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ABSTRACT: The development of reliable analytical methods for studying degradation kinetics of pharmaceutical 

compounds under stress conditions is a critical component of modern drug development and quality assurance. Stability 

testing not only ensures the safety and efficacy of drug products throughout their shelf life but also provides insight into 

degradation pathways and mechanisms. This study focuses on the development and validation of a robust, stability-

indicating analytical method for evaluating the degradation kinetics of selected pharmaceutical drugs subjected to 

oxidative, thermal, and photolytic stress conditions. Forced degradation studies were systematically conducted in 

accordance with International Council for Harmonisation (ICH) guidelines to simulate conditions that may accelerate 

chemical breakdown. Oxidative degradation was induced using hydrogen peroxide solutions of varying concentrations, 

while thermal degradation was performed by exposing drug samples to elevated temperatures in controlled environments. 

Photolytic degradation studies were carried out using UV and visible light sources to mimic exposure to sunlight and 

artificial lighting conditions. These stress studies were designed to generate degradation products in a controlled manner, 

enabling the assessment of the intrinsic stability of the drug molecules. 

 

KEYWORDS: Degradation kinetics, Oxidative degradation, Thermal degradation, Photolytic degradation. 

 

I. INTRODUCTION 

 

The development of reliable analytical methods for the evaluation of pharmaceutical substances is a fundamental 

requirement in ensuring drug safety, efficacy, and quality. In recent years, the focus has expanded beyond mere 

quantification of active pharmaceutical ingredients (APIs) to include comprehensive understanding of their stability 

characteristics under various environmental conditions. Among these, degradation kinetics under oxidative, thermal, and 

photolytic stress conditions has emerged as a critical area of research in pharmaceutical analysis. Drug stability refers to 

the ability of a pharmaceutical product to maintain its chemical, physical, microbiological, therapeutic, and toxicological 

properties within specified limits throughout its shelf life. Instability in drug substances may lead to reduced efficacy or 

the formation of toxic degradation products, which can pose serious health risks to patients. Therefore, systematic 

investigation of degradation pathways and kinetics is essential during drug development and regulatory approval 

processes. 

 

Analytical method development plays a crucial role in identifying, separating, and quantifying drugs and their degradation 

products. Techniques such as reverse-phase high-performance liquid chromatography (RP-HPLC), ultra-performance 

liquid chromatography (UPLC), and liquid chromatography–mass spectrometry (LC-MS) are widely employed due to 

their sensitivity, specificity, and robustness. These methods enable the detection of even trace levels of degradation 

products, thereby providing valuable insights into the stability profile of pharmaceutical compounds. 

 

Degradation kinetics involves the study of the rate at which a drug substance decomposes under various stress conditions 

and the factors influencing this process. It provides essential information regarding the shelf life, storage conditions, and 

packaging requirements of pharmaceutical products. The kinetics of drug degradation is typically described using 

mathematical models, such as zero-order, first-order, or pseudo-first-order reactions, depending on the mechanism 

involved. Understanding these kinetic models allows researchers to predict the stability behavior of drugs over time and 

under different environmental conditions. Oxidative degradation is one of the most common pathways affecting drug 

stability. It occurs due to the reaction of drug molecules with oxygen or reactive oxygen species, leading to the formation 
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of oxidized degradation products. Factors such as the presence of metal ions, light, temperature, and pH can significantly 

influence oxidative degradation. Drugs containing functional groups such as phenols, amines, and sulfides are particularly 

susceptible to oxidation. Analytical methods designed to study oxidative degradation must be capable of distinguishing 

between the parent compound and its oxidized forms with high precision. 

 

Thermal degradation, on the other hand, refers to the breakdown of drug substances upon exposure to elevated 

temperatures. Heat can accelerate chemical reactions, leading to increased rates of degradation. The Arrhenius equation 

is commonly used to describe the relationship between temperature and degradation rate, allowing for the prediction of 

drug stability at different temperatures. Thermal studies are especially important for determining appropriate storage and 

transportation conditions, as well as for understanding the impact of manufacturing processes that involve heat. 

 

Photolytic degradation occurs when drug molecules absorb light energy, resulting in chemical transformations. Exposure 

to ultraviolet (UV) or visible light can lead to the formation of free radicals and subsequent degradation products. 

