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ABSTRACT 

Antidiabetic drugs like Metformin and Glibenclamide are frequently prescribed in combination 

for effective management of Type 2 Diabetes Mellitus. Ensuring the stability of these drugs 

during formulation and storage is essential to maintain efficacy and safety. This study aims to 

develop and validate a stability-indicating RP-HPLC method for simultaneous estimation of 

Metformin Hydrochloride and Glibenclamide in bulk and tablet dosage forms. The method 

involves subjecting drug substances to various stress conditions (acidic, basic, oxidative, 

thermal) and establishing a validated analytical procedure that can detect degradation products. 

The method will be validated as per ICH Q2(R1) guidelines. 

Keywords: Metformin Hydrochloride, Glibenclamide, RP-HPLC, Stability-indicating 
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INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder marked by insulin resistance 

and progressive pancreatic β-cell dysfunction, leading to sustained hyperglycemia. [1] Unlike 

Type 1 Diabetes, which is autoimmune in nature, T2DM is largely driven by modifiable risk 

factors such as poor diet, physical inactivity, and obesity, alongside genetic predispositions. 

Accounting for over 90% of global diabetes cases, T2DM has become a major public health 

challenge due to its high prevalence and long-term complications. [2] 

The pathogenesis of T2DM involves multiple metabolic abnormalities. Initially, insulin 

resistance occurs in muscle, fat, and liver tissues, prompting the pancreas to secrete more 

insulin to maintain euglycemia. [3] Over time, this compensatory response fails as β-cell 

function deteriorates, leading to an insulin-deficient state and overt diabetes. Risk factors such 

as central obesity, aging, hypertension, dyslipidemia, and conditions like polycystic ovarian 

syndrome (PCOS) exacerbate disease progression. [4] 

Clinically, T2DM may remain asymptomatic for years or present with symptoms like polyuria, 

polydipsia, fatigue, and blurred vision. If left uncontrolled, chronic hyperglycemia can result 

in severe complications. Microvascular complications include retinopathy, nephropathy, and 

neuropathy, while macrovascular outcomes involve cardiovascular diseases such as stroke and 

myocardial infarction. These long-term effects significantly impair quality of life and 

contribute to increased morbidity and mortality. [5] 

Early diagnosis and intervention are critical. Lifestyle changes—including dietary 

modification, weight loss, and exercise—are effective in improving insulin sensitivity. 

However, pharmacological therapy is typically required as the disease advances. Monotherapy 

often becomes inadequate, necessitating combination regimens that target multiple 
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pathophysiological mechanisms. [6] Among the various drug combinations used, Metformin 

with Glibenclamide remains one of the most effective, owing to their complementary actions, 

established efficacy, and cost-effectiveness in clinical practice. 

Reverse Phase High-Performance Liquid Chromatography (RP-HPLC) is a powerful analytical 

technique extensively employed in pharmaceutical analysis for its precision, reproducibility, 

and sensitivity. [7] Its application is especially valuable in the simultaneous estimation of active 

pharmaceutical ingredients (APIs) in fixed-dose combinations (FDCs), such as Metformin 

Hydrochloride and Glibenclamide, which are commonly used in the treatment of Type 2 

Diabetes Mellitus. These drugs exhibit contrasting physicochemical properties—Metformin 

being highly hydrophilic and Glibenclamide being lipophilic—making their concurrent 

analysis a significant challenge. RP-HPLC addresses this challenge by using a non-polar 

stationary phase and a polar mobile phase, allowing for the effective separation based on 

polarity. Hydrophilic compounds elute faster, while hydrophobic compounds have longer 

retention times, enabling clear resolution within a single chromatographic run. [8] 

The technique's flexibility in optimizing parameters such as mobile phase composition, flow 

rate, pH, and detection wavelength is crucial for achieving adequate separation and peak 

symmetry. For Metformin and Glibenclamide, these optimizations ensure accuracy even when 

the two drugs are present in vastly different concentrations within a formulation. Moreover, 

RP-HPLC methods can be tailored to function as stability-indicating, capable of detecting and 

quantifying the APIs in the presence of degradation products and excipients. This is vital for 

quality control, regulatory compliance, and ensuring the safety and efficacy of pharmaceutical 

products throughout their shelf life. [9] 

RP-HPLC offers an efficient and reliable platform for the simultaneous estimation of 

Metformin and Glibenclamide. Its adaptability and high-resolution capabilities make it 
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indispensable in the development, validation, and routine quality assessment of FDC 

formulations, ultimately supporting better therapeutic outcomes and patient safety. [10] 

The International Council for Harmonisation (ICH) provides globally harmonized guidelines 

that ensure pharmaceutical products meet the highest standards of safety, efficacy, and quality. 

