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1. Introduction 

1.1. Overview of Stability Indicating Methods 

Stability-indicating methods are the methods that can be used to provide necessary proof that the 

drug substance and drug product are stable and have not undergone any change in their quality, 

safety, and efficacy throughout their shelf life in Figure 1. These methodologies are obligatory within 

the context of regulatory bodies to ensure that any changes in the stability of the API and drug 
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product can be quantified over time [1]. Stability studies also help in coming up with expiration 

dates and contributing to storage direction as displayed on the label. 

Stability-indicating assays contribute to many of the vital quality characteristics of the drug product, 

including potency, purity, content uniformity, and dissolution. They can also identify the formation 

of degradation products that are formed over a given time and storage conditions. These impurities 

and metabolites are separated from the API through assays before quantitation is done based on 

the separation techniques [2]. As for the separation, it is usually done with the help of high-

performance liquid chromatography (HPLC) or ultra-performance liquid chromatography (UPLC). 

These can be used alongside several detectors like diode array detectors, mass spectrometry, and 

evaporative light scattering detectors [3]. 

Method validation contributes guarantee and documented proof that a stability-indicating 

procedure is precise, specific, reproducible, and robust across the range of analysis [4]. Validation 

for separation assays involves some parameters that will demonstrate that the method developed 

meets certain criteria referred to as the system suitability test. Other validation parameters also 

considered include specificity, linearity, range, accuracy, precision, the limit of detection, the limit 

of quantitation, and robustness [5]. 

 

Importance in Pharmaceutical Analysis 

According to the stability guidelines provided by ICH, stability-indicating methods are critical for 

the development of a drug product [6]. It confirms that changes noted during stability studies are 

related to degradation rather than a physical or chemical alteration that could be reversed such as 

polymorphism, complementation as well as change of the crystal type. 

Stability-indicating methods inform the safe use of medicine in several key ways: 

 - Identify and measure specific products with high toxicity that may occur at levels of degradation 

[7]. The safety of these impurities is determined in preclinical toxicology studies before being used 

in clinical trials. 

- This distinction is important for the assessment of the stability of drug products as it allows the 

differentiation between loss of API and formation of degradation products [8]. Sub-potent medicines 

may be ineffective or less effective than what is required to produce the anticipated therapeutic 

effect. 

- Ensure appropriate storage and labeling directions and shelf life through the clarification of the 

chemical properties of the substance and product [9]. This is because some of the drugs lack the 

required shelf lives and thus become ineffective. 

- Assist in formulation to ensure that it has the right properties that will delay degradation and help 

in packaging to curb degradation [10]. In some cases, the excipients and containers used can cause 

instability. 

Because of such significant quality effects, stability-indicating methods help pharmaceutical 

scientists ensure the quality of the manufactured drugs and products to remain safe and effective 

until the expiry date. For that reason, these analytical techniques are very important in the 

development of drugs and in ensuring the quality of the final product. 
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Figure 1. Stability-indicating methods in pharmaceutical analysis 

 

2. Analytical Techniques 

2.1. Chromatographic Methods 

Analytical Techniques 

HPLC, GC, and TLC are a few of the well-known chromatographic techniques that can be employed 

for the systematic development and validation of stability-indicating methodologies for drug 

analysis in Figure 2. These techniques can effectively isolate the drug from other decomposed 

products and other additional substances that may be present in the formulation, thus enabling 

accurate measurement of the pure drug compound. 

 

High-Performance Liquid Chromatography (HPLC) 

Among all the techniques, HPLC is even more preferred for stability-indicating analysis, as it offers 

features such as high sensitivity, accuracy, and reproducibility. RP-HPLC with C18 columns is widely 

employed to separate the drug from its degradants and quantitate the assay of the intact drug [11]. 

The mobile phase composition, pH, column temperature, and detection wavelength are the 

important parameters for formulating stability indicating the HPLC method with the desired 

separation in minimal time [12]. Stress tests may involve exposing drug samples to some conditions 

such as hydrolysis, oxidation, photolysis, and thermal degradation, then comparing the 

chromatograms to that of unstressed samples to assess for peak similarity. Gradient elution 

methods have been shown in many cases to offer greater separation efficiency as compared to the 

isocratic elution methods [13]. 

