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Abstract: The objective of the review article is to give detailed description and guidance of the forced
degradation studies as per regulatory guidelines. Forced degradation or alternatively referred as stress
testing and it demonstrates specificity when developing stability indicating methods, especially when little is
known about potential degradation products. Forced degradation study provides information about the
degradation pathways and degradation products of the drug substance that could form during storage,
transportation. Force degradation study also helps in the elucidation of the structure of the degradation
products. Forced degradation study provide the chemical behaviour and chemical nature of the molecule
which ultimately helps in the development of formulation during manufacturing and packaging
specification, thus this review article provides knowledge of the current trends in performance of forced
degradation study and establishing the analytical methods that helpful for development of stability
indicating method.
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I. INTRODUCTION
The forced degradation study is considered a vital analytical aspect of the drug development program for small
molecules. Forced degradation, commonly known as stress testing, is carried out to demonstrate as specificity to
developed a stability-indicating analytical method, using high-performance liquid chromatography (HPLC), i.e., a
single analytic method that is capable of separating the degradant peaks from the drug substance/drug product peak. As
per International Conference on Harmonization (ICH) guidelines (Q1A), stability studies need to be performed to
propose the shelf life of new drug substances and/or drug products. Shelf-life studies are part of various regulatory
submissions to the FDA.
Generally, three kinds of stability studies need to be performed in order to propose the shelf life of a drug substance
and/or drug product: accelerated stability (ACC), intermediate stability (INS), and controlled room temperature (CRT)
stability. The duration of accelerated study is about six months, intermediate stability and controlled room temperature
stability studies take about 12 to 24 months. A stability study is conducted to determine the intrinsic stability of the
molecule and, during the study, it is expected the drug substance/drug product will degrade/decompose and generate
other molecules, which are known as impurities. During the forced degradation studies, various stress conditions are
deliberately applied to degrade/decompose the main compound and generate impurities, which should separate from the
main compound and from each other. Therefore, forced degradation studies are a tool to estimate the
degradant/decomposed impurities that would occur during stability studies and are used to propose the shelf life of the
new drug substances and/or drug products.
Various analytical techniques/equipment can be used to separate and estimate all the degradant compounds expected to
be present at the time of the forced degradation study. HPLC with UV detector (HPLC-UV) and photodiode array
detector (HPLC-PDA) are well-known techniques and are widely used in pharmaceutical industries during forced
degradation studies as part of the development and validation of the stability-indicating method. HPLC with mass
detector (LC-MS), gas chromatography with mass detector (GC-MS), and nuclear magnetic resonance (NMR)
spectroscopy are important techniques to identify the structure of the degradants.
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Important Applications of The Forced Degradation Study:
Forced degradation is a critical analytical study for the development of stability-indicating methods to be used by
pharmaceutical companies as part of regulatory submissions to the FDA. Some of the applications of the studies are:

e To develop and validate stability-indicating methods as per ICH guidelines.

e To identify structure and toxicity and to set up specification of degradants or impurities.

e To propose shelf life of the product without real-time stability information.

e To optimize formulations and to select placebos for drug product to avoid interference.

e To justify impurities that are process related or degradation products.

e To support identification of root cause during out-of-specification (OOS)/lab investigations.

e To accompany drug master file and ANDA/NDA and IND submissions to the FDA.

Selection And Procedures of Forced Degradation Condition:
As per ICH guidelines and common industry practice, forced degradation is usually performed in different stress
conditions, i.e., acid, alkali, peroxide, thermal, and UV, along with a control sample. There are no industrial guidelines
about how much degradation should be achieved; however, per current industrial practices, 5 to 30 percent degradation
should be achieved in any one of the applied stress conditions. The aim of the degradation to be achieved through stress
testing is to mimic the control room temperature stability conditions. In cases where higher or lower degradations are
observed, the conditions or concentrations of the reagent should be optimized. Mass balance should be demonstrated
during the degradation study and it should be around 100 percent, taking into consideration margins of analytical errors.
All the degradants/impurities must be calculated during mass balance evaluations.
During the forced degradation study, any batch that will not be the part of regulatory submission can be used. In the
case of a drug product, if multiple strengths are available with the same placebos and different amounts, the strength
that has highest ratio of placebo vs. active pharmaceutical ingredient (API) should be used. Where placebos are
different, then forced degradation of all the strengths must be demonstrated. During the drug product degradation study,
both the placebo and API must be demonstrated to identify actual degradation pathways. Where placebos are different
for different strengths of drug product, then all the placebos should be considered for the degradation study.
The following (Table 1) are the suggested degradation conditions as per current industrial practices and accepted by the
FDA during DMF/ANDA/NDA and IND submissions for regulatory approval.

Table 1: Suggested Experimental Conditions for Forced Degradation Studies

Degradation Concentration of | Conditions Time Remarks

Tyvpe Reagent to be applied

Acd SN HCI 80° C 1 hour Concentration, condition,

Alkali SN NaOH 80°C 1 hour | and ume can be changed

Peroxide 10% H202 80° C 1 hour to optimize degradation.