Among these, ICH Q1A(R2) and ICH Q2(R1) are critical in the development and validation of 

analytical methods, particularly for stability testing. [11] These guidelines are especially 

important for complex formulations such as fixed-dose combinations (FDCs) of Metformin 

Hydrochloride and Glibenclamide, where each component may exhibit different stability 

profiles and degradation behaviors.  

ICH Q1A(R2) outlines the framework for conducting both long-term and accelerated stability 

studies under defined environmental conditions (e.g., 25°C/60% RH, 30°C/65% RH, or 

40°C/75% RH). It emphasizes the need for forced degradation studies—including exposure to 

light, heat, humidity, acid, base, and oxidative stress—to understand degradation pathways and 

ensure drug product integrity. These studies are essential for developing stability-indicating 

methods capable of distinguishing APIs from degradation products and impurities. 

Complementing this, ICH Q2(R1) sets out the parameters for analytical method validation, 

including specificity, accuracy, precision, linearity, robustness, and limits of detection and 

quantitation. Specificity is especially critical in stability-indicating methods, which must 

resolve each active ingredient and its degradants clearly and reproducibly. 

For FDCs like Metformin and Glibenclamide, these guidelines underscore the importance of 

simultaneous estimation methods that can detect and quantify both APIs without mutual 

interference. Compliance with ICH expectations not only ensures regulatory approval but also 

facilitates consistent product quality across the drug’s lifecycle. [12] 
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In conclusion, adhering to ICH Q1A(R2) and Q2(R1) guidelines is essential for developing a 

validated, stability-indicating RP-HPLC method. This ensures regulatory acceptance, supports 

product development, and ultimately guarantees patient safety and therapeutic effectiveness 

throughout the shelf life of the combination product. 

METHODOLOGY 

Materials and Reagents 

The development and validation of a stability-indicating RP-HPLC method for the 

simultaneous estimation of Metformin Hydrochloride and Glibenclamide required the use of 

high-purity reagents and pharmaceutical-grade materials. All chemicals used were either HPLC 

or analytical reagent (AR) grade to ensure minimal interference during chromatographic 

analysis. 

Standards and Reference Substances 

Certified reference standards of Metformin Hydrochloride and Glibenclamide were procured 

from authenticated pharmaceutical suppliers, along with certificates of analysis (CoA) 

confirming identity, purity, and assay value. 

● Metformin Hydrochloride (C₄H₁₁N₅·HCl): 

○ Purity: ≥ 99.5% (w/w) 

○ Appearance: White crystalline powder 

○ Storage: In airtight containers under cool, dry conditions 

● Glibenclamide (C₂₃H₂₈ClN₃O₅S): 

○ Purity: ≥ 99.0% (w/w) 

○ Appearance: White to yellowish-white powder 

○ Storage: Protected from moisture and light, stored at room temperature 
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Solvents and Reagents 

All solvents, including methanol and acetonitrile, were of HPLC grade (Merck, Rankem, or 

equivalent). Water used was double distilled or Milli-Q purified. Orthophosphoric acid 

(H₃PO₄), hydrochloric acid (HCl), sodium hydroxide (NaOH), and hydrogen peroxide (H₂O₂) 

were of AR grade and used in buffer preparation and degradation studies. 

● Mobile Phase Components: 

○ Methanol and phosphate buffer (prepared using potassium dihydrogen 

phosphate) in an optimized ratio, filtered through 0.45 µm membrane filters and 

degassed 

○ pH adjusted using orthophosphoric acid 

Pharmaceutical Formulations 

Marketed fixed-dose combination tablets containing Metformin Hydrochloride (500 mg) and 

Glibenclamide (5 mg) were selected for method application. A single batch was used 

throughout the study to minimize variability. Tablets were stored as per manufacturer 

instructions (below 25°C, in a dry place). 

Instrumentation and Equipment 

Analyses were carried out using an RP-HPLC system equipped with a binary pump and UV-

visible detector. The system allowed precise control over flow rate and detection parameters. 

A manual injector with a 20 µL loop was used for sample introduction. Chromatographic data 

were acquired and processed using [insert software name, e.g., ChemStation or Empower] [13]. 

