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Stability Prediction of Drug Substances using Thermal Analysis
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A stability test is one of the tests which are required the longest time in a development
of a drug. For quick release of new drugs to the market, it is indispensable to estimate stability
speedily from exact information in preliminary stability tests, and to minimize idle time at an
early developmental stage. However, it is technically difficult to predict exactly in a short time
before a stability test, what decomposition will occur.

We developed a new stability prediction method using thermal analysis to solve the problem.
This method is very speedy; it only takes two weeks to predict stability of a drug substance in
detail. The operations are simple; mainly thermal analysis and liquid chromatography. The method
is performed by minimum 1 mg per measurement. And total amount of sample being necessary
to predict stability is approximately 20 mg. The sample quantity is so little that the method can
be used even at an early developmental stage when production scale is small. Furthermore, the
accuracy and the precision of prediction using the method are equivalent to or better than those
of 6-month preliminary stability tests. This method is very widely applicable to chemical materials
including pharmaceutical raw materials, pharmaceutical intermediates, agricultural chemicals, and
pesticides.
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Fig.1 Schematic view of the TG/DTA (from upper side)
using for a stability prediction. The atmosphere
gas inlet is attached to the furnace tube. The
humidified atmosphere gas can flow in the furnace
tube by heating the path.
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Fig.2 TG/DTA and temperature data of a vitamin D

derivative in atmosphere of oxygen gas. Store
the sample for 2 hours at each 10 degrees rise
in temperature. The change of TG or DTA data
did not appear at each temperature under 800.
The response in weight by heat generation
appeared at 900.

Tablel Types of decomposition in various atmosphere.

Atmosphere Gas Decomposition

Nitrogen Pyrolysis

Oxygen Pyrolysist Oxidation

Humidified nitrogen PyrolysisO Hydrolysis
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Fig.3 The liquid chromatograms of a vitamin D derivative.
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Arrhenius formula

Table 2 Reproducibility of the Pyrolysis with TG/DTA.

Fig.4 The principle of the stability prediction by
chemical kinetics. Arrhenius formula is calculated
from results of accelerated conditions at high
temperature. Arrhenius plot is put outside to a
low temperature side, and the decomposition
velocity at low temperature is predicted. k:
velocity constant. A: frequency factor. Ea:
activation energy. R: gas constant. T: absolute
temperature.
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Ilnk=IlnA—Fa/R-1/ T Time/min. Temp./O Remaining®d/%  RSD/%
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a) Results analyzed with liquid chromatography.
b) Experiments on other day.
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Fig.5 Arrhenius plot of pyrolysis on drug substance of
antibiotic. The approximation line is calculated
by the least-squares method based on the data
of nineteen points from six temperatures. ad 80,
bo 30, coo30.
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Fig.6 Arrhenius plot of hydrolysis on drug substance
of antibiotic (Lot. A). They were decomposed
in atmosphere of humidified nitrogen gas from
700 to 1000. The result was placed on Arrhenius
plot, which performed a stability test at 50 for
three years.
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