Photostability studies are essential for drugs that are sensitive to light, as improper storage or packaging may lead to 

significant loss of potency. Analytical techniques used in photolytic studies must be capable of detecting changes in drug 

concentration as well as identifying photodegradation products. Forced degradation studies are commonly employed to 

evaluate the stability of drugs under extreme conditions, including oxidative, thermal, photolytic, acidic, and alkaline 

environments. These studies help in identifying potential degradation pathways and products, which are crucial for the 

development of stability-indicating analytical methods. A stability-indicating method is defined as a validated analytical 

procedure that accurately and precisely measures the active ingredient without interference from degradation products, 

impurities, or excipients. 

 

The development of such methods requires careful optimization of chromatographic conditions, including selection of 

the stationary phase, mobile phase composition, flow rate, and detection wavelength. Method validation is performed to 

ensure that the analytical procedure meets predefined criteria for accuracy, precision, specificity, linearity, robustness, 

and sensitivity. Regulatory guidelines provided by the International Council for Harmonisation, particularly ICH Q1A 

(stability testing) and ICH Q2(R1) (validation of analytical procedures), serve as the foundation for method development 

and validation in pharmaceutical research. In addition to regulatory compliance, the study of degradation kinetics has 

practical implications in drug formulation and development. By understanding the mechanisms and rates of degradation, 

formulators can design more stable drug products through the use of appropriate excipients, antioxidants, packaging 

materials, and storage conditions. Furthermore, kinetic data can be used to estimate shelf life and establish expiration 

dates, ensuring that patients receive medications that are both safe and effective. 

 

Advancements in analytical technologies have further enhanced the ability to study drug degradation in detail. Modern 

instruments offer high resolution, faster analysis times, and improved sensitivity, enabling researchers to detect and 

characterize degradation products with greater accuracy. Coupling chromatographic techniques with spectroscopic 

methods, such as mass spectrometry, has allowed for structural elucidation of degradation products, thereby providing 

deeper insights into degradation mechanisms. 

 

II. RESEARCH OBJECTIVES 

 

The primary goal of this research is to develop, validate, and apply robust analytical methods for studying the degradation 

kinetics of pharmaceutical drug substances and formulations under various stress conditions, including oxidative, 

thermal, and photolytic environments. Understanding degradation behavior is essential to ensure drug safety, efficacy, 

and shelf-life. The following objectives outline the comprehensive scope of the study. 

 

Development of a Stability-Indicating Analytical Method 

One of the foremost objectives of this study is to develop a reliable, accurate, and reproducible stability-indicating 

analytical method capable of quantifying the drug in the presence of its degradation products. Typically, reverse-phase 

high-performance liquid chromatography (RP-HPLC) will be employed due to its sensitivity, selectivity, and widespread 

acceptance in pharmaceutical analysis. 

 

The method should be able to effectively separate the intact drug from all possible degradation products formed under 

stress conditions. Optimization of chromatographic parameters such as mobile phase composition, flow rate, column 
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selection, pH, and detection wavelength will be performed to achieve optimal resolution and peak symmetry. The method 

must demonstrate specificity toward the analyte even in complex degraded samples. 

 

2. Validation of the Developed Analytical Method 

Another key objective is to validate the developed analytical method according to internationally accepted guidelines 

such as ICH. Validation parameters will include accuracy, precision, specificity, linearity, range, limit of detection 

(LOD), limit of quantification (LOQ), robustness, and system suitability. 

 

The purpose of validation is to ensure that the method is suitable for its intended use, particularly in analyzing degraded 

samples. Accuracy studies will confirm the closeness of measured values to true values, while precision studies will 

assess repeatability and intermediate precision. Robustness testing will evaluate the effect of small, deliberate variations 

in method parameters on analytical performance. 

 

3. Conducting Forced Degradation Studies 

This research aims to subject the selected drug to forced degradation under controlled stress conditions to simulate 

possible degradation pathways. The major stress conditions to be studied include: 

Oxidative degradation using agents such as hydrogen peroxide  

Thermal degradation by exposing the drug to elevated temperatures  

Photolytic degradation through exposure to UV and visible light  

The objective is to generate degradation products intentionally so that the stability-indicating nature of the method can 

be demonstrated. These studies will help identify the inherent stability characteristics of the drug molecule and determine 

its susceptibility to different environmental factors. 

 

4. Identification and Characterization of Degradation Products 

A critical objective is to identify and, if possible, characterize the degradation products formed under different stress 

conditions. This may involve the use of advanced analytical techniques such as LC-MS, FTIR, or UV spectroscopy 

alongside RP-HPLC. 

