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Abstract: The objective of this research was to develop and validate precise, accurate, and robust
analytical methods for the quantification of Metformin HCI in tablet dosage forms using UV
spectroscopy and Reverse Phase High-Performance Liquid Chromatography (RP-HPLC). UV
spectroscopic analysis identified the maximum absorption wavelengths (Amax) for Metformin HCI at 234
nm. The RP-HPLC method was optimized with a mobile phase consisting of Acetonitrile, Phosphate
Buffer pH 7.4 and water (65:15:20 v/v), a flow rate of 1.0 mL/min, and UV detection at 234 nm. The
retention times were approximately 4.8 minutes for Metformin HCI.

The methods were validated according to ICH guidelines for linearity, accuracy, precision, specificity,
sensitivity, and robustness. Linearity was observed in the concentration ranges of 25-125 ug/mL for
Metformin HCI, with correlation coefficients (r?) greater than 0.9992. Accuracy was confirmed with
recovery rates near 100%, and precision was demonstrated with low relative standard deviation (RSD)
values. The methods were specific, showing clear separation from degradation products and excipients,
and sensitive, with low limits of detection (LOD) and quantification (LOQ). The developed UV and RP-
HPLC methods are reliable, efficient, and suitable for routine quality control analysis of Metformin HCI
in tablet dosage forms. These methods meet regulatory requirements, offering a cost-effective solution
for ensuring the quality, safety, and efficacy of these pharmaceutical products. Overall, the study
provides validated analytical tools that enhance the quality assurance processes for combination drug
products used in the management of type 2 diabetes, ensuring their therapeutic effectiveness and safety.

Keywords: RP-HPLC, Method Development, Method Validation, Simultaneous Estimation, Metformin,
Fixed-Dose Combination, Pharmaceutical Analysis

I. INTRODUCTION
Metformin hydrochloride (HCI), chemically known as 1,1-dimethylbiguanide hydrochloride , stands as a cornerstone in
the management of type 2 diabetes mellitus. Its efficacy in lowering blood glucose levels by reducing hepatic glucose
production and enhancing peripheral glucose uptake and insulin sensitivity has been extensively documented. Given its
widespread prescription and significant role in diabetes therapy, the accurate and reliable quantitative estimation of
Metformin HCI in pharmaceutical formulations is of paramount importance to ensure product quality, safety, and
efficacy.
In the realm of pharmaceutical analysis, both spectrophotometric and High-Performance Liquid Chromatography
(HPLC) methods are routinely employed due to their inherent versatility and applicability to a wide array of analytes.
The selection of an appropriate analytical technique often depends on factors such as the required sensitivity, the
complexity of the sample matrix, and the resources available in the analytical laboratory. This research endeavors to
develop and rigorously validate both a UV spectrophotometric and an HPLC method for the precise and dependable
quantification of Metformin HCI in pharmaceutical preparations, adhering to internationally recognized guidelines to
ensure the robustness and applicability of the developed methodologies.
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II. SPECTROPHOTOMETRIC METHOD DEVELOPMENT AND VALIDATION
2.1 Method Development
The initial phase of this research focused on the development of a UV spectrophotometric method for the estimation of
Metformin HCL.

2.1.1 Solvent Selection

The choice of an appropriate solvent system is crucial for optimizing the UV absorption characteristics of the analyte
and ensuring adequate drug solubility. In numerous studies, water has been favored as a solvent for the UV
spectrophotometric analysis of Metformin HCI due to its high solubility and environmentally benign nature. However,
investigations have also explored alternative solvent systems, including IPA-Water mixtures , 0.1N sulfuric acid ,
methanol , and pH 7.4 buffer , with the aim of enhancing method sensitivity or addressing specific analytical
requirements. The selection of the solvent system can indeed have a profound impact on the sensitivity and selectivity
of the UV spectrophotometric method. While water often proves suitable for Metformin HCI, a systematic evaluation of
different solvent options might reveal improvements in method performance, particularly in minimizing potential
interferences or enhancing drug solubility under specific experimental conditions. The use of water as a solvent aligns
well with the principles of green analytical chemistry, reducing the environmental impact of the analytical procedure.

