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ABSTRACT

The advancement of analytical methodology, a better knowledge of the stability of active
ingredients (API) and drug products (DP), and information regarding degradation pathways
and degradation products are all made possible by forced degradation studies. This document
describes the parameters of force degradation experiments, including the goals of ensuring
drug stability, the time required to conduct drug degradation studies, and the factors—such as
light, pH, and oxygen—that effect drug deterioration. The significance of the stability-
indicating method and the connection between stability data and forced degradation
investigations are emphasized in the study. Studying force degradation is crucial because it
gives you the information and insight you need to create an analytical technique that indicates
stability. The specifications and shelf life of a drug substance or drug product are established

in part by this investigation.
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INTRODUCTION

A forced degradation study, sometimes referred to as stress testing, examines how stable a
chemical or medicinal product is under adverse circumstances. In this context, "stress" refers
to any environmental or physical factors that a product may come into contact with that could

result in a chemical alteration."? Forced degradation is the term used to describe the
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breakdown of pharmacological compounds and goods under circumstances more severe than
rapid degradation. Product degradation from this process can be investigated to determine the
molecule's stability. The ICH recommendation states that stress testing should be used to
verify the stability indicating methods used and to find the anticipated degradation products.
This will help determine the molecule’s intrinsic stability and pinpoint the degradation
pathways.® The following goals are pursued by forced degradation studies:=*

1. To identify drug substance and product degradation pathways.

2. To determine the processes by which drug compounds and products degrade.

3. To demonstrate the stability of a proposed method.

TYPES OF DEGRADATION

1. Hydrolytic Degradation

Hydrolysis is the term for drug degradation involving a reaction with water. Hydrolysis is
influenced by PH, buffer salts, ionic strength, solvents, complexing agents, surfactants, and
excipients. Usually, an acid or a base catalyses hydrolysis processes. The most frequent
chemical degradation process across a broad pH range is hydrolysis. Most medications
degrade when water, either as a solvent or as air moisture, comes into touch with medicinal
dosage forms. In hydrolytic analysis, the molecule's ionisable functional groups are catalyzed

in both basic and acidic environments.!*>

2. Oxidation Degradation

Under typical circumstances, many medicinal compounds undergo oxidation, including
ground state elemental oxidation. One free radical reaction that needs a free radical initiator
to start the chain reaction is autoxidation. Oxidation is initiated by hydrogen peroxide, metal
ions, and trace amounts of contaminants in a medicinal component. The initial oxidative
stress test is conducted for 6 hours at room temperature in 3% H2O; the duration can be
adjusted to obtain adequate deterioration. With 1% H20, the duration can also be shortened
by 30 minutes or extended by 24 hours by 3%. An electron transfer process creates reactive
anions and cations as part of the oxidative breakdown of medicinal substances. Substances
Free radical oxidation is the most prevalent type of oxidative breakdown in the
pharmaceutical industry.***"

3. Photolytic Degradation

Any change or modification to the primary chemical component of a medication, food, paint,

dye, ink, pesticide, etc. brought on by light or photon particles is known as photolytic
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degradation. When sunlight and air interact with a product, they cause both oxidation and
hydrolysis, which is why the phrase "photolytic degradation” was created.”* Through the
mechanism of free radicals, light stress conditions can cause photo-oxidation. Drug
photosensitivity is likely to be introduced by functional groups such as carbonyls, nitro
aromatic, N-oxide, alkenes, aryl chlorides, weak C H and O H bonds, sulphides, and
polyenes.!*&%0

4. Thermal Degradation

More demanding conditions than the suggested ICH Q1A accelerated testing settings should
be used for thermal deterioration (such as dry heat and wet heat). While liquid drug products
should be exposed to dry heat, samples of solid-state drug substances and drug products
should be exposed to both dry and wet heat. Higher temperatures may be used for shorter

periods of time in studies.!?*%4

TIME TO PERFORM FORCED DEGRADATION

Knowing when to conduct forced degradation experiments is crucial for the creation of novel
medicinal substances and products. According to FDA guidelines, phase 111 of the regulatory
submission procedure is when stress testing should be carried out. To ascertain the stability of
the drug material, stress tests should be conducted in various pH solutions, with oxygen and
light present, and at high temperatures and humidity levels. A single batch is used for these
stress tests. A yearly report summarising the findings should be submitted.® However, it is
strongly advised to begin stress testing on medicinal substances early in the preclinical phase
or phase | of clinical trials. This will allow enough time to identify degradation products,
clarify structure, and optimise stress settings. Additionally, an early stress study provides
prompt suggestions for manufacturing process enhancements and appropriate stability-
indicating analytical procedure selection.!%*!