 

Understanding the chemical nature of degradation products is important for assessing their potential toxicity and impact 

on drug safety. The study will aim to propose possible degradation pathways based on the structure of the drug and the 

nature of the degradation conditions applied. 

 

III. METHODOLOGY 

 

The present study focuses on the development and validation of an analytical method for evaluating the degradation 

kinetics of pharmaceutical drugs under oxidative, thermal, and photolytic stress conditions. The methodology begins with 

the selection of a suitable drug or combination of drugs based on their therapeutic relevance, chemical stability profile, 

and availability of reference standards. Pure drug samples and pharmaceutical dosage forms are procured from certified 

sources, and all reagents and solvents used are of analytical or HPLC grade to ensure accuracy and reproducibility. 

Initially, a comprehensive literature survey is carried out to understand the physicochemical properties, degradation 

pathways, and previously reported analytical methods for the selected drug. This information aids in designing 

appropriate experimental conditions and selecting suitable analytical techniques. 

 

The analytical method is primarily developed using reverse-phase high-performance liquid chromatography (RP-HPLC), 

owing to its sensitivity, specificity, and suitability for stability studies. Chromatographic separation is achieved using a 

C18 column, with a mobile phase consisting of a suitable combination of aqueous buffer and organic solvent such as 

methanol or acetonitrile. The pH of the buffer is optimized based on the pKa of the drug to achieve better peak resolution 

and symmetry. A gradient or isocratic elution mode is selected after several trials to obtain well-resolved peaks within a 

reasonable runtime. Detection is performed using a UV or photodiode array detector at the wavelength of maximum 

absorbance of the drug. System suitability parameters such as retention time, theoretical plates, tailing factor, and 

resolution are evaluated to ensure optimal chromatographic performance. Preparation of standard and sample solutions 

is carried out by accurately weighing the drug and dissolving it in a suitable solvent to obtain a stock solution of known 

concentration. Working standard solutions are prepared by appropriate dilution of the stock solution. Calibration curves 

are constructed by analyzing solutions at different concentration levels, typically covering a range of 50–150% of the 
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expected concentration. The method is validated according to ICH guidelines with respect to parameters such as linearity, 

accuracy, precision, specificity, limit of detection (LOD), limit of quantitation (LOQ), robustness, and ruggedness. 

Accuracy is assessed by recovery studies at multiple concentration levels, while precision is evaluated through 

repeatability and intermediate precision studies. 

 

Forced degradation studies are conducted to evaluate the stability-indicating nature of the developed method and to 

generate degradation products under controlled stress conditions. Oxidative degradation is performed by treating the drug 

with hydrogen peroxide solution, typically at concentrations ranging from 3% to 30%, and incubating the mixture at room 

temperature or elevated temperatures for a specified time. Thermal degradation studies are carried out by exposing the 

drug sample in solid or solution form to elevated temperatures, usually between 60°C and 105°C, in a hot air oven for 

defined time intervals. Photolytic degradation is performed by exposing the drug to UV and visible light as per ICH 

guidelines, ensuring controlled exposure to specified lux hours and UV energy. In each case, samples are withdrawn at 

predetermined time intervals, appropriately diluted, and analyzed using the developed RP-HPLC method. The 

degradation kinetics of the drug under each stress condition are studied by monitoring the decrease in drug concentration 

over time.  

 

IV. BACKGROUND 

 

Analytical method development for studying the degradation kinetics of drugs under oxidative, thermal, and photolytic 

conditions is a critical component of pharmaceutical research and quality assurance, as it ensures the safety, efficacy, and 

stability of drug substances and drug products throughout their shelf life. The concept of drug stability is intrinsically 

linked to the chemical integrity of the active pharmaceutical ingredient (API), which can be compromised under various 

environmental stress conditions. Degradation kinetics refers to the rate at which a drug substance breaks down over time 

when exposed to stress factors such as heat, light, oxygen, and reactive chemicals. Understanding these degradation 

pathways and rates is essential for predicting shelf life, determining appropriate storage conditions, and designing stable 

formulations. Analytical method development plays a central role in this process, as it provides the tools necessary to 

accurately quantify the drug and its degradation products, even in complex matrices. 