 

Gas Chromatography (GC) 

GC is also used as an analytical technique for the separation and quantification of thermally sensitive 

pharmaceuticals using a packed or a capillary column with a flame ionization detector [14].GC offers 

high resolution and sensitivity that qualifies it for volatile as well as semi-volatile drug compounds 

and their degradation products in the stability testing [15]. Selectivity of the stationary phase polarity 
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plays a significant role and the temperature of the column oven is pertinent as well. GC-Mass 

Spectrometry offers even more sensitivity and confirmation of the drug and its degradation peaks 

concerning mass spectra information [16]. 

 

Thin-Layer Chromatography (TLC) 

In some circumstances, TLC can be a quick, easy, and cheap method of stability, even though the 

reagents are not used very often. Both normal and reversed-phase TLC systems are used employing 

a range of mobile phases and detection by UV lamps, iodine vapors, or spray reagents. Densitometric 

analysis is performed on the separated drug and degradation product spots to quantify the 

separation process. Nevertheless, its sensitivity is lower than that of HPLC & GC and thus is not very 

useful in specific cases where one needs to detect compounds in very small concentrations. 

Altogether the chromatographic methods are highly instrumental in the validation of stability 

indicating analytical methods due to the effectiveness in separating, identifying, and measuring the 

percentage recovery of the intact drug apart from its degradants formed during the forced 

degradation studies. HPLC and GC are regarded as central techniques within this area given their 

capacity for sensitivity, accuracy, and versatility concerning a vast number of drugs. Selectivity, 

sensitivity, resolution, and robustness of the developed methods are highly dependent on the proper 

selection and adjustments of the chromatographic parameters. 

 

 
Figure 2. Chromatographic Methods for Drug Analysis 

 

2.2. Spectroscopic Methods 

Ultraviolet-visible (UV-Vis) Spectroscopy 

Ultraviolet-visible (UV-Vis) spectroscopy is one of the most used analytical methods in 

pharmaceutical analysis for several reasons including ease of use, sensitivity, and cost-effectiveness 

[17]. It is a technique based on determining the extent of light uptake by a chemical substance in 

the ultraviolet and visible ranges of the electromagnetic spectrum in Figure 3. Thus, UV-Vis 

spectroscopy as an analytical tool in stability-indicating assays is useful in identifying degradants, 

determining the concentration of the drug substance, and elucidating degradation profiles [1]. 

Forced degradation studies involve alteration in the absorption spectra which can change and show 

that the drug is unstable like the formation of new peaks or shoulders for new degradation products. 

For instance, Rajesh et al. (2014) designed a UV- Vis spectroscopic method to estimate the effect of 

amlodipine Besylate in tablets [18]. In the stressed samples, other peaks were also seen as necessary 

for the instability of amlodipine and the formation of other degradants not seen in the non-degraded 

amlodipine spectra. 

Wu reported an HPLC method for the analysis of iohexol and its degradation products during stability 

testing under peroxide oxidation and acid/base hydrolysis [19]. In the absorption spectra, the shift 

was observed to the blue region on oxidation, which proves the structural alteration in iohexol. The 
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method was successful in achieving the goal of analyzing the spectra of the degradation products 

from iohexol so that they could be quantified. 

Infrared (IR) Spectroscopy 

Infrared (IR) spectroscopy is based on the interaction of IR radiation with chemical bonds providing 

a unique sample’s molecular fingerprint [20]. Different functional groups in the organic molecules 

have corresponding IR absorption bands to facilitate the identification of chemical structures. The 

transformation is usually observed in the presence of changes in the IR peaks, which are an 

indication of structural changes in the drug molecules as a result of degradation. 

Researchers such as Blessy et al have come up with a rapid IR method for screening stressed samples 

of cefuroxime axetil to indicate stability [21]. From the non-degraded sample IR spectra, primary 

amine CN stretch appeared at 1234 cm−1, which was absent in the acid hydrolysis sample, 

suggesting that chemical bonds in the polymer had been broken, and the material was unstable. 