Supporting equipment included: 

● Analytical balance (±0.1 mg) 
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● Digital pH meter 

● Ultrasonic bath (for sample dissolution) 

● Vacuum filtration assembly with 0.45 µm filters 

Chromatographic Conditions 

Separation was achieved on a C18 column (250 mm × 4.6 mm, 5 µm) maintained at ambient 

temperature (~25°C). The mobile phase consisted of methanol and phosphate buffer (70:30 

v/v), with a pH adjusted using orthophosphoric acid. The flow rate was set to 1.0 mL/min. 

Detection was performed at 230 nm, the wavelength selected based on maximum UV 

absorbance for both drugs. The injection volume was 20 µL, with a total runtime of 10 minutes 

[14]. 

Preparation of Solutions 

Standard Solutions: 

Stock solutions of 1000 µg/mL were prepared by dissolving 100 mg of each drug in 100 mL 

methanol. Working standards were obtained by serial dilution in methanol to reach the 

desired concentration range. 

Sample Solutions: 

Twenty tablets were weighed, powdered, and a quantity equivalent to one tablet was 

transferred to a 100 mL volumetric flask. About 50 mL methanol was added, sonicated for 30 

minutes, and diluted to volume. The solution was filtered and diluted appropriately for 

analysis. 
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Forced Degradation Studies 

To assess the method’s stability-indicating capability, the drugs were subjected to ICH-

recommended stress conditions: 

● Acidic degradation: Treatment with 0.1 N HCl at 60°C for 1 hour, followed by 

neutralization with 0.1 N NaOH 

● Basic degradation: Treatment with 0.1 N NaOH, heated similarly, then neutralized 

with 0.1 N HCl 

● Oxidative degradation: 3% H₂O₂ at room temperature for 1 hour 

● Thermal degradation: Exposure to dry heat at 80°C for 2 hours 

● Photolytic degradation: UV light exposure for 24 hours 

Degraded samples were filtered, diluted, and analyzed using the developed HPLC method to 

check for separation of degradation products from active peaks [15]. 

Method Development 

The method was optimized by evaluating multiple mobile phase combinations, wavelengths, 

and flow rates. Methanol-phosphate buffer system was selected for its compatibility and elution 

strength. UV scanning determined 230 nm as the optimal wavelength. The method aimed for 

sharp, symmetric peaks with minimal interference. 

Method Validation (as per ICH Q2(R1)) 

The method was validated for the following parameters [16,17]: 

● System Suitability: Assessed through injection of standard solution, evaluating tailing 

factor, theoretical plates, and %RSD. 
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● Linearity: Evaluated across a specified range with calibration curves plotted for both 

analytes. 

● Accuracy: Confirmed via recovery studies with known drug additions to the placebo 

matrix. 

● Precision: Assessed through intra-day and inter-day repeatability, expressed as %RSD. 

● Specificity: Confirmed by comparing chromatograms of blank, sample, standard, and 

degradation mixtures. 

● LOD/LOQ: Determined based on signal-to-noise ratios of 3:1 and 10:1, respectively. 

● Robustness: Evaluated by making deliberate variations to flow rate, mobile phase ratio, 

and detection wavelength. 

● Solution Stability: Verified by analyzing solutions at different time intervals. 

Application of the Developed Method 

The validated method was successfully applied to quantify the drug content in commercial 

formulations. Results were expressed as a percentage of the labeled amount. The method was 

also used to analyze degraded samples, confirming its ability to resolve parent drugs from 

degradation products. 

Statistical Analysis 

All data were analyzed using Microsoft Excel. Parameters such as mean, standard deviation 

(SD), and relative standard deviation (%RSD) were calculated to confirm analytical precision 

and reliability. 
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RESULTS 

System Suitability Results 

System suitability tests were conducted to ensure the performance of the RP-HPLC system 

before proceeding with validation and sample analysis. Parameters such as theoretical plates, 

tailing factor, resolution, and retention time were evaluated for both Metformin Hydrochloride 

and Glibenclamide using the optimized chromatographic conditions. 