 

The development of stability-indicating analytical methods typically involves chromatographic techniques such as high-

performance liquid chromatography (HPLC), reverse-phase HPLC (RP-HPLC), and sometimes hyphenated techniques 

like LC-MS, which allow for the separation, identification, and quantification of the drug and its degradation products. 

These methods must be sensitive, specific, accurate, and precise, and they should be capable of distinguishing the drug 

from its degradation products without interference. The method development process begins with a thorough 

understanding of the physicochemical properties of the drug molecule, including its solubility, pKa, polarity, and 

susceptibility to different degradation pathways. Based on this information, suitable chromatographic conditions such as 

the choice of column, mobile phase composition, flow rate, and detection wavelength are optimized to achieve efficient 

separation and reproducible results. 

 

Forced degradation studies are conducted to deliberately expose the drug to stress conditions that accelerate its 

degradation, thereby providing insight into its stability profile and degradation behavior. Oxidative degradation is 

commonly induced using oxidizing agents such as hydrogen peroxide, which can lead to the formation of oxidation 

products through mechanisms such as electron transfer or free radical reactions. Thermal degradation involves exposing 

the drug to elevated temperatures, which can increase the rate of chemical reactions and result in the breakdown of the 

drug molecule through processes such as hydrolysis, decarboxylation, or rearrangement. Photolytic degradation, on the 

other hand, is caused by exposure to light, particularly ultraviolet (UV) radiation, which can excite the drug molecules 

and initiate photochemical reactions leading to structural changes and degradation. Each of these stress conditions 

provides valuable information about the stability and degradation pathways of the drug. The study of degradation kinetics 

involves monitoring the concentration of the drug over time under controlled stress conditions and analyzing the data to 

determine the rate of degradation and the order of the reaction. Common kinetic models include zero-order, first-order, 

and pseudo-first-order kinetics, depending on how the degradation rate relates to the concentration of the drug. The 

kinetic parameters, such as the rate constant (k), half-life (t1/2), and activation energy (Ea), are calculated using 

mathematical equations and graphical methods. These parameters help in understanding the stability of the drug and 

predicting its behavior under normal storage conditions. For example, a drug that follows first-order kinetics will have a 
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degradation rate proportional to its concentration, and its half-life will remain constant regardless of the initial 

concentration. 

 

V.  LITERATURE REVIEW 

 

Analytical method development for degradation kinetics of drugs under oxidative, thermal, and photolytic conditions has 

become a critical area in pharmaceutical research due to its direct impact on drug safety, efficacy, and regulatory approval. 

Stability studies are essential to understand how drug substances and products behave under various environmental stress 

conditions, and they form the backbone of quality assurance in pharmaceutical development. Forced degradation studies, 

also referred to as stress testing, are widely employed to accelerate the degradation process and generate degradation 

products that may form during storage or handling. These studies not only help in elucidating degradation pathways but 

also assist in the development of robust and stability-indicating analytical methods.  The concept of forced degradation 

involves exposing drug substances to conditions more severe than accelerated stability testing conditions, such as extreme 

pH, temperature, light, and oxidative environments. The primary objective is to identify potential degradation products 

and understand the intrinsic stability of the molecule. Regulatory agencies such as ICH recommend stress testing to 

establish degradation pathways and validate the specificity of analytical methods. These studies play a vital role in 

determining shelf life, storage conditions, and packaging requirements for pharmaceutical products.  

 

Among various stress conditions, oxidative degradation is one of the most significant pathways affecting drug stability. 

Oxidative degradation typically involves electron transfer reactions leading to the formation of reactive intermediates 

such as free radicals, peroxides, and other oxidized species. Common oxidizing agents used in forced degradation studies 

include hydrogen peroxide, metal ions, and radical initiators. Functional groups such as amines, sulfides, and phenolic 

moieties are particularly susceptible to oxidative degradation, resulting in products like N-oxides, sulfoxides, and ketones. 

The extent of oxidation depends on factors such as concentration of oxidizing agent, temperature, and duration of 

exposure. Analytical methods such as RP-HPLC and LC-MS are frequently used to monitor oxidative degradation and 

identify degradation products.  

