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6.2.6. Acceierated Hdtability resting AR BeAapmrem e

Dating of Pharmaceutical Dosage Forms -
Accelerated stability analysis is designed to predict stability and shelf-life of
formulations under normal or recommended storage conditions by carrying out
the study under accelerated conditions of temperature, moisture, and light.

In accelerated stability testing, a product is stored at elevated stress conditions.
Degradation at recommended storage conditions could be predicted based on the
degradation at each stress condition and known relationships between the
acceleration factor and the degradation rate. A product may be released based on
the accelerated stability data, but the real-time testing should be done in parallel
to confirm the sheif-life prediction.

Temperature is probably the most common acceleration factor used for
chemicals, pharmaceuticals, and biological products since its relationship with
the degradation rate is well characterised by the Arrhenius equation. This
equation describes a relationship between temperature and the degradation rate:

s=en 21
= AeEX —_—
£ RT

This relationship can be used in accelerated stability studies when the following

conditions are met:

1) A zero- or first-order Kinetic reaction takes place at each elevated
temperature, as well as at the recommended storage temperature.

2) The same model is used to fit the degradation patterns at each temperature.

Humidity and pH can be used along with temperature to accelerate degradation,
but modelling of multi-factor degradation is very complex.

6.2.6.1. Objectives of Accelerated Stability Studies
Accelerated stability testing is generally undertaken with the following

objectives:

1) To serve as a rapid means of selecting the best formulation from amongst a
series of similar formulations of the product.

2) To predict the shelf-life of product.

3) To serve as a rapid means of quality control.



Physical l’hill’l“.’lc.;-““(:&l”
152
irati ati . the time interval for which 4
6.2.6.2 Expiration Dating jrug is the time intervai f which dfllg
igeahm i ating (or shelf-life) olac ,mpr()vcd shelf-life spClelcu“(m
The expiration d.mnﬁ o ‘,lsmuin within an ';()rilgc conditions and is packeq in‘
D e 1 L‘x'pc'm:orc(d -lécordi"g Lo '“hCI.b is the actual date placed op the
ovided that 1t 18 stored & reniry i ! c pl ‘
prov 1d.u? th nl" ainer closure syslcm..LXP_ yr the time after which it shoulq noy
the original L.([)lllldlll]‘(_ dm.g roduct Jesignating
container or label ol a
ve used. ' o
. bility testing that monitors chemical an
: stabl ) '

In general, this is answered lhroughf;nction of time, temperature, and ofh,,
physical product attributes as 2
environmental factors:
1) Expiration date related to

be derived on the dat ined T
programme using a reliable stability-indic

ild include:
Rl pmgrammefShout]:i:l?r:iuper sample time,

' and sizes of con . |

1)) ? m:b;rsof drug product in the marketed container closure system g

11 estin -
appropriate storage condition(s), and | |
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a L,
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3) Tentative expiration dates can be assignegi based on data from accelerated
stability studies. A rule of thumb for solid 'dosage forms alloyvs a 2‘)’631’\
lentative expiration date at room temperature if the drug has retained 90 of
its original potency after 90 days of storage at 40°C and 75% relative
humidity. |

4) Long-term stability studies should be conducted to confirm the predicted
expiration date.

6.2.6.3.  Accelerated Stability Study Profile
The profile of accelerated stability study is given in the table 6.2:

Controlled room temperature 20-25°C 40°C

: and 759 :
Refrigerated condition 2-8°C o RH for 6 months A‘

25°%C |
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yug Seability (Chapter-6)

e value of K is obtained, if the slope of this line is determined from the

1
e value of k is substituted

results Of temper ature by extrapolation. Further, th
in approp rlat}:h()errc;(;r of reaction allowing the amount of decomposition after a
given time. ore, for the determination of this order some preliminary
experlments are necessary:

K = Ae™

Log K =Log A — E/2.303*RT

Where, K= Rate constant.
R= Gas constant (1.987 cal/mole).
T = Absolute temperature.
A = Frequency factor.
E, = Energy of activation.
Ty0% = (2.303/K)*(1og100/90).
Toos = (2.303/K)*(1og100/10).

Methods
The steps involved in Garret and Carper method are:

i) Samples of thg: drug product are kept at 40°C, 50°C, and 60°C.
ii) Drug content 15 determined at all the three storage points by taking a few
samples and determining their mean drug content for a few weeks.

ii) A graph between time and log concentration is plotted for each
temperature (figure 6.8).

In the next step, a best fit line is
the log K or log of reaction consta
obtained is the Arrhenius plot whic
for the calculation of shelf-life.

drawn by taking 1/T X 10° on x-axis and
nt on y-axis (figure 6.9). The line
h is extrapolated to get k at 25°C

iv)
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Figure 6.8: Accelerated Breakdown of Drug at Elevate
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Figure 6.9: Arrhenius Plot for Predicting the Rate Cons
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Expiration date at 25°C = Initig|
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25°C
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s Followin® ion rate at
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ation date at 25°C (&) =

:rst-Order: Expir
ate at 25°C.

tency / reaction r

Y, = Initial potency-
y, = Final potency.

K, = Zero-order constant.
K= First-order constant.

Where,

of Arrhenius Relationship for Stability Prediction
ion becomes invalid:

In the following given conditions, the Arrhenius equati
solvents may evaporate resulting in unequal

i) At higher temperature,
moisture concentration at different temperatures.
d oxygen decrease the stability

Limitations

ii) Parameters, such as moisture an of drugs
at higher temperatures.
iii) Physical characteristics of dispersive systems may alter due to the

increase in temperature. When the temperature increases, viscosity of the

system decreases, resulting in potentially large errors during stability

predictions.

Despite of these dr'awbacks, accelerated stability studies of pharmaceutical
products are useful in predicting shelf-lives more accurately.
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expiration date and shelf-life are calculated.
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days at 25°C 40°
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Days to 90% (log scale)
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Figure 6.11: Plot of ty against 1/T to find Predicted Shelf-Life at 25°C

6.2.6.5. Limitations of Accelerated Stability Studies

Limitations of accelerated stability studies are:

1) Accelerated stability studies are applicable only W
responsible for the breakdown of pharmaceutical substances.

hen temperature is

2) These studies are applicable when the activation energy is around 10-‘
30kcal/mol. Most of the reactions in solution phase have the same value of
activation energy. If the activation energy is less than 10kcal/mol, the

reaction proceeds at room temperature.

In such a situation, increased temperature does not affect the decomposition
reaction. If activation energy is higher than 30kcal/mol, decomposition

reaction is enhanced by higher temperature.
3) Results obtained from one set of conditions for a preparation are not
applicable to the other preparation of the same drug.

4) If degradation is influenced by microbial contamination, photo-chemical
reaction, or diffusion, the elevated temperature has no role in stability

prediction.

5) If product loses its physical integrity at higher temperature (like, denaturation
of proteins, coagulation of suspending agents), stability studies do not have
any importance.

6) At elevated temperatures, the order changes making the predictions invalid.
for example, suspension following zero-order changes to the solution

ollowing first-order reaction at higher temperature.
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