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Abstract: Forced degradation studies an essential tool in pharmaceutical research and development were degradation pathways 

and degradation product of the drug product and substance is important for understanding chemical behavior and for stable 

development of formulation. This review discuss about the forced degradation study as per the regulatory guidelines and other 

regulatory agencies. In Forced degradation studied there are certain degradation condition like oxidation, hydrolysis, photolysis 

etc. Forced degradation discuss various tools for investigation of degradants. It discuss about the prediction of drug product and 

provide information for degradation and its pathway for the development of stability indicating method. In this review also discuss 

about the various analytical techniques such as conventional and hyphenated techniques for gaining the detail about the 

degradants separation and its characteristic. 
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Introduction 

A forced degradation study is also called as ‘stress testing’ or 

stress decomposition studies or forced decomposition studies. 

[1] 

In this studies the degradation of drug product and the drug 

substances is carried out at several conditions which are more 

severe than the condition from accelerated studies. From these 

studies it determines the stability of molecules through 

degradation of product. 

Long term studies done in 12 months, and accelerated studies 

done in 6 months, in compare to accelerate studies the 

intermediate studies done in 6 months which is performed in 

mild condition than that of the accelerated studies. So study 

the various degradation products like separation, quantitation, 

identifying etc which will take more time. Forced degradation 

studies are use to help in generating the degradants in very 

short period in a few weeks. 

Forced degradation study is a step which validates the stability 

indicating method which is stated by the ICH guidelines. 

According to the FDA guidance, stability indicating method is 

define as “it is a validated quantitative analytical procedure 

which is used to detect the changes in the properties of the 

drug products and the drug substances  . [2] 

Stability indicating methods are able to identify the changes in 

the chemical properties, microbiological properties and 

physical properties of the drug substances and the drug 

products. Stability indicating method must be validated for its 

intended use, must be reproducible, specific and have ability 

to monitored the changes in the properties of the drug product 

and drug substance. 

Objective  

 For the drug product and drug substance the degradation 

pathway is determine. 

 The structure of degradation product is elucidated. 

 The chemical properties of drug molecules were 

recognize. 
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 Stability – indicating methods were develop and 

validated. 

 Stable formulation was produced and helps in 

determining in the formulation expiry date.   

 Nature of developed method for stability indicating was 

generate. 

 They provide information about the degradation 

mechanism of drug product and the drug substance. 

 Stability related problems were solved.  

 In the formulation the intrinsic stability of drug substance 

and drug product were establish. [1], [3], [4], [5], [6], [7] 

When one should can perform the degradation studies? 

Perform the forced degradation studies is very essential for the 

development of drug substance and the drug product. The 

important time for these studies is phase III of regulatory 

submission process according to the FDA guidance. 

The forced degradation study should be done in presence of 

light and oxygen and done in different pH to study the stability 

of drug substance. [8] 

Flow chart of describing different stress condition for 

degradation of drug products and drug substance. 

 

Experimental conditions selected for the studies 

The selection for  experimental conditions , there are various 

example in the literature which are conducted for the forced 

degradation studies and a set of conditions are identify for the 

forced degradation studies. Using a normal set of conditions 

for a molecules we know little about  intrinsic stability. when 

early stability data which are available, the particular 

condition like (e.g. high pH) for a molecules is suggested, this 

conditions can be modified during instability of molecules or a 

substance. 

For the development of a new stability – indicating method, a 

early set of conditions may be repeated. Therefore, the forced 

degradation study conditions which are defined as earlier work 

for later phase molecules and reprocess this same set 

conditions for developed a consistent approach to maintained 

it. [9] 

Various condition for degradation  

Table 1: Condition used for forced degradation 

studies 

Type of 

degradation 

Experimental          

condition’ 

Storage 

condition 

Time for 

sampling 

(days) 

 

Hydrolysis 

 

 

 

 

‘Control of API (no     

acid /base)’ 

 

 0.1 M HCL 

 0.1 M  NaOH 

 

‘Acid control (no 

API)’ 

‘Base control  (no        

API)’ 

 

 pH is 2,4,6,8 

 

‘40⁰C , 

60⁰C’ 

 

 

‘40⁰C , 

60⁰C’ 

‘40⁰C , 

60⁰C’ 

 

‘40⁰C , 

60⁰C’ 