FACTOR AFFECTING DEGRADATION

The several factors listed below contribute to the degradation of pharmacological compounds.
1. Moisture

Water-soluble compounds may dissolve when moisture is present. The molecule undergoes

chemical and physical changes as a result.”"!
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2. Excipients

It was noted that certain excipients can have high water content. This moisture could result in
higher water content in the formulation, which would subsequently impact the drug's
stability. Reduced stability is sometimes the result of chemical reactions between the
medication substance and the excipients.t”%!

3. Temperature

Temperature variations can occasionally have a negative impact on the drug's stability.
Generally speaking, higher temperatures accelerate the rate of medication breakdown.[’

4. pH

Drug hydrolysis breakdown rate is significantly impacted by pH. The medications are

formulated using buffer solutions with the highest stability in order to lessen this effect.l’™]

5. Oxygen
Some medications undergo increased oxidation when oxygen is present. Purging nitrogen or
carbon dioxide from the storage container stabilises drugs that decompose more quickly in

the presence of oxygen.[”!

6. Light

Certain medications have a tendency to break down when exposed to light because they are
photolabile. Its stability in the presence of light and stability while stored in the dark can be
used to test for photolytic decomposition susceptibility. It is important to keep in mind that
the photolabile compounds ought to be kept in dark, amber glass containers.t”%!

STABILITY INDICATING METHOD

An analytical technique called a stability indicating method (SIM) is used to measure how
much of the active pharmaceutical ingredient (API) in a drug product has degraded.™? A
stability-indicating method is a validated quantitative analytical technique that can be used to
identify changes in the stability of drug substances and drug products over time, per an FDA
guidance document.?**! without being influenced by other degradation products,
contaminants, or excipients, a stability-indicating approach precisely monitors variations in
the concentration of the active ingredient.'™” SIM is a quantitative technique that tracks

variations in medication concentration over time, according to the FDA.["® It guarantees that
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excipients or other degradation products won't interfere with degradation investigations and

aids in predicting storage conditions.™

RELATION BETWEEN FORCED DEGRADATION STUDIES AND STABILITY
DATA Studying force degradation is crucial because it gives you the information and insight
you need to create an analytical technique that indicates stability. The specifications and shelf
life of a drug substance or drug product are established in part by this investigation.
Compared to standard stability testing, forced degradation studies yield more degradation
products. The drug compound is stable under specified stress conditions if no degradants are
generated. Degradation pathways and storage conditions can be discovered with the help of
forced degradation analysis.!’™

CONCLUSION

To sum up, studies on forced degradation are essential to the creation of analytical techniques
for pharmacological compounds and products. In order to forecast degradant impurities
during stability tests, these investigations entail exposing substances to a variety of stress
conditions, including hydrolysis, oxidation, photolysis, thermal degradation, and humidity.
Stress conditions, degradation levels, analytical methods, mass balance, optimization,
specificity, and selectivity are some of the crucial variables. Assuring drug stability,
comprehending its chemical composition, developing stable formulations, and producing
samples for the detection of degradation products are the goals. The FDA highlights the
significance of forced degradation studies throughout the pre-IND, clinical development, and
post-marketing phases, whereas regulatory guidelines, especially those issued by the ICH,
advise performing these studies at different stages of drug development. Degradation-
influencing elements such moisture, excipients, temperature, pH, oxygen, and light need to be
carefully taken into account. All things considered, studies of forced degradation offer
important information about the stability and degradation processes of medicinal compounds,

which aids in the creation of reliable and stability-indicating analytical techniques.
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