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ABSTRACT 
The Forced degradation and stability testing 

involve the foremost time portion in researching the 

chemistry of the molecules. To obtain a green and fast 

technique for forced degradation study of the drug 

molecules, microwave radiation is adopted for the studies in 

the recent scenario. The drug development life cycle may be 

a long process that additionally involves ample efforts 

within the testing of the chemical stability of the drug 

molecules and potential impurity and degradation product 

of the drug before it comes within the sort of stable 

formulation. This shows the vital development within the 

forced degradation methodology by this innovative 

approach.  As the approach is new it requires a methodical 

protocol, the paper presents suitable factorial setups for the 

described application. 
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I. INTRODUCTION 
 

Forced degradation studies are indispensable for 

revealing the drug stability, elucidate the key degradation 

pathways, and examine the degradation of drug substance 

in qualitative/quantitative stipulations. The forced 

degradation method is an example of a 

development/control quality test that's executed routinely 

in pharma to gauge a drug’s chemical stability. Using it 

also reduces the degradation products, provides an insight 

into the degradation pathway and therefore the specificity 

of stability indicating methods, employing a degradation 

process under conditions (acid, basic, oxidative, and 
temperature) that are more severe than accelerated 

conditions. Considering that, most of the regulatory 

guidance documents have defined the awareness of 

forced degradation, but they do not provide meticulous 

information about forced degradation strategies.  Over the 

years, the pharmaceutical industry has been using a 

conventional method for heating in degradation study; 

this requires a drawn-out process, high energy, and time. 

Recently, a new-fangled forced degradation method using 

modern microwave reactors has been reported as a 

greener, more inexpensive, and resourceful alternative[1]. 

Current practice for forced degradation 

Literature published in recent studies describes, 

the colossal interest and experimentations to optimize the 

time for degradation, stressor strength, and temperature 

set required for invoking the preliminary degradation of 

drugs and medicines and to develop green techniques for 

forced degradation methodologies.[4 -12] The conventional 

method involves the heating by the traditional source like 

a hot plate or temperature-controlled water bath, in this 

process thermal conductivity of the various materials is 

the key factor that initially heats the reaction vessel and 

then heats the drug solution to be degraded. The 
degradation is performed in the volumes up to 100 ml and 

heating ranging from room temperature to 100 ° C. The 

time required for the reaction, sample handling, and 

analysis in the traditional approach is reduced greatly by 

the microwave-assisted reaction. It has been highlighted 

in various approaches published in the literature that the 

microwave radiation can be employed in the forced 

degradation study, stability-indicating method 

development. It can also be broadened to the isolation of 

the impurity, due to greater control over reaction and 

reasonable reproducibility.  
 

II. ADVANTAGES OF THE NEWER 

MICROWAVE AIDED METHOD 
 

Microwave energy produces efficient internal 

heating by the direct blending of microwave energy with 

polar molecules. Accordingly, microwave-assisted 

reactions are predominantly based on the proficient 

heating of materials by microwave dielectric heating 

effects. A significant reduction of time has been achieved 

without the degradation losing the profile and efficiency 

that have already been observed in exposing the drugs to 

degrading agents for long periods of time, either at room 
temperature or in heating through stoves or reflux. Also 

besides, the use of microwave irradiation heating can also 

considerably reduce the amounts of solvents used as 

stressing agents, without affecting the efficiency of the 

study or decreasing the energy; overall, the great 

advantage is by following the green chemistry 

principles.[1-3] 
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Figure 1:  Graphical abstract of the paper demonstrating the overall concept of forced degradation through 

microwave 

 

Considering the three major factors microwave 

power, time and concentration of the stressor for the 
degradation study an experimental design either full-

factorial or with diminished runs can be utilized for the 

setup of the targeted degradation amount required for 

study purpose. One more aspect of response surface 

prediction can be availed to optimize the experimental 

setup for the microwave aided approach. The following 

are the three levels of set up to conduct the drug 

degradation study, which preludes the drug susceptibility 

for the degradation. 

Forced degradation conditions majorly employed by 

conventional methods:[13-15] 

 
1 Hydrolytic Degradation  

2 Oxidation  

3 Photo Degradation  

4 Thermal Degradation  

Forced degradation studies are administered to 

realize subsequent pur-poses: 

 To get insight into the degradation pathway of the 

drug substance. 

 Degradation product from the excipients matrix 

can be evaluated  

 Structure elucidation of the degradation products. 

 To predict the stability of the drug substance into 

the formulation. 

 A detailed assessment of the drug substance in a 

variety of stressed conditions like hydrolysis, 

oxidation, Photo decomposition, etc. 

 To set up the stability-indicating nature of the drug 
substance estimation method. 

 To disentangle stability related issues of the drug 

and develop the long-standing formulation. 

 

Factorial combination setups to conduct the drug 

degradation study 

 

Combination 1:  Mild set up for the drugs, which are highly susceptible to degradation. 
 

Microwave radiation Strength of the Chemical stressor Time of exposure 

80 – 200/240   Watt 
 0.1 -0.5 N   HCl /NaOH 

   120 - 180  seconds  
0.1 – 1 %  H2O2 

 

Combination 2:  Moderate set up for the drugs, which are moderately susceptible to degradation. 
  

Microwave radiation Strength of the Chemical stressor Time of exposure 

300 –  500   Watt 
1 – 2 N   HCl /NaOH 

   60 -120  seconds 
3 %  H2O2 

 

Combination 3: Extreme set up for the drugs, which are very less susceptible to the degradation.  
 

Microwave radiation Strength of the Chemical stressor Time of exposure 

500 - 800   Watt 
Up to 5 N   HCl /NaOH 

   30 -60  seconds 
6 %  H2O2 
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III.    CONCLUSION 
 

The factors set up on the three different levels 

can be used for the degradation of target achievement. 

Taking into account the susceptibility of the drug to 
degradation from basic drug chemistry, this green 

approach should be embraced in the field of the forced 

degradation study.   
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