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Abstract: Forced degradation studies shows the chemical behaviour of the molecule which in turn helps in the development of formulation and 
package. In addition, the regulatory guidance is very general and does not explain about the performance of forced degradation studies. In 
pharmaceutical industry, mandatory degradation tests are important to determine the mechanisms and measure the potential degradants during 
the analysis of drug material and to help to elucidate the composition of degradation materials. The Liquid Chromatography/ Mass Spectrum 
analysis (L.C.M.S) is a short term widely established liquid chromatography and a methodology utilizing a natural fluid process. L.C.M.S. is 
commonly employed in the laboratories for qualitative testing of drug substances, drugs and biological samples. Degradation studies, metabolic 
screening, metabolite identity and in vivo drug screening, impurity identification, amide mapping, glycoprotein mapping were consistently used in 
pharmaceutical development by LCMS. The FDA and ICH guidelines sets out the requirement for stability testing data to understand how the 
quality of the drug substance and drug product changes over time under the influence of various environmental factors. Knowledge of molecular 
stability helps to select the correct formulation and package as well as to provide proper storage conditions and shelf life, which is essential for 
regulatory documentation. Active pharmaceutical ingredients (APIs) may form impurities when exposed to excipients or environmental variables 
such as light, high temperatures, acidic or basic conditions, humidity; and the oxidative atmosphere. Considering that these impurities may have 
an impact on safety and efficacy, it is necessary to know how these impurities are produced from the drug product and to establish the path of 
their formation. In this context, forced drug degradation studies have been used to characterize the physicochemical stability of APIs. These 
studies are also essential in the validation of analytical methodologies, in order to demonstrate the selectivity of methodologies. The API and its 
impurities and to develop strategies to avoid the formation of degradation products. The objective of this review is to demonstrate how forced 
degradation studies have been conducted and application of LCMS tools in related studies.  
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1. INTRODUCTION 
 
1.1 LC-MS / MS APPLICATION IN DRUG BASED 

IMPURITIES PROFILING  

 
Most analytical techniques have a lack of sensitivity and are 
not capable to deduce the structure of the unknown 
impurities. LC-MS, therefore, is considered to be an essential 
and versatile tool for the structural elucidation of the 
impurity. It's handy and efficient because it's fast and an 
efficient separation process. Structures of unknown 
impurities characterization can be obtained on the basis of 
mass separations from the drug in the form of ions; 
molecular formulas may be determined from specific 
measurements of mass. As the instrument is highly sensitivity, 
it can detect impurities in trace levels up to femtogram level 
of bulk samples. Structural clarification with LC-MS, can help 
in the determination of the cause of the route Impurities, and 
thus helps to control the level of impurity in the drug 
substance or a drug product. Process-related impurities are 
potential impurities that emerge during the API 
manufacturing process which includes the starting material, 
intermediate material, and by-products, which may be 
organic or inorganic in nature1-10. 
 
1.2 IMPORTANCE OF LC-M.S / MS FOR THE 

ANALYSIS OF FORCED DEGRADATION STUDIES  

 
Degradation studies are important for the determination of 
Inference of the route of degradation and stability of 
Pharmaceuticals under different stress conditions. 
Characterization of the degradants produced is usually 
performed in accordance with the ICH guidelines. Different, 
analytical equipment is used to determine the study of 
stability. Liquid ultraviolet chromatography (HPLC-UV) and 
HPLC-Photodiode array detector (PDA) is two common 
equipment to study stability indicating development and 
validation of the method (SIM) purpose. While, LC coupled 
to mass spectrometry (LC-MS) become an authentic 
technique for characterization of degrading products (DP). 
LC-MS has already won huge importance due to its high 
sensitivity to drug products (DP) and selectivity and, in 
addition, details are also provides Structural information for 
the different DP 25-30. Degradation is the inability of a 
particular drug substance in a specific container to remain 
within a particular chemical, microbiological, therapeutically, 
physical, and toxicological specifications. The development of 
the degradation pathway can provide information on possible 
impurities that may arise in the drug substance. Forced 
degradation is performed to produce representative samples 
to develop methods for indicating stability for drug 
substances and drug products. Choosing stress conditions 
should be consistent with the decomposition of the product 
under normal conditions of manufacture, storage, and use 
which are specified in each case. A minimum list of stress 
factors suggested for forced degradation studies should 
include hydrolysis of the acid and base, thermal degradation, 
photolysis, oxidation. There is no specification regarding the 
conditions of pH, temperature and specific oxidizing agents 
to be used in regulatory guidelines 20-25. Forced degradation 
studies are very necessary for the development of new drugs 
and new pharmaceuticals. Phase III of the Regulatory 
Proposal procedure is a prominent time for these studies, 
according to the FDA guidelines. Force degradation studies in 
various pH solutions, the presence of oxygen and light, and 
high humidity and temperatures should be carried out to 

establish the stability of drug substances. Forced studies of 
degradation are carried out in one batch. The stability studies 
include two types of long term (12 months) and accelerated 
(6 months) stability studies. But intermediate (6 month) 
studies can be conducted in less conditions than accelerated 
studies. 
 