An application of the IR method for accelerated stability testing of gatifloxacin tablets was described 

by Singh et al where the stressed sample exhibited new peaks or shifted peaks indicative of the 

formation of degradation products [14]. The carbonyl C=O stretch reducing from 1614 cm-1 in 

standard to 1635 cm-1 in acidic medium points towards the hydrolysis of gatifloxacin. Overall, the 

use of the IR method proved useful in identifying changes like gatifloxacin under stress conditions. 

 

Mass Spectrometry (MS) 

MS can identify drug degradation products by determining molecular weight and offering structural 

information [2]. It is applied in stability-indicating assays where it involves comparison of spectra 

from stressed and non-stressed samples to identify degradation products. 

Görög et al. were the first to establish an MS method for the forced degradation studies of 

dapagliflozin [14]. The molecular ion peak at m/z 409 amu has been observed in the non-degraded 

sample's mass spectra, which corresponds to dapagliflozin when protonated. Exposure to oxidative 

stress also led to the formation of new ions at m/z 425 and 441 amu suggesting the formation of 

hydroxylated metabolites. Photolytic degradation resulted in ions at m/z 310 and 249 amu which 

are likely to be generated after cleavage of dapagliflozin molecule. 

Hadad et al. have characterized the forced degradation products of sofosbuvir by applying high-

resolution MS[22]. The exact mass determination helped in ascertaining the molecular formula of 

degradation products which indicated that the degradation occurred through mono-oxidation and 

photodecarboxylation during peroxide and photolysis-mediated degradation respectively. 

Therefore mass spectrometry helps give structural information of the degradation products required 

for degradation pathway studies and as a confirmation of the stability indicating the capability of 

the analytical methods. 
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Figure 3. Spectroscopic methods used in pharmaceutical analysis 

2.3. Other Analytical Techniques 

Capillary Electrophoresis (CE) 

CE is a separation approach that relies on the movement of charged species driven by an electric 

field. It can work with samples of the volume in the range of nanoliters and possesses high 

separation capabilities [23]. CE methods for separation, identification, and determination of different 

ionic/ionic species of pharmaceuticals have been developed in Figure 4. In stability testing, some 

benefits of CE are as follows: The separation effector and quicker, the consumption of sample and 

reagents is less, the cost is lower, and in one analytical method, the different modes can be applied 

such as CZE, MEKC, CGE, CIEF, and CITP. 

The current potential of CE for the assay of various unstable drug products has also been shown. 

Application of the MEKC technique has been made in the separation of methylparaben, 

propylparaben, and their degradants. There was a use of HCl, NaOH, and H2O2 to carry out 

degradation [24]. Likewise, various CE methods have been reported for the separation of 

doxorubicin and its degradation products. 

CE methods in stability testing provide the opportunity for an online connection with other detectors 

such as diode array detectors (DAD), mass spectrometry (MS), tandem mass spectrometry (MS/MS) 

and conductivity detectors when necessary. This enables a unique identification of peaks that are of 

interest in any given chromatogram. The separation of omeprazole, its impurities, omeprazole 

sulfide, sulfone, and desmethyl derivatives has been described by using the MEKC method with DAD 

detection [25]. In the recent past, a CZE method was reported for the separation of azithromycin 

and its related substances using positive polarity ESI-MS and MS/MS [26]. 

 

Nuclear Magnetic Resonance (NMR) Spectroscopy 

NMR spectroscopy is the study of the properties of nuclei when they are placed in a magnetic field 

and exposed to radiofrequency electromagnetic radiation. Nuclei that can be studied by NMR are 

only those nuclei that have non-zero spin numbers which include 1H and 13C. It yields information 

about the molecular makeup and freedom from impurities of the sample [27]. It is also non-selective 

and non-destructive which implies that one does not need to spend a lot of time preparing the 

samples. It can be used to quantify both the API and degradation products and is therefore suitable 

for forced degradation studies of pharmaceuticals [28]. 

Quantitative analyses of paracetamol and p-aminophenol in stability testing without the separation 

process have been accomplished using 1H NMR with the help of peak areas. This assay was therefore 

proven to be stable indicated by exposing paracetamol tablets to different stress conditions as listed 
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below[29]. During the stability studies on tablets containing the anti-inflammatory drug tenoxicam, 

the compound is present as the intact drug in the 1H NMR spectrum [30]. As with the present work, 

previous studies have also illustrated intact analysis of pharmaceutical dosage forms; for instance, 

tianeptine tablets are exposed to pH, oxidation, and high temperature. 