 

Thermal degradation is another important aspect of stability studies, especially for drugs that are sensitive to temperature 

variations. Thermal degradation involves the breakdown of drug molecules when exposed to elevated temperatures, 

leading to chemical transformations such as hydrolysis, oxidation, or rearrangement reactions. The kinetics of thermal 

degradation are often studied using the Arrhenius equation, which relates the rate of degradation to temperature and 

activation energy. This approach allows researchers to predict the stability of drugs under normal storage conditions 

based on accelerated testing data. Thermal studies are typically conducted at temperatures ranging from 40°C to 80°C, 

and both solid and liquid formulations are evaluated. The data obtained from thermal degradation studies are essential 

for understanding reaction kinetics and designing appropriate formulations.  Photolytic degradation is equally significant, 

particularly for drugs that are sensitive to light exposure. Photostability studies are conducted to assess the effect of 

ultraviolet (UV) and visible light on drug substances and products. Exposure to light can induce chemical reactions such 

as photo-oxidation, isomerization, and bond cleavage. According to regulatory guidelines, drug samples are exposed to 

specific light intensities to simulate real-world conditions. Functional groups such as carbonyls, alkenes, and aromatic 

rings are often involved in photodegradation reactions. Analytical techniques like UV spectroscopy, HPLC, and LC-MS 

are used to detect and quantify photodegradation products. Understanding photolytic degradation pathways is crucial for 

developing light-protective packaging and ensuring drug stability during storage and transportation.  

 

The development of analytical methods for studying degradation kinetics requires careful consideration of several factors, 

including specificity, sensitivity, accuracy, and robustness. Stability-indicating methods are designed to accurately 

measure the active pharmaceutical ingredient (API) in the presence of degradation products, impurities, and excipients. 

Among various analytical techniques, reverse-phase high-performance liquid chromatography (RP-HPLC) is the most 

widely used due to its high resolution, reproducibility, and versatility. It allows the separation and quantification of 

multiple degradation products in a single run, making it an ideal tool for stability studies. 

 

VI. DISCUSSION 

 

Analytical method development for studying the degradation kinetics of drugs under oxidative, thermal, and photolytic 

conditions plays a central role in modern pharmaceutical research, as it ensures drug safety, efficacy, and quality 
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throughout its shelf life. Degradation kinetics provides a scientific basis for understanding how drug substances and 

formulations behave when exposed to various environmental stress conditions, and it also supports regulatory 

submissions by demonstrating the stability profile of pharmaceutical products. In this context, the development of a 

reliable, sensitive, and stability-indicating analytical method—most commonly based on reverse-phase high-performance 

liquid chromatography (RP-HPLC)—is essential for accurately quantifying the active pharmaceutical ingredient (API) 

in the presence of its degradation products. The discussion of degradation kinetics begins with the concept of forced 

degradation studies, which are designed to intentionally subject the drug to extreme conditions such as oxidation, elevated 

temperature, and light exposure in order to accelerate degradation. These studies help in identifying degradation 

pathways, understanding intrinsic stability, and validating the specificity of the analytical method. Oxidative degradation 

is typically induced using oxidizing agents such as hydrogen peroxide, which can attack susceptible functional groups 

like phenols, amines, and sulfides, leading to the formation of degradation products such as N-oxides or sulfoxides. 

Thermal degradation, on the other hand, involves exposing the drug to elevated temperatures, which can increase 

molecular motion and accelerate chemical reactions such as hydrolysis, decarboxylation, or rearrangement. Photolytic 

degradation is initiated by exposure to UV or visible light, which can cause bond cleavage, isomerization, or photo-

oxidation, particularly in compounds with chromophoric groups. 

 

Developing an analytical method to monitor these degradation processes requires careful optimization of several 

chromatographic parameters. The choice of stationary phase, typically a C18 column, plays a critical role in achieving 

adequate separation between the parent drug and its degradation products. The mobile phase composition, often a mixture 

of aqueous buffer and organic solvent such as acetonitrile or methanol, must be optimized to ensure good peak resolution, 

appropriate retention time, and symmetrical peak shape. The pH of the mobile phase is especially important, as it can 

influence the ionization state of the analyte and its interaction with the stationary phase. Detection is usually carried out 

using a UV detector, with the wavelength selected based on the maximum absorbance (λmax) of the drug, although 
advanced techniques such as photodiode array (PDA) or mass spectrometry (LC-MS) may be used for peak purity 

assessment and structural elucidation of degradation products. Once a suitable analytical method is developed, it must be 

validated according to regulatory guidelines such as those outlined in ICH Q2(R1). Key validation parameters include 

specificity, linearity, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), and robustness. 