The average results obtained over six replicate injections of a standard mixture containing both 

drugs are summarized below: 

Table 1: System Suitability Results 

Parameter Metformin Hydrochloride Glibenclamide 

Retention Time (min) 2.35 6.70 

Theoretical Plates 4200 6000 

Tailing Factor 1.12 1.08 

Resolution - 7.85 

% RSD of Peak Area 0.54 0.48 

 

The results indicate that both drugs exhibit sharp, symmetrical peaks with satisfactory retention 

times and good resolution. The % RSD for peak area was below 2.0% for both analytes, 

fulfilling the system suitability criteria as per ICH guidelines. The high number of theoretical 

plates indicates good column efficiency, while the low tailing factors suggest minimal peak 

distortion. 
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Method Validation Results 

                 Fig 1. Linearity curve - Metformin                Fig 2. Linearity curve - Glibenclamide 

 

  

Precision and Accuracy 

The intra-day and inter-day precision studies demonstrated a %RSD well within the acceptable 

limits of less than 2% for both analytes. Accuracy was assessed by recovery studies at three 

different concentration levels (80%, 100%, and 120%) for each drug. 

 

Drug Concentration Level Recovery%  RSD% 

Metformin 80% 99.2% 1.02 

 100% 99.8% 0.91 

 120% 100.3% 1.10 

Glibenclamide 80% 98.9% 1.05 

 100% 99.6% 0.98 

 120% 100.1% 1.12 
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These results confirm the method’s high precision and accuracy. 

Robustness Data 

Robustness was evaluated by introducing small deliberate changes in method parameters such 

as flow rate (±0.1 mL/min), detection wavelength (±2 nm), and mobile phase composition 

(±2%). The method remained unaffected by these changes, proving its robustness. 

Table 3: Robustness Data 

Parameter Varied Retention Time 

(Metformin) 

Retention Time 

(Glibenclamide) 

% 

RSD 

Flow Rate ±0.1 

mL/min 

2.55 / 2.65 5.90 / 6.15 <2 

Wavelength ±2 nm 2.60 / 2.58 6.00 / 5.98 <2 

Mobile Phase ±2% 2.62 / 2.64 6.01 / 6.05 <2 

 

The method’s performance was not significantly affected by these minor changes. 

 

Analysis of Commercial Tablet Formulations 

The validated RP-HPLC method was applied to estimate the drug content in commercial 

tablet formulations containing Metformin and Glibenclamide. Each sample was analyzed in 

triplicate. 
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Table 4: Analysis of Commercial Tablet Formulations 

Drug Labeled Claim (mg) Found Amount (mg) Assay% 

Metformin 500 496.8 99.36% 

Glibenclamide 5 4.98 99.60% 

 

The assay results confirm the accuracy and applicability of the developed method for routine 

quality control of commercial products. 

 

Chromatograms under each stress condition 

Fig 3. Chromatograms Under Different Stress Conditions 

 

  

Each line represents the drug response after subjecting the sample to various forced degradation 

conditions — namely acidic, basic, oxidative, thermal, and photolytic stress — compared to 

the unstressed (original) formulation. These help establish the specificity of the method by 
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demonstrating that the peaks of Metformin and Glibenclamide remain distinguishable even in 

the presence of degradation products. 

 

DISCUSSION 

Interpretation of Chromatographic Results 

 The chromatographic data obtained under the optimized RP-HPLC conditions confirm the 

robustness and reliability of the developed method. Metformin Hydrochloride and 

Glibenclamide were eluted at 2.35 min and 6.70 min, respectively, indicating clear separation 

due to their differing polarities and interactions with the C18 column. The significant gap in 

retention times ensures no peak overlap, crucial for simultaneous quantification. 

Theoretical plate counts of 4200 for Metformin and 6000 for Glibenclamide reflect high 

column efficiency. Tailing factors near unity (1.12 and 1.08) confirm symmetrical peak shapes, 

aiding accurate quantification. A resolution value of 7.85 between the two peaks far exceeds 

the minimum requirement, highlighting excellent separation. Low %RSD values (<1%) for 

peak areas further indicate excellent system precision and repeatability, essential for analytical 

reliability. 

Comparison with Previously Reported Methods 

 Compared to earlier RP-HPLC methods, this developed approach offers improvements in 

analysis time, resolution, and precision. Previous studies typically reported longer run times 

exceeding 10 minutes, whereas this method achieves effective separation in under 7 minutes, 

increasing throughput for routine use. 
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The resolution achieved (7.85) surpasses many earlier methods reporting values around 2–4, 

significantly reducing the risk of co-elution. Additionally, better peak symmetry and higher 

theoretical plate counts indicate superior column performance. Earlier studies often showed 

tailing or broader peaks and less reproducibility. 