For further characterization in the context of forced degradation studies, techniques such as 2D 

NMR can be employed. 2D NMR offers information on the proton-carbon relationship of drug 

molecules; therefore, it can identify slight deviations in chemical structure due to degradation [31]. 

LC-NMR integrates HPLC for impurity separation with NMR for impurity identification at early drug 

formulation stages [32]. 

 

 
Figure 4. Analytical techniques 

 

3. Stability Studies 

3.1. Forced Degradation Studies for Stability Indicating Methods 

Forced degradation studies are thus an inevitable part of the stability-indicating methods, which are 

used to establish the inherent stability of the ‘active’ and other ingredients of the pharmaceutical 

formulations in Figure 5. These studies give information on the potential pathways of degradative 

reactions and other degradative intermediates that may occur in storage or formulation. The ICH 

guidelines specify that the stressed conditions used are those typically employed [33]. Most of the 

time used for forced degradation studies are hydrochloric/NaOH, hydrogen peroxide, UV light, and 

temperature/humidity. The use of the right conditions for the selection and assessment of results 

allows one to optimize the method to distinguish and identify potential degradation products, which 

may at the same time act as stability indicators. 
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Acid and Base Hydrolysis 

Acid and base hydrolysis involves pH conditions that are not safe for taking orally, they involve 0.1M 

HCl for the acid hydrolysis and 0.1M NaOH for base hydrolysis. It also means that the extreme pH 

can exert significant stress on any compounds present in the sample, which may undergo hydrolytic 

decomposition or other reactions quite readily. For instance, RE et al. analyzed the effect of 

raloxifene hydrochloride tablets subjected to acid and base conditions at room temperature and 

noticed new degradation peaks originating from an unknown acid-based impurity and raloxifene 

base [34]. The optimized method could be used for the separation and quantification of these 

hydrolytic degradation products for stability tests. In a similar study conducted on tamsulosin 

hydrochloride tablets, other hydrolytic impurity peaks were also observed under the acid stress test. 

They helped in setting tablet stability profiles and degradation pathways by using the data. 

 

Oxidative Stress 

Oxidative conditions use oxidizing agents, preferably hydrogen peroxide, to determine the extent 

of oxidation of the drug. They establish whether oxidative degradation does take place and reveal 

possible degradation products for method development. According to the study conducted by Desai 

et al., cinitapride tablets were exposed to acid, thermal and oxidative tests that led to a lot of 

degradation. The latter led to the overall degradation most significantly, suggesting that oxidation 

could be a major pathway for degradation. The chromatograms generated from the samples were 

characterized by multiple new peaks that represented degradation products that were subsequently 

used for selectivity studies during the analytical method development and validation process. 

 

Photolytic Degradation 

The drug substances and products may be exposed to light, and this has the potential of bringing 

about cleavage of chemical bonds or isomerization among other changes in the molecular structure. 

According to guidelines on photostability testing developed in ICH Q1B, cool white fluorescent light 

should be in the range of 1,200, 000 lux hours and near-ultraviolet irradiation 200 WH/m2 [33,35]. 

In a photolytic study conducted on nicorandil tablets, it was noted that the drug substance degraded 

significantly under UV light penetration well below the ICH limit [2]. This goes to corroborate the 

notion that the photostability of drugs is a phenomenon that should not go unnoticed even though 

some compounds may not be deemed to have light sensitivity issues. Any peaks that appear 

corresponding to the photodegradation products can then be adjusted to improve the selectivity of 

the chosen method. 

 

Thermal Degradation 

Exposing a drug product to testing conditions that include heat, usually 40°C/75%RH for 

pharmaceutical products, is used to check that degradation does not take place during normal 

production, processing, storage, and distribution [33]. However, the use of elevated temperatures 

may be necessary during forced degradation studies to rapidly identify the thermal stability of the 

drug substance. In a study by RE et al., it was evident that an unidentified degradant emerged during 

the thermal degradation study of raloxifene tablets [34]. The analytical method was modified to 

accommodate determinations of the impurity as part of quality checking during heat processing 

steps or under storage temperatures over 30°C. 

