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Abstract
Forced degradation studies include the degradation of new drug substance and
drug product at conditions more severe than accelerated conditions. These
studies illustrate the chemical stability of the molecule which further facilitates
the development of stable formulation with suitable storage conditions. ICH
guidelines demonstrate certain degradation conditions like light, oxidation, dry
heat, acidic, basic, hydrolysis etc. ICH Q1A, QIB and Q2B exemplify the forced
degradation studies. This review overviews the strategic approaches and trends
in forced degradation studies.
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Introduction

Outcomes of forced degradation studies

Forced degradation studies provide the approach to analyse
the stability of drug samples in pharmaceutical industries. Drug
product safety and efficacy is affected by the chemical stability
of the molecule. Stability of molecule information provides the
data for selecting proper formulation, package, proper storage
conditions and shelf life. These data also play a significant role
which is required in the regulatory documentation. Before filling
registration dossier it is obligatory to execute stability studies of
new drug molecules [1,2].

Forced degradation studies offer the following information
[2,3,10]:

International Conference on Harmonisation (ICH) guidelines,
make it essential to organize the forced degradation studies and it
is evidently mandated to perform forced degradation of new drug
products. These studies offer the information to support detection
of potential degradants. It also illustrates the degradation pathways
of pharmaceutically active molecules. The drug molecule intrinsic
stability can be estimated by forced degradation studies. Probable
polymorphic or enantiomeric substances and variation between
drug related degradation and excipients interferences can also
be evaluated by forced degradation studies [3,4]. ICH guidelines
mandatory oblige the forced degradation studies under a range
of conditions, like pH, light, oxidation, dry heat, acidic, basic,
hydrolysis etc. Moreover, it provides the separation of drug from
degradation products. The FDA and ICH guidance mandate the
requirement of forced degradation to recognize how the quality of
a drug substance and drug product varies with time and different
environmental factors [5,6].
The developed and validated analytical method permits the
analysis of each degradation products. Unfortunately, there
is less guidance available to establish true selective forced
degradation methods. Appropriate experimental conditions for
forced degradation studies (temperatures, duration, and extent of
degradation, etc.) are not specified properly. This review provides
an overview of forced degradation under variety of environmental
factors [7-9].
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a. Determination of likely degradants,

b. Determination of degradation pathways,

c. Determination of intrinsic stability of the drug molecule,

d. Determination of validated stability indicating analytical
methods.

Regulatory guidelines

Various International guidelines recommended forced
degradation studies ICH guidelines sometimes apply only to the
marketing applications for new products and do not cover the
part during clinical development. The ICH guidelines that are
applicable to forced degradation studies are [1,6,10]:
a. ICH Q1A: Stability Testing of New Drug Substances and
Products,
b. ICH Q1B: Photo stability Testing of New Drug Substances and
Products,
c. ICH Q2B: Validation of Analytical Procedures: Methodology.

ICH Q1A (Stress testing): Recommended conditions for
performing forced degradation studies on drug substances and
drug products. The recommendations are to inspect the results
of temperature (above that for accelerated testing, i.e., >50 C),
humidity (75% relative humidity), oxidation and photolysis.
Wide pH range should be considered in the testing of solution or
suspension. Ultimately the stability-indicating method developed
by these samples [2,11].
ICH Q1B: Recommended approaches to assessing the photo
stability of drug substances and drug products. For drug substance
and drug product forced degradation conditions are specified in
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Section II and Section III respectively. Forced degradation studies
exposure levels are not defined. Solid or in solution/suspension,
photo stability testing can be performed. These samples are
then used to develop a stability indicating method. Some of the
degradation products formed during forced degradation studies
may not really be experiential to form during stability studies in
which case they need not be examined further [1,12].

accelerated stability studies (6months). But intermediate studies
(6months) can be performed at conditions lesser than that used
in accelerated studies. After stability studies the separation,
identification and quantitation are carried out [18,19].

ICH Q3A (R2): with respect to both chemistry and safety prospects
the identification of each impurity is required. The chemical
prospects include classification and identification of impurities,
report creation, catalogue of impurities in the specification and
a concise discussion of analytical methods. The safety prospects
include specific guidance for qualifying those impurities that
were not present or were present at significantly minor levels in
batch of a new drug substance [11-13].

During pre-IND: During formulation Studies: stability indicating
quality attributes, degradation routes. For pre-clinical studies:
degradants, identification of toxic components

ICH Q2B: Gives guidance to validate the analytical methodology.
To prove specificity, in section B 1.2.2 (impurities not available)
there is a suggestion to utilize samples from forced degradation
studies. Whether the analytical method is stability indicating or
not ‘specificity’ is a key factor [6].

