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Amorphous solid dispersion is an important formulation technology to improve oral absorption of poorly soluble
drugs, where crystallization tendency of the active pharmaceutical ingredient (API) must be comprehended well.
Crystallization tendency of API can be estimated by observing crystallization during cooling/reheating of the melt.
Though the crystallization during cooling/reheating cannot be directly correlated with crystallization tendency during
isothermal storage, which is of great interest in pharmaceutical industry, it provides many insights regarding
crystallization mechanism. Initiation time for isothermal crystallization can be explained only by a ratio of glass
transition and storage temperatures under well-defined conditions, where knowledge on crystallization tendency is
important for expecting other influential factors such as surface area. In this article, assessment of crystallization
tendency of pharmaceutical glasses and its relevance to pharmaceutical developmental study is introduced.
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Table 1 Characteristics of  Compounds  with  Low
Crystallization Tendency.
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Fig.1 (a) DSC cooling curves of haloperidol from the melt.
The cooling rates are presented in the figure. (b) DSC cooling
and reheating curve (10 “C/min) of acetaminophen from the
melt. (¢) DSC cooling and reheating curve (10 °C/min) of
loratadine from the melt.
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Fig.2 DSC heating curves (10 °C/min) of celecoxib glass.
Celecoxib was first melted above its melting temperature,
followed by cooling at 20 °C /min to the temperature shown in
the figure. Then, the quenched glass was heated from those
temperatures. %
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Fig.3 DSC heating curves (10 °C/min) of freshly prepared and
annealed tolbutamide glasses. The annealing was done at 30 °C
for 45 min. The glasses were crystallized to form IV at ca. 40-50
°C. The crystallinity was calculated from the crystallization
enthalpy.®
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Fig.4 Evolution of crystallinity of tolbutamide glass during
isothermal annealing as a function of time. The temperature
conditions are shown in the figure. Avrami-Erofeev equation
(Eq.(2)) was used for the fitting.”
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Fig.5 Initiation time of crystallization (¢,) as a function of

TJ/T. q or FD represents that the glass was prepared by
quenching or freeze-drying, respectively. The numbers indicate
classification of the crystallization tendency. The universal line
is the best fit for the class I and II compounds.

=R RERLENRIR TE 5, E L by —2
DEfRE—2 LERDE, KRFEOHBMITNREL 22, £
MDY T H =T =2V ATONTIE, FEEbITeE 5 B
BEEICHRT 2= T4 VL L0 AL 2 Ko
7. ©

X(%) = 100(W — W,)/AW 3)

ZITWEWET==V 0%, BROZEORIDITKE
il - AL TR ONIEREOBIR TH Y, AW (33
HLMRmOBRRAETH D,

7 7 A 3LEWIFFRPITHERL Lianizw, @ik
ZNE—R Y RERE L RO T2 2T M T 05,
ERAANIRZETEO I Th 575, WA % SRS 3
5L ET IV RISHERIET 2 2 L, FEsRLEIERET
ROOND,

X(%) = 1OO(I{m/f]ml )(Hm-ll/Hm-IV)a (4)

Z 2 C Hy, Hyiy Hyty, Hyoy 1 3ENE, ZEHRREROY
TV, RO, A%, IV RS ORR= o 2 L
vE—TH 5,

Fig.5 13, AWM ERSM T 10%E k3 DR 1
%, TJT OBE LTEEDEbLDOTHD, O HITRT
WY, 77 A1, 2{bAMORERALBIAREEIE 1 ADE#R
Universal line Tt TX, NS DILEMOREEL %2 R
TLHHRFPDBETHD Z N DhD, 77 A 3LEWITS
FREMEERICE D EEILIND 728, fEdbBHiGRR IX
b X iEL 225D, Universal line DfE LD RdDHNB
EMAL T R L =12 500 kI/mol BREETH Y, Tkt
EEMNIZFIRE O FEDE) (CXEEhD & & O iR
Wc& 2,

Table 2 |2, LMD Avrami E¥ %79, © 75 % 1
BT 25 2{bAoEIL 4 fHaTh Y, H—%4ERK - 3
TERREIC L B ERN TR END, 7 TABKELRBIT
SN T Avrami EEIT/NE L 20, B & U TRARNARY
—ZRB LD ERTE D, DV I TANRKEL 2BHIT
EREbic T 277 L — NIENREEIC D720, £
HEEOREL V2RI < bbb Ebhns,

Netsu Sokutei 46 (1) 2019



B & 2 BRI SRR O RS b A

Table 2 Avrami exponents for isothermal crystallization.”

Classification ~Compound Avrami exponents
1 Tolbutamide 3.7-4.6
Chlorpropamide 3.0-4.2
II Acetaminophen 2.1-3.0
Nifedipine 2.0
111 Ritonavir 22-3.1
Indomethacin 1.0-2.6
Loratadine 1.1-1.5
Probucol 1.2-1.3
100 60°C, quench
50°C, FD
80 - 50°C, quench
3
Zz 60
£
E 60°C, FD
2 40 -
(¥}
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Fig.6 Comparison of crystallization curves of ritonavir glasses
prepared by freeze drying (FD) or quenching. The temperature
conditions are shown in the figure. Avrami-Erofeev equation (Eq.
(2)) was used for the fitting.”

Table 3 Crystallization parameters for ritonavir glasses
prepared by FD or quenching.”
50 °C 60 °C

Quench FD Quench FD
k(@min")  3.99x10"°  6.29x107  2.51x10°  2.70x107
n 22 1.8 3.1 1.6
fo(min)  6.72x10* 580x10° 4.47x10° 811
Crystal v I v I
form
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Fig.7 Effect of preannealing at 40 °C for crystallization of
ritonavir glass at 60 °C.'”
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Table 4 Relationship  between  crystallization  tendency
classification and glass properties.

With increase in the classification number,

v Nucleation becomes more heterogeneous

v Nucleation barrier becomes larger

v Surface effect becomes more important

v Stabilization becomes possible by thermal treatment

v The universal line in Fig.5 is applicable for class I and II
compounds. Class III compounds have higher stability.
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