In general, subjecting the drug substance or the drug product under more than one forced 

degradation condition is important in gathering information about the possible degradation 
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pathways. Other hydrolytic, oxidative, photolytic, or thermal degradation products that may be 

identified can act as system suitability markers as the extent of the ability to separate and the overall 

efficiency of the analytical procedure [1]. The susceptibility insights enable setting degradation 

patterns for inherent stability, quality of the formulation, and validity of expiration date [36,37]. 

Therefore, forced degradation studies remain an important part of the SI-AMM method development 

and validation process for both, pharmaceutical active ingredients and individual products as well 

as across entire product portfolios. 

 

 
Figure 5. Forced Degradation Studies for Stability Indicating Methods 

 

4. Application to Different Dosage Forms 

Tablets and Capsules 

The identification of the stability-indicating methods is important in determining the stability of the 

drug substances and products, especially in the solid oral dosage form commonly in tablet and 

capsule preparations in Table 1. Firstly, HPLC is more sensitive compared to other techniques and 

has a high degree of accuracy in determining the presence of chemical degradation in tablets and 

capsules [1,2]. For example, Motwani et al. validated and established a stability-indicating HPLC 

method to estimate moxifloxacin tablet samples subjected to forced degradation conditions such 

as acid, base, oxidation, heat, and photodegradation [38]. The calibration of the method was done, 

hence, the linearity, accuracy, specificity, and system suitability made the method a good stability-

indicating assay. HPLC was also employed by Sinha et al in their study to identify stressed capsule 

samples of duloxetine to separate its degradation products efficiently [39]. The forced degradation 

studies pointed towards the fact that the method was selective and stability-indicating in nature. 

 

Injectable Solutions 

Since injectable solutions are different from formulated products, sterility issues, and particles are 

critical factors that require specific stability analysis. High-performance liquid chromatographic 

techniques are again relevant, which is illustrated by the study by Elias & Alfeen where a new method 

called a stability-indicating HPLC method was developed to determine the effect of hydrolytic, 

oxidative, photolytic, and thermal stress conditions on cefuroxime injection [40]. As noted above, 

forced degradation studies proved that cefuroxime could be separated from its degradation 

products. HPTLC is also used here, the chamber is a saturated chamber with a lid, which is used 

after layer development. Agrawal et al. reported an HPTLC method of stressed solutions of linezolid 

for injections where they established peak purity and resolved linezolid from its degradation 

products [41]. Since injectable drugs have specific rules and guidelines about leachables and 
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extractables from containers and closures, the gas chromatography headspace analysis has been 

used as a stability-indicating technique that applies to injectables only [42]. 

 

Topical Formulations 

Semisolid dosage forms such as gels and creams are topical forms where there is increasing demand 

for stained stability analysis employing chromatographic and spectroscopic techniques to identify 

alterations in the application of mechanical stress, light, heat, or oxidation. For instance, in the 

HPTLC analysis done by Zanwar et al. on stressed samples of miconazole nitrate cream, the quantity 

of miconazole nitrate was separated from that of its degradation products under various conditions 

[43]. HPLC approaches also proved useful – and stable indicating HPLC methods have been also 

developed and validated for the determination of ointment at quantitative levels containing drugs 

such as fusidic acid. Spectroscopy on the other hand offers supplementary stability indicating 

capacity for the topical dosage forms; techniques such as the Fourier Transform Infra-Red (FT-IR) 

spectroscopy reveal the development of the degradation products in the stressed samples by the 

appearance or disappearance of certain bands. 

 

Inhalers and Nebulizers 

Stability analysis is important for inhalers and nebulizer-related products within their shelf life to 

guarantee the delivery of the APIs to the lungs [44]. The stability of APIs under temperature and 

humidity stress is also evaluated – thus, Allababidi et al established and optimized an HPLC stability 

indicating method for the determination of salbutamol sulfate in pMDIs subjected to thermal, 

alkaline, oxidative, and photodegradation stress [45]. In DPIs based on powder collected from an 

adapter, using HPLC and HPTLC, variations in the drug and carrier particles due to humidity and 

temperature have been identified [46,47]. Comparable stability-indicating assays have been 

developed for nebulizer solutions using liquid chromatographic techniques along with methods like 

mass spectrum [48]. 