‘40⁰C , 

60⁰C’ 

 

1,3,5 

 

 

1,3,5 

1,3,5 

 

1,3,5 

1,3,5 

 

Oxidation 

 

 

3% hydrogen peroxide 

 

Peroxide control 

 

Azobisisobutyronitrile 

 

AIBN control 

 

‘25 ⁰C, 60 

⁰C’ 

 

‘25 ⁰C, 60 

⁰C’ 

 

‘40 ⁰C, 60 

⁰C’ 

 

‘40 ⁰C, 60 

⁰C’ 

 

1,3,5 

 

1,3,5 

 

1,3,5 

 

1,3,5 

 

Photolytic 

degradation 

 

 

 

light 1 × ICH 

 

light 3 × ICH 

 

light control 

 

 

NA 

 

NA 

 

NA 

 

1,3,5 

 

1,3,5 

 

1,3,5 

 

Thermal 

condition 

 

 

Heat Chamber 

 

Heat Chamber 

 

Heat Chamber 

 

Heat Chamber 

 

 

60⁰C 

 

60⁰C / 75 

%RH 

 

60⁰C 

 

60⁰C / 75 

%RH 

 

1,3,5 

 

1,3,5 

 

1,3,5 

 

1,3,5 
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Hydrolytic condition 

From the various degradation condition it is one most common 

chemical reaction for degradation over a wide range of pH. 

Hydrolysis is solvolytic process where the drug reacted with 

the water to produce breakdown of product or substance into 

various chemical conditions. Degradation of the drugs is 

responsible by moisture in the air or the water acts as solvent 

which comes in the contact of pharmaceutical dosage form 

and degrade it. 

In hydrolytic study, conditions involve for the catalyzation of 

the ionisable functional group which are present in the 

molecules are study under the acidc and basic conditions. 

Hydrochloric acid and NaOH are required for the acidic & 

basic stress samples generation. In acidic and alkaline 

conditions hydrolytic degradation of new drug is carried out 

by the refluxing the drug in 0.1 N HCL and 0.1N NaOH and 

stopped the testing at that point when degradation is seen. 

If no degradation is seen under the acidic and basic conditions, 

at higher strength and longer duration of time the drug will 

remain refluxed. The strength of acid/alkali is maintained 

alternatively if the total degradation is seen which is subjected 

to the initial conditions.Hence, in this hydrolytic 

decomposition of drug the stability of drug is dependent on the 

temperature and pH which have to be maintained. [10], [11], [12] 

Procedure for hydrolytic degradation 

Degraded samples can be obtained by the forced degradation 

study for about 1% to 30%. 

For Acid stress condition for reflux it with 0.1N HCL at 

temperature of about 60◦C for 30 minutes.’‘For Base stress 

condition for reflux it with 0.1N NaOH at temperature of 

about 60◦C for 30 minutes.’For water stress condition for 

reflux it with the water at about 60◦C for 30minutes. 

Cosolvent can be added to dissolve and for the extraction of 

the drug.’                    

         First, stress the sample with 0.1N HCL or with 0.1 N NaOH 

                   or with water for 60◦C for 30 minutes .   

 

Then, to get the degradation the required strength and 

the duration will need. 

 

The % of degradation will be provide your rationale in case of  the 

molecules. 

 

 

                       While evaluating the peak for purity, all 

requirement of software are met. 

Oxidative Condition 

It is an important degradation pathway for the many drugs. 

Many drugs substance or product undergoes to auto oxidation.  

Inhibitors for the auto oxidation are like Hydrogen peroxide, 

metal ions or the trace the level of impurities. 

Oxidative degradation of the drug substance is based on 

electron transfer mechanism where it form the reactive cations 

and anions. Amines, phenols, and sulphide which are liable to 

influenced the electron transfer oxidation which  give the 

sulphones & sulphoxide, hydroxylamine.’    [[5], [6], [13], [14]  

Procedure conducting for oxidative degradation 

For oxidative stress, it is treat with 1% of hydrogen peroxide 

at less than temperature 30◦C for the 30 minutes. This testing 

is initially carried at room temperature by 1%hydrogen 

peroxide for 6 hr and for obtaining the sufficient degradation it 

can be increase or decrease. 

To achieve the degradation the stress agent can be changed. 

