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Evaluation of Crystallization of Amorphous Drugs by Thermal Analysis
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About half of candidates for active pharmaceutical ingredients are poorly water soluble

compounds. Amorphization of poorly water soluble drugs has attracted much attention due to

improved dissolution characteristics and bioavailability of amorphous drugs.

On the other

hand, crystallization during storage is of concern for amorphous drugs. Therefore, evaluation

of crystallization of amorphous drug is important for developing stable pharmaceuticals using

amorphous drugs.

In this article, feasibility of thermal method such as differential scanning

calorimeter and isothermal microcalorimeter for evaluating crystallization of amorphous drugs

and research topics on the crystallization of amorphous drug are described.
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Fig.1 Typical DSC traces for crystalline and amorphous
nifedipine (a, b), nitrendipine (¢, d) and
nilvadipine (e, f).
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Fig.2 Calibration curve for amorphous lactose in the
physical mixture of freeze-dried lactose and
lactose hydrate.
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Fig.3 Typical time courses for crystallization of

amorphous drugs stored at 60 (closed symbol)
or 45 C.

A, nifedipine, 60 C; W, nitrendipine, 60 C; @,
nilvadipine, 60 C; A, nifedipine, 45C; *,
phenobarbital, 45C; +, flopropine, 45C; X,
acetaminophen, 45 C.
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Fig.4 Temperature dependence of f99 for amorphous
nifedipine ([J), nitrendipine (A) and nilvadipine
O & 10V
Relative humidity: [, &, O, 0%; @, 11%; V¥,
23%; @, 56%; ®, 15%.
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Table 1 Thermodynamic parameters of amorphous

drugs.
Drug AGv at Tg T, Tm AH,
Jm-3 /C /C / kJ mol ~!
Nifedipine 3.13 41.3 172.5 37.9
X107 +0.2 +0.5 +0.8
Nitrendipine  3.07 27.1 156.0 39.0
X107 +0.4 +0.6 +0.5
Nilvadipine 2.77 42.8. 168.1 39.1
X107 +0.4 +0.4 +0.7
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Fig.5 Time courses of crystallization of (+)-
nitrenndipine (closed symbols) and (-)-

nitrendipine (open symbols) in the absence
(2, A) and presence of 10%PVP (O, 4) or
10%HPMC(O, @) at 60 C.

Table 2 19 for crystallization of nitrendipine

enantiomers.
T/ C Polymer too / h
(-)-nitrendipine (+)-nitrendipine
40 None 41 41
10% HPMC 235 230
50 None 5.7 5.7
10% PVP 250 250
10% HPMC 17 25
60 None 1.1 1.1
10% PVP 25 25
10% HPMC 3.9 6.8
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Table 3 Cohesive energy density of nitrendipine
enantiomers at 25 C.

BEZE DR A LR

polymer Cohesive energy density / X108 Jm 3
(S)-nitrendipine (R)-nitrendipine
None 5.36 5.37
PVP 5.00 4.93
HPMC 5.56 5.58
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Fig.6 Typical heat flow-time curves of amorphous
nifedipine and phenobaribital at 65 C.

Heat flow / uW

Amorphous drug remaining

Fig.7 Comparison of amorphous nifedipine remaining
estimated from IMC (---) and DSC (A).
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Fig.8 Effect of relative humidity in the ample on heat
flow-time curve of amorphous nifedipine at 50
C.
Relative humidity: b, 22%; c, 40%; d, 56%.
a: ample was purged by dry nitrogen before
the ample was closed.
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Fig.9 Effect of thermal history on heat flow-time curve
of amorphous nifedipine at 50 C.
a, initial; b, -20 C for 17 months; ¢, 5C for 40
days; d, 25C for 2days.
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Fig.10 Effect of particle size on heat flow-time curve
of amorphous nifedipine at 25 C.
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