Thus, HPLC, GC, HPTLC, and spectroscopy methods allow for a wide range of assessment of chemical 

and physical degradation processes of the pharmaceutical in different dosage forms after exposing 

them to the stress condition over time[49]. Through the use of these stability-indicating methods, 

versatility, sensitivity, and reliability of the tests are assured with no compromise to the quality of a 

pharmaceutical product throughout the shelf life. 

 

5. Challenges and Limitations 

Failure to obtain a clear resolution between the peak of interest and those coming from degradation 

products, impurities, or excipients is one of the most frequently encountered problems during the 

development of a stability-indicating method [50,1]. This results in over- or underestimations of 

the quantitation of the intact drug when elution peaks are touched by each other in Table 1. Some 

options can be employed to correct this including changing the stationary phase to enhance the 

selectivity and modifying the composition of the mobile phase to augment the selectivity or 

efficiency using smaller particles or longer columns [51]. 

 

5.1. Low sensitivity 

Sensitivity can be defined as the ability of a detector to register a change in response proportional 

to the change in the concentration of the analyte. Low sensitivity hampers the quantitation of the 

trace degradation products thus making it easy to determine the overall amount of degradation. 

Some of the ways used to improve sensitivity include sample enrichment /concentration, injection 
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of higher volumes, reducing the detector wavelength to increase response [52], and improvements 

in instrumentation via gains in efficiency from smaller particle sizes in chromatography [6]. 

 

5.2. Poor chromatographic efficiency 

Through efficiency, a column can deliver the capacity to produce thin peaks. Low-efficiency bands 

can produce undesirable effects and are unable to resolve closely eluting compounds such as 

impurities/degradants from the main peak [52]. This means that solutions include increasing or 

reducing the size of particles, altering the dimensions of the column, modifying the temperature, 

and changing the nature of the mobile phase or the flow rate [53]. 

 

5.3. Long analysis times 

Although it is desirable for all the degradation products to be separated from the intact drug, long 

run times higher than 60 minutes decrease the sample throughput in the QC labs [54]. When shorter 

columns with smaller particles are used, or when the column temperature is high and/or the gradient 

steep, it is possible to complete the analysis in less time while still obtaining sufficient resolution of 

the peaks [55]. 

 

Solutions and Recommendations 

1. Stress testing experiments 

Stress testing is useful for acquiring more information concerning the expected degradation 

products, which is particularly instrumental in establishing suitable analytical separation conditions 

[1]. Stressors such as acid/base, oxidative, thermal, photolytic etc should be used with different 

levels of stress e.g. different pH and the samples should be analyzed at various time intervals or 

time points [56]. 

 

2. The principles of QbD in the development of the method 

The approach used to apply QbD principles is to develop quality processes systematically to come 

up with new methods for stability-indicating assays. This entailed the provision of specifications of 

method performance criteria at the onset of the procedure concerning an intended use [57,58]. 

Peaks are ranked and the one that is most important for solving a critical problem is prioritized for 

resolution. DOE can portray changes in critical method parameters on defined responses by focusing 

on the best condition within a short period. 

 

3. Use orthogonal separation mechanisms 

There are instances where two or more components are so similar in chemical nature, size, charge, 

and polarity that they cannot be separated adequately by a single technique. 2D-LC employs two 

columns with contrasting selectivities and operations; the peak that has eluted on one column can 

be separated on the other [59]. LC also might be used in combination with CE, SFC, etc. 

 

4. Employ mass spectrometric detection 

LC-MS adds another level of selectivity and compound identification through the mass spectra data 

[60] which can come in handy in the analysis of degradants and impurities where chromatography 

by itself is insufficient. 

In conclusion, challenges that are most likely to occur when developing stability-indicating methods 

include poor resolution, sensitivity, efficiency and long run times. In this context, stress testing, 

QbD and orthogonal approach can help develop fit-for-purpose methods. As technology in 
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analytical chromatography advances over time with enhanced resolution, speed and sensitivity, the 

determination of drugs will be possible in complex matrices with many potential interferences. 