1.3 CHARACTERISATION OF DEGRADANTS BY LC-MS 

 
Earlier reports have shown that multiple analytical techniques 
are available to isolate, identify, and characterize the 
impurities that are produced in the degradation studies even 
at a very low concentration. The degradants isolated in the 
study were identified and characterized by hyphenated 
methods such as LC–MS. More importantly, the structural 
characterization of the degradants/impurities become 
necessary as they play a vital role in the determination of 
shelf-life stability. Detection of impurities can be done by thin 
layer chromatography (TLC), electrophoresis, colorimetric, 
and gel filtration techniques, while separation and isolation of 
degradants in pure form can be done using reversed-phase 
HPLC, TLC, gas chromatography, and supercritical fluid 
chromatography. Notably, the determination of degradants 
pathways is carried out using LC-MS/MS technique. The 
degradative pathways can be determined based on 
fragmentation patterns that are observed. After 
determination of degradant pathways, structure elucidations 
of degradants are done by synthesizing or isolating methods 
and further characterized by employing LC-MS, LC-UV, and 
LC-NMR techniques20-35. 
 
1.4 OUTCOMES OF FORCED DEGRADATION  

 
The following information is given in forced degradation studi
es. 2,3,10 

 

a. Determining possible degradants,  
b. Pathways of degradation determination,  
c. Determination of endogenous drug molecule stability,  
d. Validated stability determination suggesting analytical m

ethods.  
 

1.5 FORCED DEGRADATION STUDIES REGULATORY 

GUIDANCE BY LC-MS / MS  

 
Different International agencies have been recommended to 
I.C.H Guidelines for forced degradation trials often refer only 
to new product and do not cover the portion during clinical 
development. The criteria for forced degradation applicable 
to I.C.H are1,6,10: 
 

a.  I.C.H Q1A: Safety Checking for New Drugs and Comp
ounds,  

b.  I.C.H Q1B: New drug substances and products photos
tability evaluation,  

c.  I.C.H Q2B: Analytical Process Validation: Methodology 
 

1. I.C.H. Q1A:  Suggests criteria for performing forced 
degradation studies of drug and drug. The 
recommendations are to inspect temperature results 
(especially for accelerated testing, i.e. > 50 ° C, 
humidity, oxidation and photolysis (75% relative 
humidity).  
 

2. I.C.H Q1B: The photo stability of these methods are 
estimated Nature of drug molecules normally evolving 
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stage. These Guidelines provide insight to evaluate the 
photo stability of the molecules underneath study for 
studies on Stability. Forced degradation studies find 
application for detection of photolytic degradants in 
confirmatory studies. 

 
3. I.C.H Q2B: The guidelines of ICH Q2B give 

information on Protocols to be followed when 
validating the other analytical protocols. Part II of ICH 
Q2B, Section 1.2.2 explains sample usage for studies 
were forced to degradation. It underlines the samples 
should undergo stress under different conditions 
accelerating humidity and heat conditions, and used 
further to determine its specificity. In furthermore, 
these guidelines are useful for quantitative purposes 
for determination of the produced degradants. 

 
1.6 GOALS FOR FORCED DEGRADATION5,14-19 

 
a. To develop drug substances and drug product     

 degradation pathways.  

b.    To identify drug molecules' chemical characteristics.  

c.    To determine the intrinsic stability of a drug substance.  

d.    To detect drug substance and drug product    
       degradation   mechanisms.  
e.    To differentiate between degradation products related   
       to drug products and products generated in  
       formulation by non-drug products.  

f.     To make formulations more stable. 

 
 

Fig 1: Approaches to Forced Degradation 
 

1.7 CONDUCTING FORCED DEGRADATION 

STUDIES 11-19 
 
Forced degradation studies achieves improvements in the 
production process and provide proper choice for selecting 
of stability indicating analytical procedures (Figure-I). 
According to the FDA, forced degradation studies have been 
carried out during:  
 
1.7.1 IN THE PRE-IND PERIOD 
 

a. During formulation studies: Stability determination of 
quality features and degradation paths is carried out.  
b. For preclinical studies: Degradants are determined and 
toxic components are identified.  