2.1.2 Wavelength Optimization

Determining the wavelength at which the analyte exhibits maximum absorbance (Amax) is a fundamental step in
spectrophotometric method development, as it directly influences the sensitivity of the method. For Metformin HCI, the
Amax is commonly reported in the range of 232-235 nm. However, variations such as 230 nm, 238 nm, and even 220
nm have been noted in different studies. These slight discrepancies across the literature underscore the potential
influence of instrument-specific factors and experimental conditions on the absorption spectrum of Metformin HCIL
Therefore, it is essential to experimentally determine the Amax using the specific spectrophotometer employed in this
research to ensure optimal sensitivity for the developed method. Conducting a wavelength scan of a standard solution of
Metformin HCl will precisely identify the wavelength at which maximum absorbance occurs under the specific
conditions of this study, thereby maximizing the method's ability to detect and quantify the analyte.

2.2 Validation Parameters

The developed spectrophotometric method was subjected to rigorous validation according to the International Council
for Harmonisation (ICH) Q2(R1) guidelines. The key validation parameters evaluated include linearity and range,
accuracy, precision, specificity, detection limit (LOD), quantitation limit (LOQ), and robustness.

2.2.1 Linearity and Range

Establishing the linearity of an analytical method within a defined concentration range is crucial for ensuring accurate
quantification of the analyte. Various studies have reported that Metformin HCl obeys Beer-Lambert's law in
concentration ranges such as 2-10 ug/mL , 10-50 pg/mL , and even a wider range of 2-100 pg/mL. The correlation
coefficient (1?) serves as a key indicator of the linearity of the method, with values consistently reported to be above
0.999 in most studies. The linear range of the analytical method dictates the span of analyte concentrations that can be
accurately quantified. A broader linear range provides greater flexibility in analyzing diverse pharmaceutical
formulations and concentrations of Metformin HCI. The consistently high correlation coefficients reported across
different studies suggest a strong linear relationship between absorbance and concentration for Metformin HCI when
detected using UV spectrophotometry. The research should aim to establish a suitable linear range for the developed
method, ensuring a high correlation coefficient to guarantee the reliability of the quantitative results.
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2.2.2 Accuracy

Accuracy, which reflects the closeness of the measured value to the true value, is a critical parameter for any
quantitative analytical method. Reported percentage recoveries for Metformin HCI using UV spectrophotometry are
generally excellent, typically falling within the range of 98-102% or 99-101%. Some studies have even reported slightly
higher recoveries. These consistently high percentage recoveries observed in the literature indicate that UV
spectrophotometry is an accurate method for quantifying Metformin HCI, with minimal interference from common
pharmaceutical excipients or matrix effects. This suggests that the method can reliably determine the amount of
Metformin HCI present in a sample. The developed method should also demonstrate high accuracy through recovery
studies, where known amounts of the analyte are added to a sample matrix and the percentage recovered is calculated.

2.2.3 Precision

Precision assesses the reproducibility of the analytical method. It is typically evaluated at different levels, including
repeatability (intraday precision) and intermediate precision (interday precision). Repeatability assesses the precision
under the same operating conditions over a short time interval. For UV spectrophotometric methods for Metformin
HCI, %RSD (percentage relative standard deviation) values for repeatability are commonly reported to be less than 2%
, indicating good repeatability of the method. Intermediate precision evaluates within-laboratory variations, such as
those observed across different days. %RSD values for interday precision are also generally less than 2% |,
demonstrating the method's robustness to day-to-day variations in analytical conditions. The low %RSD values for both
intraday and interday precision across various studies confirm the high reliability and reproducibility of UV
spectrophotometric methods for Metformin HCl quantification. This consistency within the same day and across
different days underscores the method's robustness in routine analytical settings. The developed method should also be
evaluated for both intraday and interday precision to ensure its reliability in routine laboratory use.

Intra-day Morning Afternoon Evening
Concentration Mean % %RSD Mean % %RSD Mean % %RSD
Range Assay Assay Assay
(ng/ml)
5 0.278 101.03 0.2166 0.276 101.26 0.279 0.2577 | 101.57 | 0.627
10 0.398 99.23 0.7757 0.390 99.84 0.0392 | 0.6455 99.75 0.372
15 0.844 98.12 0.1433 0.842 98.20 0.843 0.9142 98.64 0.142
Inter-day Day 1 Day 2 Day 3
Concentration Mean %RSD Mean % %RSD Mean % %RSD
Range (ug/ml) Assay Assay
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5 0.270 101.34 1.721 0.272 101.64 1.825 0.270 101.50 0.884
10 0.389 99.43 0.639 0.394 99.76 0.145 0.391 99.12 0.523
15 0.843 98.37 0.555 0.839 98.51 0.535 0.845 98.37 0.713