 

Table 1. Challenges, Limitations, and Solutions in Stability-Indicating Methods 

Category Challenge/Limitations Description Impact Solutions/Recommendations 

Resolution 

Issues 

Poor Resolution Failure to clearly separate 

peaks of interest from 

degradation products, 

impurities, or excipients. 

Over/underestimation of 

intact drug quantitation 

- Change stationary phase 

- Modify mobile phase 

composition 

- Use smaller particles or longer 

columns 

Sensitivity 

Issues 

Low Sensitivity Difficulty in quantifying 

trace degradation products 

due to low detector response 

to changes in analyte 

concentration. 

Inaccurate quantitation 

of trace degradation 

products 

- Sample 

enrichment/concentration 

- Higher volume injections 

- Reduce detector wavelength 

- Improve instrumentation (e.g., 

smaller particle sizes) 

Efficiency 

Issues 

Poor Efficiency Inability of a column to 

produce thin peaks, leading 

to unresolved closely eluting 

compounds. 

Poor resolution of 

impurities/degradants 

- Adjust particle size 

- Alter column dimensions 

- Modify temperature 

- Change mobile phase or flow 

rate 

Time-Related 

Issues 

Long Analysis Times Extended run times (over 60 

minutes) reduce sample 

throughput in QC labs. 

Decreased sample 

throughput 

- Use shorter columns with 

smaller particles 

- Increase column temperature 

- Steep gradient 

Method 

Development 

Stress Testing Conducting stress testing to 

identify expected 

degradation products and 

establish analytical 

separation conditions. 

Better understanding of 

degradation pathways 

- Apply different stressors 

(acid/base, oxidative, thermal, 

photolytic) 

- Vary levels of stress and 

analyze samples at different 

time intervals 

Quality by 

Design (QbD) 

QbD Principles Applying Quality by Design 

(QbD) principles to 

systematically develop new 

methods for stability-

indicating assays. 

Robust and reliable 

methods 

- Define method performance 

criteria 

- Prioritize critical peaks for 

resolution 

- Use Design of Experiments 

(DOE) to optimize conditions 

Separation 

Techniques 

Orthogonal 

Mechanisms 

Difficulty in separating 

components with similar 

chemical nature, size, 

charge, and polarity using a 

single technique. 

Improved separation of 

complex mixtures 

- Use 2D-LC with contrasting 

columns 

- Combine LC with CE, SFC, etc. 

Detection 

Techniques 

Mass Spectrometric 

Detection 

Insufficient selectivity and 

compound identification 

using chromatography 

alone. 

Enhanced selectivity and 

identification of 

compounds 

- Combine LC with mass 

spectrometry (LC-MS) for 

enhanced selectivity and 

identification 

 

Conclusion 

Stability-indicating methods can be said to play an extremely significant role in pharmaceutical 

analysis and characterization concerning the quality, safety and efficacy of drug products over the 

shelf-life period. As mentioned above, these methods help to detect and quantify all possible 

degradation products and hence provide assurance of stability. International regulatory bodies 

emphasize the development and validation of such methods by these guidelines. Different types of 

analytical methods can be categorized under stability-indicating methods, out of which HPLC, GC, 

UV-Vis, and IR spectroscopy are the most common techniques. Method development includes the 

choice of the most suitable procedure, enduring forced degradation studies to determine all the 

possible degradation products, method optimization as well as method validation according to the 

ICH guidelines. Applications include various solid dosage forms and non-solid dosage forms such 
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as tablets, injectables, and inhalers. It shows examples of application to specific drugs in case 

histories. Although certain general difficulties persist regarding the identification of suitable 

methods, modern trends in green analytical chemistry, automation, and innovative approaches 

enable stability analysis to be more efficient and precise. In conclusion, the knowledge of stability 

indicating method basics, ideas of the legislation requirements, and how it is used in various drugs 

is critical in the pharmaceutical industry regarding guaranteeing that only high-quality products are 

provided to the patient through the product’s shelf-life. Consequently, this field shall enhance the 

stability analysis and regulation hence further research in this area is advised. 
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