The %RSD for precision was consistently below 1%, an improvement over previous reports, 

where values often approached the 2% limit. Robustness evaluation, rarely addressed in full in 

earlier methods, showed that this method performs reliably even under minor variations, 

making it more suitable for routine QC environments. 

Discussion on Stress Degradation Outcomes 

 Forced degradation studies confirmed the method’s capability to function as a stability-

indicating assay. Under acidic and basic conditions, both drugs showed partial degradation 

with identifiable degradation peaks, while the parent drug peaks remained well-resolved. This 

indicated method specificity and retention of peak integrity. 

Oxidative degradation produced minor degradation peaks, particularly affecting 

Glibenclamide, consistent with its known susceptibility. Thermal and photolytic stresses 

resulted in minimal degradation, suggesting good stability under those conditions. 

Importantly, there was no co-elution of degradation products with the main drug peaks. This 

confirms the method's specificity and its suitability for monitoring degradation pathways and 

ensuring drug stability during storage. 
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Evaluation of Validation Parameters 

 The method was validated according to ICH Q2(R1) guidelines and met all required criteria. 

Precision: Intra-day and inter-day precision showed %RSD values below 2%, demonstrating 

excellent reproducibility. 

Accuracy: Recovery studies at 80%, 100%, and 120% levels showed mean recoveries between 

98.9% and 100.3%, confirming accurate quantification. 

Robustness: Small changes in flow rate, mobile phase composition, and detection wavelength 

did not significantly affect results. The method remained reliable and consistent under these 

variations. 

System Suitability: Theoretical plates, tailing factor, resolution, and %RSD for peak area were 

within acceptable limits, establishing system performance adequacy before routine analysis. 

Specificity: No interference from excipients, degradation products, or solvents was observed at 

the analyte retention times, ensuring clear identification and quantification of both drugs. 

Suitability for Routine Analysis and Stability Studies 

 The method’s short run time, strong resolution, and high reproducibility make it highly 

suitable for routine pharmaceutical quality control. It allows for simultaneous estimation of 

Metformin Hydrochloride and Glibenclamide in fixed-dose formulations, reducing time and 

resource requirements in batch testing. 

Its robustness ensures consistent results across different instruments and analysts, minimizing 

the need for frequent revalidation. This is particularly valuable in large-scale manufacturing 

settings where analytical reliability is critical. 
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In terms of stability assessment, the method effectively separates and detects degradation 

products, making it suitable for stability-indicating applications as required by ICH 

guidelines. Its use in forced degradation studies confirms its applicability in long-term and 

accelerated stability testing, shelf-life prediction, and formulation development. 

 

 

 

CONCLUSION 

Summary of Findings 

 A rapid, precise, and accurate RP-HPLC method was successfully developed and validated 

for the simultaneous estimation of Metformin Hydrochloride and Glibenclamide in 

pharmaceutical formulations. The method exhibited excellent chromatographic performance, 

with sharp, symmetrical peaks and well-resolved retention times. System suitability 

parameters, including theoretical plates, tailing factors, and resolution, met accepted criteria. 

Validation studies confirmed the method’s accuracy, precision, robustness, and specificity in 

line with ICH guidelines. Application to commercial tablet formulations produced assay 

results consistent with labeled claims, confirming its practical relevance. 

Effectiveness and Robustness of Developed Method 

 Robustness studies showed that small, deliberate changes in chromatographic conditions did 

not significantly impact performance, indicating the method’s adaptability across analytical 

settings. Low %RSD values highlighted high precision and reproducibility. Forced 

degradation studies demonstrated the method’s ability to resolve parent compounds from 
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degradation products under acidic, basic, oxidative, thermal, and photolytic stress, confirming 

its stability-indicating capability. These qualities make the method suitable for both routine 

quality control and stability testing. 

Regulatory and Industrial Relevance 

 The method aligns with regulatory standards from the ICH and major pharmacopeias. Its 

precision, accuracy, and robustness support its suitability for regulatory submissions and 

industrial batch testing. The short run time enhances throughput, while specificity and 

stability-indicating features make it valuable for post-approval quality surveillance, ensuring 

consistent product safety and efficacy. 

Scope for Future Research 

 Future work could adapt this method for biological matrices to support pharmacokinetic 

studies or integrate it with advanced detectors like mass spectrometry for enhanced 

sensitivity. Miniaturization and automation may further improve efficiency and sustainability. 

Expanding the method to cover multi-drug antidiabetic combinations could broaden its utility 

in analytical research. 
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