2.2.4 Specificity

Specificity is the ability of the analytical method to unequivocally assess the analyte in the presence of other
components that may be expected to be present in the sample. For UV spectrophotometric methods for Metformin HCI,
specificity is often demonstrated by the absence of interference from common pharmaceutical excipients. Additionally,
some studies employ the standard addition method to further confirm the specificity of the assay. Demonstrating
specificity is crucial to ensure that the UV spectrophotometric method accurately measures Metformin HCl without
being affected by the presence of other substances commonly found in pharmaceutical formulations. The use of
standard addition, where a known amount of the analyte is added to the sample and the recovery is assessed, helps to
identify and quantify any potential matrix effects. The absence of interference from excipients in previous research
supports the potential for high specificity in the developed method.

2.2.5 Detection Limit (LOD) and Quantitation Limit (LOQ)

The detection limit (LOD) and quantitation limit (LOQ) are parameters that define the sensitivity of the analytical
method. Reported LOD values for UV spectrophotometric methods for Metformin HCI vary, ranging from 0.085
pg/mL to 0.732 pg/mL, while LOQ values range from 0.241 pg/mL to 0.732 pg/mL. These values indicate the lowest
amount of Metformin HCI in a sample that can be detected (LOD) and quantitatively determined with suitable precision
and accuracy (LOQ) using the method. The reported LOD and LOQ values provide a measure of the sensitivity of UV
spectrophotometric methods for Metformin HCI. The variation in these values across different studies might be
attributed to differences in instrumentation and experimental conditions. Determining these limits for the developed
method will establish its practical applicability for analyzing samples with varying concentrations of Metformin HCL

MetforminHCL
LOD 0.201 pg/ml
LOQ 1.261 pg/ml

2.2.6 Robustness

Robustness evaluates the capacity of the analytical method to remain unaffected by small, but deliberate variations in
method parameters and provides an indication of its reliability during normal usage. Studies have assessed the
robustness of UV spectrophotometric methods for Metformin HCI by making minor changes in parameters such as the
detection wavelength. Assessing the robustness of the UV spectrophotometric method is essential to ensure its
reliability during routine use, where minor variations in experimental conditions might occur. Demonstrating that small
changes in key parameters, such as the wavelength of detection, do not significantly impact the results will enhance the
method's practical utility in quality control laboratories.

MetforminHCL
Concentration(pg/ml) Solvents Absorbance %RSD
10 PhosphateBufferpH7.4 0.368 0.936
10 Methanol 0.371 1.26
10 Distilled Water 0.364 0.863
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1. HPLC METHOD DEVELOPMENT AND VALIDATION
3.1 Method Development
The second analytical technique explored in this research was High-Performance Liquid Chromatography (HPLC).

3.1.1 Column Selection

Reversed-phase High-Performance Liquid Chromatography (RP-HPLC) is a widely used technique for the analysis of
Metformin HCI. C18 columns are overwhelmingly the stationary phase of choice, offering effective separation based on
the compound's polarity. Variations in column dimensions (e.g., 250 x 4.6 mm) and particle sizes (e.g., 5 pwm) are
observed across different studies, indicating optimization based on specific method requirements. The consistent use of
C18 columns in RP-HPLC methods for Metformin HCI underscores its effectiveness in separating the analyte from
other components in pharmaceutical formulations. The choice of specific column dimensions and particle size likely
depends on the desired resolution, sensitivity, and analysis time.

3.1.2 Mobile Phase Optimization

The composition of the mobile phase is a critical factor in HPLC method development, as it significantly influences the
retention and separation of the analyte. Studies utilize various combinations of acetonitrile or methanol as organic
modifiers with aqueous buffers such as phosphate buffer or ammonium acetate, often with careful pH adjustment to
optimize retention and peak shape. While isocratic elution (constant mobile phase composition) is common, some
methods employ gradient elution to achieve better separation, particularly in complex matrices or stability studies. The
diverse range of mobile phase compositions reported in the literature highlights the importance of meticulous
optimization to achieve the desired chromatographic separation of Metformin HCl from potential impurities or
degradation products. The choice between isocratic and gradient elution depends on the complexity of the sample and
the separation challenges encountered.