Heat/'Thermal 80°C 80° C 1 hour

uv Expose under UV Ambient 24 hours | Time can be changed to
light at 254 nm temperature. optimize degradation
wavelength.

Control NA NA NA NA

Degradation should be performed in solid or solution form, but it is recommended it be performed in solution form
using the diluent/mobile phase to obtain a homogeneous effect. Degradation studies can be initiated with harsh
conditions (i.e., high concentration of reagent with high temperature) to shorten the time of the study. In cases where
degradation of more than 30 percent is found, milder conditions should be applied by reducing the concentration of the
reagent, lowering the temperature, etc. Degradation conditions shall be optimized to achieve a target based on the initial
degradation outcome. pH should be adjusted to about 7.0 for acid and alkali degradation to extend the shelf life of the
chromatographic column. If degradation is not found in any of the above conditions, different reagents and conditions
can be applied, e.g., H2SO4, Zn, etc. There are a few molecules that do not degrade under any harsh conditions and
they are therefore considered rock stable molecules. This kind of molecule will not generate any additional
impurities/degradant peaks during a stability study.
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Characterizations and Mass Balance of The Forced Degradation Study

All the solutions should be analysed using pre-developed suitable analytical methods, along with the diluent, placebo,
and control sample solutions. The suggested acceptance criteria during the forced degradation should be as follows:
Degradation of at least 5 to 30 percent should be observed in any of the conditions.

The main peak must be well separated from the diluent, placebo, known peaks, and degradant peaks generated during
degradation.

The main peak must be pure, i.e., no other peak should be merged with the main peak. Generally, it can be determined
using software such as Empower 3 if the purity threshold is greater than the purity angle, which means the peak is pure.
Advanced software can generate a 3D picture of all the peaks from each chromatogram, which helps to identify peak
purity, as shown in following picture.
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Note: It is possible that the main peak is separated from all the peaks and is pure; however, known impurities or
degradant peaks generated during the degradation study are not pure and may be merged with other peaks. In that case,
attempts should be made to modify the analytical method to separate all the peaks from each other. Therefore, it is also
recommended that peak purity should be evaluated for all peaks (main peak, known impurity peaks, and all the
degradant peaks) to avoid consequences during the stability study. When attempts to obtain peak purity of the degradant
peaks fail, the method development details should be documented and a risk-based approach should be applied to
accept the method as stability-indicating.

During the forced degradation, many more degradant peaks can be generated from the main (active) peak. The percent
degradation of the main (active) peak shall be calculated after completion of the analysis. The following formula is
generally used in pharmaceutical industries and accepted by the FDA to calculate the percent degradation.

Using the percent degradation, mass balance should be evaluated for all the degradant peaks. The mass balance should
be about 100 percent, considering margin of errors during analysis.

HPLC with mass detector (LC-MS and LC-MS/MS), gas chromatography with mass detector (GC-MS), and nuclear
magnetic resonance (NMR) spectroscopy are important techniques to identify the structure and mass balance of the
degradants. The characterization of the degradants can be determined using advanced analytical techniques such as LC-
NMR. Thin layer chromatography (TLC), column chromatography, and preparative HPLC can be used to isolate the
impurities from residue or filtrate generated during the API manufacturing process.
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Development of Stability-Indicating Methods Incorporating Force Degradation Study

During the forced degradation study, degradation products can be generated that might be more than expected during
the ACC. Degraded samples, along with known impurities, must be used to develop the analytical method. These
samples will represent the worst-case scenario and all the peaks (main peak, degraded peaks, and known impurities)
must be well separated from each other. In cases where the analytical method is not able to separate all the peaks, the
method needs to be redeveloped to achieve separation of all the peaks. Reference to books, literature, and experience is
a key factor in developing the analytical method. One of the reputable books is Practical HPLC Method Development,
by R. Snyder. It will help users to understand how to get better separation of all the peaks. Once an analytical method is
developed that is capable of separating all the peaks from degraded samples, it means this method is capable of
analysing all the stability samples and, therefore, this analytical method will be considered stability-indicating. Method
validation must be performed to demonstrate that the analytical method is suitable for its intended purpose (refer to ICH
guidelines Q2 (R1) Validation of Analytical Procedures). The forced degradation information can also help with
determining the root cause during OOS/lab investigations during the sample analysis, e.g., if any unexpected peaks are
observed during the sample analysis that were not observed during any forced degradation condition, it can be
concluded that the peak is due to contamination, either during the manufacturing process or during the analysis.

II. CONCLUSION

Forced degradation is an essential study that provides the knowledge and judgment to develop a stability-indicating
analytical method. This study must be performed, and it should be part of regulatory submissions. This study also helps
to establish the specification and shelf life of a drug substance or drug product. The information derived from the study
will help to improve the formulation, manufacturing process, and storage conditions of the product. In addition, the
forced degradation study also helps to discover root causes or any potential contamination during the manufacturing
process or during laboratory analysis. Therefore, the forced degradation study must be demonstrated at the time of
method development and before submission of the regulatory dossier to the FDA.
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