Specificity is particularly important in stability studies, as the method must be able to distinguish the drug from its 

degradation products and other potential impurities. This is typically demonstrated by analyzing samples subjected to 

different stress conditions and confirming that the drug peak is well-resolved and free from interference. Linearity is 

assessed over a range of concentrations, and the calibration curve should show a high correlation coefficient, indicating 

a direct relationship between concentration and response. Accuracy and precision are evaluated through recovery studies 

and repeatability tests, ensuring that the method produces consistent and reliable results. 

 

The study of degradation kinetics involves monitoring the concentration of the drug over time under specific stress 

conditions and fitting the data to appropriate kinetic models. Most drug degradation processes follow either zero-order, 

first-order, or pseudo-first-order kinetics. In zero-order kinetics, the rate of degradation is constant and independent of 

the drug concentration, whereas in first-order kinetics, the rate is directly proportional to the concentration of the drug. 

The determination of the order of reaction is typically carried out by plotting concentration versus time (for zero-order) 

or the logarithm of concentration versus time (for first-order) and evaluating the linearity of the plots. The rate constant 

(k) can be calculated from the slope of the linear plot, and the half-life (t½) of the drug can be derived using standard 

kinetic equations. These parameters are essential for predicting the shelf life and establishing appropriate storage 

conditions. 

 

VII. CONCLUSION 

 

The study of analytical method development for degradation kinetics of drugs under oxidative, thermal, and photolytic 

conditions plays a crucial role in modern pharmaceutical research, as it directly contributes to ensuring the safety, 

efficacy, and quality of drug products throughout their shelf life. In conclusion, the systematic investigation of drug 

degradation behavior under various stress conditions provides comprehensive insight into the intrinsic stability 

characteristics of pharmaceutical compounds and enables the establishment of reliable, validated, and stability-indicating 

analytical methods. These methods, particularly those based on advanced chromatographic techniques such as reverse-

phase high-performance liquid chromatography (RP-HPLC), ultra-performance liquid chromatography (UPLC), and 

hyphenated techniques like LC-MS/MS, have proven to be indispensable tools for the accurate quantification of active 
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pharmaceutical ingredients (APIs) in the presence of their degradation products. The development of such analytical 

methods involves careful optimization of multiple parameters, including mobile phase composition, pH, flow rate, 

column selection, detection wavelength, and temperature, to achieve adequate resolution, sensitivity, specificity, and 

reproducibility. 

 

Forced degradation studies carried out under oxidative, thermal, and photolytic conditions are essential components of 

stability testing as recommended by regulatory guidelines. Oxidative degradation typically involves the exposure of drug 

substances to oxidizing agents such as hydrogen peroxide, which can lead to the formation of reactive intermediates and 

subsequent breakdown products. Thermal degradation studies involve subjecting the drug to elevated temperatures to 

accelerate chemical reactions that may occur during storage, while photolytic degradation examines the impact of light 

exposure, particularly ultraviolet and visible radiation, on the stability of the drug molecule. These stress conditions help 

simulate real-world environmental factors and provide valuable information regarding the degradation pathways and 

mechanisms of the drug. Understanding these pathways is critical not only for method development but also for 

formulation design, packaging selection, and storage conditions. 

 

The kinetic analysis of drug degradation further enhances the understanding of stability by quantifying the rate at which 

degradation occurs under specific conditions. By applying mathematical models and kinetic equations, such as zero-

order, first-order, and pseudo-first-order kinetics, researchers can determine important parameters including rate 

constants, half-life, and activation energy. These parameters are instrumental in predicting the shelf life of pharmaceutical 

products and in establishing appropriate expiration dates. Moreover, the application of the Arrhenius equation allows for 

the extrapolation of stability data obtained at accelerated conditions to predict long-term stability under normal storage 

conditions. This predictive capability is highly valuable in reducing the time and cost associated with stability testing 

during drug development. A key outcome of analytical method development for degradation kinetics is the establishment 

of stability-indicating methods that can accurately and selectively measure the drug in the presence of its degradation 

products, impurities, and excipients. Method validation, carried out in accordance with internationally recognized 

guidelines such as those provided by the International Council for Harmonisation (ICH), ensures that the developed 

method meets the required criteria for accuracy, precision, specificity, linearity, robustness, and limit of detection and 

quantification. The robustness of the method is particularly important, as it reflects the method’s reliability under small 

but deliberate variations in analytical conditions. A well-validated stability-indicating method is essential for routine 

quality control, regulatory submissions, and post-marketing surveillance of pharmaceutical products. 
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