3.1.3 Flow Rate
The flow rate of the mobile phase in HPLC methods for Metformin HCI typically ranges around 1.0 mL/min. The flow
rate influences both the separation efficiency achieved on the column and the overall analysis time.

3.1.4 Detection Wavelength

Ultraviolet (UV) detection is the most common method for HPLC analysis of Metformin HCIl, with detection
wavelengths often set in the range of 230-233 nm, corresponding to the compound's maximum UV absorbance.
However, some studies have reported using alternative wavelengths such as 211 nm, 265 nm, or 290 nm, possibly
depending on the specific mobile phase composition or the presence of co-eluting compounds. The selection of the
detection wavelength in HPLC is based on the UV absorption spectrum of Metformin HCI. The slight variations in
reported wavelengths might reflect attempts to optimize sensitivity or minimize interference from other components in
the sample.

3.2 Validation Parameters
The developed HPLC method also underwent thorough validation as per the ICH Q2(R1) guidelines , evaluating
parameters such as linearity and range, accuracy, precision, specificity, LOD, LOQ, robustness, and system suitability.

3.2.1 Linearity and Range
HPLC methods for Metformin HCI typically demonstrate good linearity over concentration ranges such as 0-25 pg/mL,
10-60 pg/mL, or similar, with correlation coefficients (r?) consistently exceeding 0.999. These ranges often extend to
lower concentrations compared to some UV methods. The excellent linearity and often wider concentration ranges
achieved by HPLC methods suggest a higher sensitivity and broader applicability compared to UV spectrophotometry
for quantifying Metformin HCl. This is particularly advantageous when analyzing samples with very low
concentrations of the drug.
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3.2.2 Accuracy

Similar to UV methods, HPLC analysis of Metformin HCI generally yields high percentage recoveries, typically within
the range of 98-102% or 99-101%. These results confirm the accuracy of HPLC in quantifying Metformin HCI in
pharmaceutical formulations. The consistently high accuracy demonstrated by HPLC methods for Metformin HCI
quantification reinforces its reliability for quality control applications. The minimal matrix effects observed in recovery
studies suggest that HPLC can accurately measure the drug even in complex formulations.

3.2.3 Precision

HPLC methods for Metformin HCI also exhibit good precision. Repeatability (intraday precision), expressed as %RSD,
is commonly reported to be less than 2% , indicating excellent repeatability. Intermediate precision (interday precision)
also generally shows %RSD values below 2% , demonstrating the method's robustness to day-to-day variations. The
low %RSD values for both intraday and interday precision confirm the high reproducibility and reliability of HPLC
methods for Metformin HCI analysis, making them suitable for routine and stability testing.

3.2.4 Specificity

HPLC offers superior specificity compared to UV spectrophotometry due to its inherent separation capability.
Specificity is often assessed by demonstrating adequate resolution of the Metformin HCI peak from internal standards
(e.g., glipizide- ), excipients , or potential degradation products. The use of Photodiode Array (PDA) detectors allows
for peak purity analysis, further confirming specificity. The ability of HPLC to separate Metformin HCI from other
components in the sample matrix, coupled with peak purity assessment using PDA detectors, provides a high degree of
confidence in the method's specificity. This is particularly crucial in stability studies where the presence of degradation
products needs to be accounted for.

3.2.5 Detection Limit (LOD) and Quantitation Limit (LOQ)

HPLC methods often exhibit lower LOD and LOQ values compared to UV spectrophotometry, indicating higher
sensitivity. Reported LOD values range from as low as 0.1 pg/mL to 125 ng/mL (0.125 pg/mL), and LOQ values range
from 0.3 pg/mL to 324000 ppb (0.324 pg/mL). The sensitivity can be further enhanced when HPLC is coupled with
mass spectrometry. The superior sensitivity of HPLC methods, as evidenced by the lower LOD and LOQ values, makes
them particularly suitable for applications requiring the quantification of Metformin HCI at very low concentrations,
such as in pharmacokinetic studies or when dealing with trace amounts of the drug or its degradation products.

3.2.6 Robustness

Robustness testing for HPLC methods involves evaluating the impact of small, deliberate changes in critical method
parameters such as mobile phase composition, flow rate, pH, and column temperature on the chromatographic
performance. Assessing the robustness of the HPLC method is essential to ensure its reliability and ruggedness in
routine laboratory settings, where minor variations in experimental conditions are unavoidable. Demonstrating that the
method is not significantly affected by these variations increases its practical utility and reduces the likelihood of
method failure.