Objective for forced degradation [5,14-16]:

a. To develop degradation pathways of drug substances and
drug products.
b. To recognize the chemical properties of drug molecules.
c. To elucidate the structure of degradation products.
d. To resolve stability-related problems

e. To establish the intrinsic stability of a drug substance in the
formulation.

f. To reveal the degradation mechanisms of the drug substance
and drug product.

g. To distinguish degradation products that is related to drug
products from those that are generated from non-drug
product in a formulation.

h. To generate stability indicating nature of a developed
method.
i. To produce more stable formulations. It also helps in
determining the expiry date of a particular formulation.

j. To generate a degradation profile similar to that of what
would be observed in a formal stability study under ICH
conditions.

When to perform forced degradation studies?

To perform forced degradation studies for the development of
new drug substance and new drug product the time to perform
it is very imperative. According to FDA guidance, phase III of the
regulatory submission process is the prominent time for these
studies. To establish the stability of the drug substance forced
degradation studies should be done in different pH solutions, in
the presence of oxygen and light, and at elevated temperatures
and humidity levels. The forced degradation studies are conducted
on a single batch. The outcomes should be summarized and
submitted in an annual report [17]. The stability studies include
two types of studies that is long term studies (12months) and

Forced degradation in pre-clinical phase or phase I of clinical
trial is encouraged, which provides sufficient time for identifying
degradation products, structure elucidation and optimizing the
stress conditions [20-22]. Improvement in the manufacturing
process and proper selection of stability-indicating analytical
procedures is obtained by early forced degradation studies.
According to FDA the forced degradation studies performed
[20,23]:

During clinical development:
a.

Comparing pre-clinical to clinical quality

c.

In-use stability

b.

Comparing pre- to post- manufacturing changes

Post-marketing: usually studies are not performed but
following points considereda.

Identified new stresses

c.

Additional indications

b.

Manufacturing changes

Strategic development of Forced Degradation:
The structural multiplicity of drug molecules makes it difficult
to develop the generic set of conditions for a forced degradation
study. The selected stress conditions should be reliable with
the product’s decomposition [8]. The selected condition should
include products property and its degradation under normal
manufacturing, storage and use conditions. General protocol
Figure 2 illustrates the approach for forced degradation [1,6].
Forced degradation factors necessary include acid and base
hydrolysis, thermal degradation, photolysis, and oxidation and
may include freeze–thaw cycles and shear. General conditions
used for forced degradation were illustrated in Table 1 [1,6,24].

Various degradation conditions

Hydrolysis: Over a wide range of pH most common degradation,
chemical reactions are Hydrolysis The decomposition of a
chemical compound by reaction with water is called Hydrolysis.
In acidic and basic hydrolysis the catalysis of ionisable functional
groups present in the molecule occurs. Forced degradation of
a drug substance occurs when the drug interacts with acid and
base. It produces primary degradants in the desirable range.
Depending on the stability of the drug substance the class and
concentrations of acid or base taken should be decided. For
acid hydrolysis hydrochloric acid or sulphuric acids (0.1-1 M)
considered to be most suitable whereas sodium hydroxide or
potassium hydroxides (0.1-1M) for base hydrolysis are suggested
[8,25]. Co-solvents can be used if compounds are poorly soluble
in water. Forced degradation started at room temperature and
further temperature increased if there is no degradation [25].
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Oxidation conditions: For oxidative forced degradation,
hydrogen peroxide is broadly used. Apart from this as metal ions,
oxygen, and radical initiators: azobi-isobutyro-nitrile, AIBN can
also be used. Drug structure will allow selecting concentration
and condition of oxidizing agents. An electron transfer mechanism
occurs in the oxidative degradation of drug substance [26].
Photolytic conditions: The light exposure does not affect the drug
substance for this purpose photo stability is conducted. Photo
stability studies are performed to produce primary degradants of
drug substance by exposure to UV or fluorescent conditions. In
ICH guidelines some recommended conditions for photo stability
testing are described [27].

Samples of drug substance and solid/liquid drug product
should be exposed to a minimum of 1.2million lx h and 200 W h/
m2 light, 300-800 nm is the most commonly accepted wavelength
of light to cause the photolytic degradation [28]. 6 million lxh is
the maximum illumination recommended. Photo oxidation can be
caused by light stress conditions by the free radical mechanism.
Photosensitive groups are carbonyls, nitroaromatic, N-oxide,
alkenes, aryl chlorides, weak C–H and O–H bonds, sulfides and
Table 1: Conditions for Forced Degradation Studies.

polyenes [29].