1.7.2 DURING CLINICAL PROGRESS 

 
a. Preclinical comparison with clinical quality  
b. Comparison of changes before to after production  
c. Stabilization in use  
 
1.7.3 POST-MARKETING 

 
Studies are usually not conducted but are considered for the 
following points  
 
a. New stresses identified  

b. Changes to production 

 

 
Fig 2: Forced Degradation Data Submitted 

 
1.8 DIFFERENT  CONDITIONS  OF FORCED 

DEGRADATION 10-15 

 
Degradation is regarded as one of the principal sources for 
impurities. Beneath various stress conditions, that is, 
moisture, heat, pH, insulation, storage, and transport 

processes, drug molecules, due to chemical instability 
undergo degradation. Forced degradation can occur through 
different types of pathways including hydrolysis, heat, 
oxidation and Photolytic. It's also seen from various studies 
that it is possible, under different stress conditions produce 
all possible degrading agents (Table-I and Fig-1). 
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Table: 1: Parameters of Forced degradation 

Stress condition Strength of stress Temperature Duration 
Acid Hydrolysis 0.1M HCl Ambient 72 h 
Basic Hydrolysis 0.1M NaOH Ambient 72 h 

Oxidative/Peroxide degradation 
3% v/v 
H2O2 

Ambient 72 h 

Thermal NA 80ºC 72 h 

Photolytic Studies 
 (UV-Light) 

UV lamp 
(254 nm) 
at 1.2 million lux-hours 

Ambient 72 h 

Neutral (Water) Water Ambient 72 h 
 
1.9 HYDROLYSIS35-39 

 
Hydrolysis is one of the most common chemical degradation 
reactions over a wide range of pH. Hydrolysis is a chemical 
process comprising the decomposition of a chemical 
compound by water reaction. Under acidic and basic 
conditions hydrolytic study involves catalysis of functional 
ionisable groups present in the molecule. Acid or base stress 
testing involves forced degradation of a drug substance by 
exposure to acidic or basic conditions resulting in desirable 
primary degradants. The choice of acid or base type and 
concentrations depend on the drug substance's stability. 
Hydrochloric acid or sulfuric acids (0.1–1 M) for hydrolysis of 
acid and sodium hydroxide or potassium hydroxide (0.1–1 
M) for base hydrolysis are suggested as suitable hydrolysis 
reagents. If the compounds are poorly soluble in water for 
stress testing, then co-solvents can be used in HCl or NaOH 
to dissolve these. Co-solvent selection is based on the 
structure of the medicinal substance. Stress testing is 
normally started at room temperature, and if no degradation 
occurs, elevated temperature (50–70° C) is used. Stress tests 
shouldn't exceed 7 days. To avoid further decomposition, the 
degraded sample is then neutralized using suitable acid, base, 
or buffering. 
 
1.10 OXIDATIVE DEGRADATION37-38 

 
Drug substance of oxidative degradation involves a 
mechanism for the electron transfer to form reactive anions 
and cations. Hydrogen peroxide is widely used in forced 
degradation studies for the oxidation of drug substances but 
other oxidizing agents such as metal ions, oxygen, and radical 
initiators may also be used. Selection of an oxidizing agent 
depends on the drug substance, its concentration, and 
conditions. It is reported that subjecting the solutions for 
seven days to 0.1–3 percent hydrogen peroxide at neutral 
pH and room temperature or up to a maximum degradation 
of 20 percent could potentially generate relevant degradation 
products. 
 
1.11 PHOTOLYTIC CONDITIONS37-38 

 
The photo stability testing of drug substances must be 
assessed to show that light exposure does not result in an 
unacceptable change. Photo stability studies are performed 
by exposure to UV or fluorescent conditions to produce 
primary drug substance degradants. Drug substance samples 
and solid/liquid drug product should be exposed to a light 
level of at least 1.2 million lx h and 200 W h / m2. The most 
widely accepted wavelength of light is 300–800 nm in range 

to cause photolytic degradation. The recommended 
maximum luminance is 6 million l x h. The free radical 
mechanism can induce photo-oxidation by light stress 
conditions. 
1.12 THERMAL DEGRADATION39 

 
Thermal degradation (e.g., dry heat and wet heat) should be 
carried out under more stringent conditions than 
recommended accelerated test conditions for ICH Q1A. 
Samples of solid-state drug substances and drug products 
should be exposed to dry and humid heat while dry heat 
should be exposed to liquid drug products. Studies may be 
carried out over a shorter period at higher temperatures. 
 
2. CONCLUSION 
 
Rapid liquid chromatography tandem mass spectrometry is 
an important factor in preclinical and clinical trials. L.C.M.S / 
M.S has been widely used at present for the investigation of 
degradation studies and the determination of potential drug-
drug interactions. The advantage of L.C.M.S / M.S is its high 
sensitivity and specificities, which makes it a powerful tool 
for monitoring drug degradation. FDS is an integral part of 
the lifecycle of product development. From early stages of 
development, FDS can be used to select the molecule with 
the most desirable developmental capabilities. These studies 
provide insights into possible ways in which the active 
ingredients may degrade and help to elucidate the degradant 
structure. These studies will also provide the information to 
improve the formulation process and determine the 
conditions for storage. 
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