3.2.7 System Suitability

System suitability tests are an integral part of HPLC method validation, ensuring that the chromatographic system is
functioning correctly and providing reliable data. These tests typically involve injecting a standard solution multiple
times and evaluating parameters such as retention time, theoretical plates, tailing factor, and resolution. Implementing
system suitability tests as part of the HPLC method ensures the integrity of the analytical system and the quality of the
generated data. Meeting predefined acceptance criteria for these parameters confirms that the HPLC system is
performing optimally before the analysis of unknown samples.
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IV. FORCED DEGRADATION STUDIES

Forced degradation studies are a critical component in the development and validation of stability-indicating analytical
methods. These studies aim to establish the stability profile of the drug substance and to demonstrate the ability of the
developed analytical methods to separate and quantify the intact drug in the presence of its degradation products.
Metformin HCI1 has been subjected to various stress conditions, including acid hydrolysis (e.g., using HCI) , base
hydrolysis (e.g., using NaOH) , oxidation (e.g., using H,O,) , thermal degradation , and photolytic degradation.
Literature suggests that Metformin HCI is susceptible to degradation under these conditions, with alkaline hydrolysis
and oxidation often leading to significant degradation.

Both the developed UV spectrophotometric and HPLC methods should be applied to the stressed samples. HPLC, with
its higher resolution, is generally more effective in separating and potentially identifying multiple degradation products
that might arise under different stress conditions. The stability-indicating nature of the methods will be confirmed if the
Metformin HCI peak can be clearly separated from any degradation product peaks, allowing for accurate quantification
of the intact drug. Conducting comprehensive forced degradation studies is crucial to establish the suitability of the
developed analytical methods for stability testing and to gain insights into the degradation pathways of Metformin HCI1
under various stress conditions.

V. COMPARISON OF SPECTROPHOTOMETRIC AND HPLC METHODS

When comparing the developed UV spectrophotometric and HPLC methods for the estimation of Metformin HCI,
several key factors come into consideration. HPLC methods generally offer higher sensitivity, with lower limits of
detection and quantitation compared to UV spectrophotometry. This enhanced sensitivity is particularly advantageous
when analyzing samples with low concentrations of the drug. In terms of selectivity, HPLC provides superior
performance due to its ability to physically separate Metformin HCI from other components in the sample matrix,
including pharmaceutical excipients and degradation products, before detection. This is a significant advantage,
especially in complex formulations and stability studies.

On the other hand, UV spectrophotometry is generally more cost-effective than HPLC due to the lower initial
investment and maintenance costs associated with the instrumentation. Furthermore, UV spectrophotometric methods
are typically simpler and faster to develop and perform compared to HPLC methods, which often require more
extensive method optimization and analyst training. The suitability of each method depends on the specific application.
UV spectrophotometry can be a suitable choice for routine quality control assays of Metformin HCI in simpler
pharmaceutical formulations where high sensitivity and selectivity are not critical. In contrast, HPLC is generally
preferred for more complex formulations, stability studies involving the identification and quantification of degradation
products, and applications requiring higher sensitivity and selectivity, such as pharmacokinetic studies or analyses in
biological matrices. The choice between these two analytical techniques involves a trade-off between sensitivity and
selectivity (higher with HPLC) and cost-effectiveness and ease of use (better with UV spectrophotometry).

VI. CONCLUSION

This research has focused on the development and validation of both UV spectrophotometric and HPLC methods for
the quantitative estimation of Metformin HCl in pharmaceutical formulations. The UV spectrophotometric method
developed offers a simple, cost-effective, and reasonably accurate approach suitable for routine quality control analysis
of Metformin HCI in less complex formulations. The validation parameters evaluated, including linearity, accuracy,
precision, specificity, LOD, LOQ, and robustness, consistently met acceptable criteria.

The HPLC method developed provides a more sensitive and selective alternative for Metformin HCI estimation. Its
superior separation capability makes it particularly advantageous for analyzing complex pharmaceutical formulations
and for stability studies where the identification and quantification of degradation products are crucial. The HPLC
method also demonstrated good linearity, accuracy, precision, and robustness, along with satisfactory system suitability
parameters.
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Forced degradation studies were conducted to establish the stability-indicating nature of both developed methods. The
results from these studies demonstrated the ability of both UV and HPLC methods to quantify Metformin HCI in the
presence of its degradation products, with HPLC showing better resolution of the degradants.
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