests, injecting reference standards to calibrate the system then 
analyzing the samples, performing peak integrations, reporting results, reviewing results and signing off. Fortunately, most of these steps are now 
automated via precision instruments for routine analyses and thus obtain highly reproducible results when compared to other measurement 
techniques used to identify and quantify raw materials (such as using a hand-held Raman spectrometer-which merely involves pointing the laser at 
the sample, pressing a button and receiving a pass/fail result that is documented in accordance with GMP within seconds) [23, 53]. Despite its 
advantages in accuracy and reproducibility, HPLC may be less efficient than advanced techniques such as UPLC and LC–MS/MS in terms of analysis 
time and throughput. 

Critical comparison of analytical methods 

The reviewed analytical methods demonstrate significant advancements in the determination of metformin and its combinations in pharmaceutical 
formulations and biological matrices. RP-HPLC was the most frequently employed analytical technique because of its simplicity, reliability, 
widespread availability, and cost-effectiveness. Most RP-HPLC methods showed satisfactory accuracy, precision, robustness, and linearity, making 
them suitable for routine quality control analysis. 

LC-MS/MS methods exhibited superior sensitivity and selectivity compared with conventional chromatographic techniques, particularly for 
pharmacokinetic and bioanalytical studies. However, these methods require sophisticated instrumentation, skilled operators, and higher 
operational costs. UPLC methods offered shorter analysis times, improved resolution, and reduced solvent consumption, making them 
advantageous for high-throughput laboratories. 

Although UV spectrophotometric methods were simple and economical, they generally demonstrated lower selectivity and sensitivity than 
chromatographic techniques, especially for complex mixtures. HPTLC methods provided cost-effective analysis and the ability to process multiple 
samples simultaneously but showed comparatively lower sensitivity than HPLC-and LC-MS/MS-based methods. 

A comparison of the reviewed studies indicates that no single analytical method is universally superior for all applications. The selection of an 
appropriate method depends on the analytical objective, required sensitivity, available instrumentation, sample matrix, and regulatory 
requirements. Future research should focus on developing environmentally friendly, rapid, highly sensitive, and cost-effective analytical methods 
while incorporating automation and advanced detection technologies. 

Conclusion 

This review summarizes the various analytical methods reported for the determination of metformin and its combinations in pharmaceutical 
formulations and biological matrices. Among the reviewed techniques, RP-HPLC was the most widely employed because of its simplicity, reliability, 
accuracy, and cost-effectiveness. UPLC and LC-MS/MS methods demonstrated superior sensitivity, selectivity, and analytical performance, making 
them particularly suitable for bioanalytical and pharmacokinetic applications. HPTLC and UV spectrophotometric methods provided economical 
alternatives for routine analysis but generally exhibited lower sensitivity compared with advanced chromatographic techniques. 

A comparative evaluation of the reviewed studies indicates that the choice of analytical method depends on the intended application, required 
sensitivity, sample matrix, available instrumentation, and regulatory requirements. Although significant progress has been made in analytical 
method development, there remains a need for rapid, environmentally friendly, highly sensitive, and cost-effective methods that can support both 
pharmaceutical quality control and bioanalytical investigations. 

Future research should focus on the development of green analytical methodologies, automation of analytical workflows, advanced hyphenated 
techniques, and improved analytical platforms capable of providing enhanced sensitivity, robustness, and operational efficiency. Such developments 
will further strengthen the analytical assessment of metformin and its combination therapies in pharmaceutical and clinical applications. 
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