To dissolve and extract the drug the cosolvent can be used. 

            Stress the sample with the 1 % of hydrogen peroxide 

for 30 minutes 

 

          To get the required degradation, the strength and 

duration needed are decided 

 

                                 

the % of the degradation is provide your rationale in case of 

the stable molecules                               

                                                                                                                                                       

 

evaluating the peak purity, all the requirements of software are 

met. 

Photolytic condition 

Drug molecules which are exposed to light to produce 

degraded product. Based upon  intensity of the incident light 
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&  the quantity of the light which are been absorbed by  drug 

molecules for the rate of photo degradation. 

Using a combination of the UV light and the visible light, by 

exposing it to drug product and the drug substance to carried 

out the photo degradation. The wave length of light which are 

commonly accepted at range of 300-800nm which cause  

photolytic degradation. 

Non oxidative photolytic reaction or the oxidative photolytic 

reaction, the photolytic degradation is carried out. 

Isomerization, dimerization, decarboxylation  &  hemolytic 

cleavage of the X-C hetero bonds, rearrangements etc are 

include in the reaction of the non oxidative photolytic 

reaction. 

 While in oxidative photolytic reaction, singlet O2 or  triplet O2 

based mechanism will occur. In singlet oxygen, it react with 

the unsaturated bonds which include dienes, alkenes and 

aromatic hydrocarbon which are used to form’ photo oxidative 

degradation products.’ 

Where as, in triplet oxygen the free radical of  the drug 

molecules are reacted and form peroxide. Hence, the photo 

degradation process involved the study of interaction between 

the precursor and the product and light act as a catalyst for the 

oxidation reaction, and understand the photo – toxicity of drug 

products. 

Procedure for conducting the photolytic condition 

1% to 30% degradation is possible to achieve the degraded 

samples by conducting the  forced degradation studies. 

           Capsule contents or the tablet powder which is placed 

or exposed to UV  

           radiation of minimum 200 watts hr/m2 and minimum of 

the 1.2 million  

           lux hr  in  the visible light and in the photo stability 

chamber. 

 

 
Expose tablet powder or the content of capsule  in an UV 

radiation , placed in UV cabinet for  minimum upto 7 days. 

                                                                                                            

 

 

% of degradation will be provide your rationale , in case of the 

stable molecules 

       While evaluating the peak purity, all the requirement of 

the software will be met. 

Thermal degradation 

The thermal degradation studies which carried out at the 

temperature 40-70 ⁰C with moisture of 60-75 %RH in dry or 

moist environmental condition. Temperature 70⁰C is widely 

accepted at low and high humidity for 1 to 2 months. 

If temperature higher than ˃80 ⁰C it may not produce the 

predictive pathway. At high temperature the drug molecules 

follow the same pathway for the decomposition is assume in 

predictive degradation studies at all the temperature. 

From the Arrhenius equation we can study the effect of the  

temperature on the thermal degradation of the drug products. 

[15] 

equation: 

                             

Where, 

k= specific rate constant  

A= frequency rate   

R=   gas constant ( 1.987 cal / mole ) 

T= absolute temperature 

Ea= activation energy 

Microwave is a new tool for the thermal degradation study 

From during last 10 years, the microwave – assisted chemistry 

is very powerful technology for heat reaction mixtures , which 

are dedicated to be sealed with the reaction vessels or with the 

reactors. 

Modern microwave instrument have been reduce the process 

time as compare with conventionally heated experiments, 

under the reflux condition and it has ability to superheat the 

solvent rapidly from above their boiling point upto the 

temperature 300⁰C & 30 bar.‘For forced degradation studies 

these microwave technology has scarcely reported to literature 

with in 2 protocols such as describing the uses for domestic 

microwave ovens without used of the temperature control.’ 

‘To perform the forced degradation by low-volume microwave 

– assisted which are fitted with a 20 standard HPLC / GC vials 

under the strong microtiter platform  which is made up of 
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absorbing silicon carbide plates which are have bore holes 

with appropriate dimension.’ 

‘Further, these HPLC /GC vials which seal with the aluminum 

crimp caps which are equipped with the  PTFE coated silicone 

septa. The sealing mechanism processing at the  high 

temperature for 80 vials up to the temperature of 200⁰C & 20 

bar pressure.’   [16] 

Degradation pathways and product prediction 

The sample containing the problem of degradation is predicted 

and then submitted. The first step of the process of predicting 

the reactive functional groups and the drug molecules 

degradation pathway by the process of an in- silico (computer 

software) and by in – cerebro (chemistry knowledge). 