Thermal conditions: Thermal degradation (e.g., dry heat and
wet heat) should be carried out at more strenuous conditions than
recommended ICH Q1A accelerated testing conditions. Samples of
solid-state drug substances and drug products should be exposed
to dry and wet heat. Liquid drug products should be exposed
to dry heat. For a shorter period studies may be conducted at
higher temperatures. Through the Arrhenius equation the effect
of temperature on thermal degradation of a substance can be
studied [30].
Where k is specific reaction rate, A is frequency factor, Ea is
energy of activation, R is gas constant (1.987cal/deg mol), T is
absolute temperature. Thermal degradation study is carried out
at 40-80˚C.
Humidity: Humidity is one of the effective factors in establishing
the potential degradants in the finished product and active
pharmaceutical ingredient. Normally 90% humidity for the
duration of one week shall be recommended for the establishment
of forced degradation samples [31].

Degradation Type

Experimental Conditions

Storage Conditions

Sampling Time (days)

Hydrolysis

Control API (no acid or base)
0.1M HCl
0.1 M NaOH
Acid control (no API)
Base control (no API)
pH: 2,4,6,8

40˚C, 60˚C
40˚C, 60˚C
40˚C, 60˚C
40˚C, 60˚C
40˚C, 60˚C

1,3,5
1,3,5
1,3,5
1,3,5
1,3,5
1,3,5

Light 1 × ICH
Light 3 × ICH
Light 3 × ICH

NA
NA
NA

1,3,5
1,3,5
1,3,5

Oxidation

3% H2O2
Peroxide control
Azobisisobutyronitrile (AIBN)
AIBN control

Photolytic
Thermal

Heat chamber
Heat chamber
Heat chamber
Heat chamber

3/5

25˚C, 60˚C
25˚C, 60˚C
25˚C, 60˚C
25˚C, 60˚C
25˚C, 60˚C

60˚C
60˚C /75% RH
60˚C
60˚C /75% RH

1,3,5
1,3,5
1,3,5
1,3,5
1,3,5

1,3,5
1,3,5
1,3,5
1,3,5

Figure 1: Forced Degradation Submitted Data.
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Figure 2: Approach for Forced Degradation.

Characterization by analytical techniques
Various methods can be used for the identification and
characterization of forced degradation products. Most chosen
method of analysis for a stability indicating assay is reverse-phase
high-performance liquid chromatography (HPLC) [31]. RP-HPLC
is chosen because its compatibility with aqueous and organic
solutions, high precision, sensitivity and ability to detect polar
compounds. Further a prominent method development is done
by selecting appropriate column type, column temperature, and
making an adjustment to mobile phase pH [32,33]. Early elution
of highly polar compounds and retention of non polar compounds
achieved through gradient elution. Various environmental
condition stressed samples can also elute by gradient elution.
Solvents and mobile phase should be compatible with the drug
substances [34]. Acidic and basic stressed samples should be
neutralised before analysis Dilution of samples should be carried
out depending on the analytical technique used. The calculation
should not include blank. Based on stability results degradation
product identification and characterization shall be performed
with ICH requirements [6,34] Conventional methods (e.g.,
column chromatography) or hyphenated techniques (e.g., LC MS,
LCNMR) can be used in the identification and characterization
of the degradation products. LCMSMS play a significant role
in the development of whole degradation pathway of the drug
molecule. The fragments of the drug substance will facilitate the
development of degradation pathway [35].
By suitable LC-MS conditions, the mass numbers of impurities/
degradants get confirm and further identify the mass of major
degradants which are found to be forming greater than 1.0%
during stress studies. LCMS help to illustrate the structures of
the major degradants. Similar molecular weights compound may
exhibit similar UV profiles, in such cases; attempts must be made
to modify the chromatographic parameters to achieve necessary
separation. To detect and quantitation of all the potential
impurities and degradants an optimal wavelength should be

used. The developed method should be validated as per the ICH
guidelines [36-38].

Conclusion

Forced degradation studies are the prominent way to develop
degradation pathways and to identify the degradation products
of the active ingredients, further it facilitates the elucidation of
degradants structure. Forced degradation studies also facilitate
the chemical and physical stability analysis of drug substances and
drug products. This assists to develop formulation manufacturing
conditions, storage conditions and determine the expiry date of a
drug formulation.
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