1. Predictive software also (in – silico prediction) 

a. CAMEO (computer – assisted mechanistic evaluation of 

organic reactions) 

This historical software is developed by William L. Jorgensen 

, use for the  modeling & for predicting the organic chemical 

reactivities, by degradation prediction. This software is 

discontinued for the reason of inability to program   software 

with the new reaction of chemistry.’[   [17], [18], [19], [20] 

b. DELPHI (degradation expert leading to pharmaceutical 

insight) 

Under a given condition DELPHI is capable for predicting the 

reaction of product and it is an another historical expert 

system. DELPHI was been specifically designed in contrast to 

CAMEO. 

For predicting the degradation of molecules and proceeded the 

primary reactive degradants beyond the subsequent 

degradants. [21] This software is a proprietary at Pfizer and is 

discontinued due to its inflexibility. 

c. Zeneth 

This software was released in the year 2010 for predicting 

degradation pathways for the pharmaceutical drugs or product. 

This software was developed by the Lhasa Ltd.  In institute 

with the group of the pharmaceutical companies for metabolite 

prediction based on the frame work of the metero. 

It contain a chemical engine which is responsible for allowing 

application and description for the degradation 

transformations and also allowing the graphical entries of the 

query structures which display the predict result. 

Under the influence of the reaction condition the degradation 

is predict by the zenith and also some compound like 

excipients. [22] 

2. In – cerebro prediction 

In – cerebo tools are published in the primary literature such 

as review and books. The mechanism for the chemical 

decomposition for pharmaceuticals includes oxidation 

reaction, hydrolytic reaction, photolytic reaction, 

polymerization reaction, dehydration and transformation is 

responsible for product to react with salts or excipients.  

While many pathway of ‘drug degradation prediction’ is 

improve  in field of degradation where the chemistry is mature  

with the investigation of experiment as a documentation in the 

literature.[23], [24], [25], [26] 

3. Database for drug degradation 

 The drug degradation database concept is developed by the 

Pfizer for designing the structure elucidation data and which 

will allow for the retrieve data which is based on condition as 

change in the structure and the degradation of chemistry.  

The degradation database is achieved by comprehensive 

window based program by using  the web server product of 

Cambridge Soft corporation’s chem. Office.  Based on the 

degradation conditions they are able to perform the full or 

partial searches on the chemical structure. 

By obtaining the database, it helps in the field of the 

degradation chemistry, in the searches of the specific drug and 

the molecules and also for specific functional groups it 

uncover the patterns of degradation.[23] 

Stability Indicating Method’ 

Stability – indicating assay a method which is done for 

analysis of the pharmaceutical samples stability. This method 

is an analytical method which indicate the accurate quantity of 

the API without the involvement from the excipients, 

degraded drug product, and impurities.  

Advanced development in the stability indicating method for 

HPLC, where the forced degradation method is used in 

method development process at early stage of development. 

Method development and primary degradation product 

development identification and the unknown impurities are 

run parallel by performing the forced degradation study in an 

early stage. [28] 
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Process flow map for forced degradation 
[29]

 

Predict degradants 

By using softwares , chemistry knowledge and databases the 

degradants is predicted 

                                                               

 

 

 

Development of Stability indicating method include 

various general steps: 
[28], [30]

 

Step 1:- Decomposition route is likely asses by the study of 

the drug structure 

For development of stability indicating method this is the first 

step  and study the functional group and other components to 

gained the information from the structures. 

Functional groups are undergoes into different reaction where 

amines, esters, lactones are undergoes into hydrolytic reaction 

, where as aromatic nitro groups  are undergoes into 

photodecomposition and other like thiols, thioester etc  which 

are undergoes  for oxidation reaction. 

Step 2:- Information is collected on the bases of 

physicochemical properties 

Various physicochemical parameters like pka, solubility, log 

P, absorptivity etc.’ 

Step 3:- Stress studies or forced degradation study 

Various stress condition are hydrolysis, oxidation, photolysis, 

humidity, accelerated temperature etc. 

Step 4:- stress sample is study by preliminary separation 

Various chromatographic techniques are used for the 

separation.  

Perform the HPLC separation by using the detectors like UV/ 

PDA detectors system. 

LC-MS separation method is also used. 

Step 5:-   Optimization and the final method development 

For each reaction condition mention the RT and the relative 

retention time for the products. LC-MS profile and the PDA 

spectra of component were obtained and evaluate product 

whether the product is same or different.  

Step 6:- preparation of standards and identification of the 

degradation product 

Identified through conventional method to isolate or through 

determination by spectral structure and through elemental 

analysis. 

 Hyphenated LC techniques which are coupled with mass 

spectroscopy is also approach. Analytical method like HPLC, 

UV, LC-MS, LC-MS-MS are also used for  identifying the 

resolving components.  

 

 For degradant separation and identification, various 

analytical tools were used 

A.  Conventional techniques: 
[31], [32], [33], [34]

 

Thin layer chromatography (TLC) 

It is easy to used, inexpensive but they can recovered less 

amount of the material or product from the structure analysis 

 

Solid phase extraction (SPE) 

For the process of de- salting and the purpose for removing the 

large amount of the water through the fraction of semi 

preparative chromatography where this SPE method is 

valuable in this isolation process. 

 

Supercritical Fluid Extraction 

Structure elucidation for pharmaceutical industry and for 

natural product it is applicable by using CO2 & counter current 

chromatography (CCC). CCC is choice of high resolution 
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chromatographic which is used without the solid stationary 

phase &  it also applicable for unstable compound.   

 

Mass Spectroscopy 

Mass spectroscopy is applicable for the structure elucidation 

workflow 

-  They provide high sensitivity,  

-  provide high dynamic range  

 Unknown identification carried out for fragmentation 

experiments for active ingredient and the fragmentation for 

molecules were understand.  For both impurity and fragments 

and for API and the impurity the fragmentation experiment is 

carried out.  

Nuclear Magnetic Resonance (NMR) 

This method is used for the analysis of the drug product. 

Combining the detail from  NMR spectroscopy  which  

provide the structural information with molecular formula and 

the fragmentation experiment  from Mass Spectroscopy  used 

for the drug degradation product. 

 

High Performance Liquid Chromatography (HPLC) 

This technique is used for the separation of the degradants. For 

simultaneous measurement in multiple wavelength the UV 

HPLC detector were used now a days. 

This method is used for testing the peak purity during the 

development of the stability indicating methods.  

 

B.   Hyphenated Techniques 
[35], [36], [37], [38], [39]

 

GC- MS  

GC- MS is the first hyphenated techniques for the 

conformation of organic volatiles and residual solvents where 

the degradants and organic impurities are not known exactly. 

 

Capillary Electrophoresis Mass spectroscopy 

This is an orthogonal technique for the separation of 

impurities and for the degradation of products. Capillary 

electrochromatography is an hybrid techniques having high 

efficiengy of the Capillary electrophoresis.  Gaining the 

important characterization for the degradants by the system of 

Capillary electrophoresis and the capillary  

electrochromatography which get hyphenated with the mass 

spectroscopy. 

 

LC- MS  

For impurities characterization this hyphenated techniques is 

most popular among  all the other  hyphenated techniques and 

yield the structural  information. 

  

Various advance range of instrument with LC – MS are  

- LC - MS 3D TRAP (MS n ) 

- LC-MS ( single quad) 

- LC-MS ( Triple Quad) 

- LC- TOF 

 

Liquid Chromatography – Nuclear Magnetic Resonance 

(LC- NMR) 

This technique is used to improve the sensitivity of instrument 

and the resolution by using the multiple advanced technology 

like cryoprobe and microprobe and strong magnetic field etc. 

 

Liquid chromatography – Fourier Transfer Infrared (LC 

– FTIR) 

This method is used for the reporting the characterization of 

degradants and for evaluating the impurity profile. 

 Conclusion 

 From this review work we discuss about the forced 

degradation study which is important for help to develop and 

demonstrate the stability indicating method and provide the 

information for degradation of product and discuss its 

pathway. Further it also conclude about the prediction of 

degradation product. Forced degradation studies have various 

analytical tools for degradants separation.  Evaluating the 

stability indicating method, it required the adequate 

degradation to understand the methods.  
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