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Molecular Mobility of Glassy Pharmaceuticals
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Although use of glassy state for pharmaceutical formulations is not a new idea, it is

recognized again as a promising formulation technology to enhance dissolution rate due to increase

in poorly soluble candidates. However, because of its low physical/chemical stability and difficulty

in industrial manufacturing, number of commercialized formulations has still been limited. In

this review, molecular mobility of glassy pharmaceuticals is introduced with great emphasis on

its effect on the physical/chemical stability.

Keywords: glassy pharmaceuticals; molecular mobility; relaxation

1. LIS

AR DB IS\ BV T U, 5k WA 29 12
B LA A RINT 2 2 L ARG 75TV B b
DO, EBIIE OB HLEWA B E 552 b
PeL TR TRz, & ISR - B L &
Wk LCEIRE NS4, GIRIUE I HE 202 2 2 ka0

L7z, fEELIKIE & B L TS DS W A T AIRTERS,

FOBEANCTEE L CGEIRENL ZED3H 5,19 Lo LiE
WHN A T ZIREEATFERIG BRI ST b —J5C, &1

PHENZAT T AR SN T BHIEH TN L kv,

ZOFERMEMELT, UTOREZETEI LN TE S,

(1) BN | ESRNE B CERL SN A
ZOWERAF IR LR s, SORANL RS
EHEMT 52 L%V, EinllES b ki
M bo EH12, RINRIIREOLENLE FHlT 5
THEDAHEL

(2) LW LERDRND L RTF RO &9 &5 T3
WOBEE, I AL o TH LARELT A2
EN BT, O TR TIRZEE LR BB T AdR
BABNT LI L bH D, 7272 LIRITEANE R
WS T CTH Y, TEWIEA T AL > TR
T3 %,

HFR 2 LRSI EEFI DY A3k & ik L
LTHV, SSEERC X o CTHHLICRBSTE 5,
FECVFH DYy 6 ZEEAKEESE DS R D720, TR
MY B2 L CIIAREE LB L 22D, Fh
VSIS L 73R i ATRD S5 o MOFHTED
FHENTWDH, — i & L CORBENK
Vg

JFIEDONY ) 2 7LD LT ARSI
SRPEEE & IS 5 & W, AR S ok
AT C, BIFUL TR BT AN Y B v 7 A8
LWZ ED% W,

3

~

(4)

© 2008 The Japan Society of Calorimetry and Thermal Analysis.

Netsu Sokutei 35 (4) 2008

185



Unstable
Glass

c

Enthalpy

Temperature

Fig.1 An enthalpy-temperature diagram of glassy and
Tg:

temperature, Tm: melting temperature.

crystalline materials. glass transition

B - ALEFERREE LR B L T b, T AIRBED Y HL
2D B, EHEGE LTHSRICHFATE VL 0l
WL TH B HT AMEREE, FT AREOE VR
MO ZIE L TIRHEN TS 720, ETIRE S
CNEZOREHPHRATELLZ>TLEHI 2D TH 5,
SFIERIVEE A T ARBIRE LT CIRIEF IS wEE 2
LNLTWA DD, ZNTHiEIZIZ+nTh s
TIE, 7T AMEETIBNT, SRR - L
SNBSS 2 BB O W B,

o
2. IBERME D TFERE

RESEAERIO 1D LAk, # T AR RIS H ISR 2L %
I, TAVF—ICHFZIREL G T 288 TH 5,
DSC 7% EQFMTB TRALBIE 2 5Hii§ 2 5551218, =~
TV —ZALERBIET L LI b7, Ty Y IVE—§E
MEEBENDZ LB E\, Figd 12 T AIRRE & S RAE
O, WEEZYINVE—DBRERT, & 5LEW ik
REED LGS & (Mhha —b), WHIIRIS Tn UF TR
b 2Se 2 %o L LI EIEEE 25143 1 S B A 1 2l
HUREEDS O N, TN E S HIEHTL V7 L E =L
IREOBRIRIAE L 5, ZoEEIE () 2555 A
RN TH), TOREDTICEHNTL L (Kb — ¢,
ANEER T T AIRFEDHE S N D, WaZZEIRAELS, WA
ROARMA~OIHTR L (Kb - d) LHEZBNTWA,

|

- -
0w —

o
oT

Gy

P

186

1E+05
1E+04 |
S
<=
~
[}
£
= 1E+03
=
2
=
>
= 1E+02
[}
(a2
1E+01 L L
0 20 40 60 80 100
Time / hr

Fig.2 Simulation curves of structural relaxation time
during annealing of sucrose-like materials at
40 C (upper) and 50 C (lower).
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Fig.3 Visualization of thermal history for various

preparation methods of glassy pharmaceuticals.
The final state of the product is identical for
all the preparation methods as shown by the
closed circle. Note that the history of the
preparation methods that use solvents (shown by
white letters) cannot be drawn precisely in this
figure, because composition changes during the
preparation. T.n: ambient temperature, Tg: glass

transition temperature, Ti: melting temperature.
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Fig.4 Dependence of rate constants of nucleation and

crystal growth processes on temperature. (a)
Physically stable glass (b) Physically unstable

glass.
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Fig.5 Time profiles of relaxation enthalpy for
glassy nifedipine (4), phenobarbital (O), and
flopropione (X). The solid lines were generated
by fitting the data to the KWW equation.
Temperature: nifedipine, 30 C (T, —18.6 C);
phenobarbital, 25 C (Te —
45 C (Ty—17.1 C). (Reproduced from reference
[25] with permission of Wiley-Liss,

20.4 C); flopropione,
Inc., a
subsidiary of John Wiley & Sons, Inc.)
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Fig.6 Time required for 10 % of glassy nifedipine

(&), phenobarbital (O) and flopropione (X) to

be crystallized, 799, as a function of scaled
temperature, 7 — 7. (Reproduced from reference
[25] with permission of Wiley-Liss,

subsidiary of John Wiley & Sons, Inc.)
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Fig.7 DSC heating curves of glassy trehalose annealed

at 100 C. The heating rate was 10 ‘C min .
The annealing time is given above each of the
curves. The intact (freshly freeze-dried) sample

served as control.
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Fig.8 Photostability of glassy nifedipine formulations

(nifedipine/ polyvinylpyrrolidone K25/mannitol =
5/9/1) prepared by hot melt extrusion method.
The temperature of the
formulation was about 90 T (DSC onset

temperature). One of the formulations was

glass transition

annealed at 83 C for 3 hours prior to the stability
test. The lamp used was of D65 type (7140 lux).
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Fig.9 10 % degradation time (7o) of Ethacrynate sodium
salt in mixtures with sucrose (@,0), trehalose
(M,[J) and polyvinylpyrrolidone (A,A) plotted
versus structural relaxation times. Closed symbols
indicate 1:10 mixtures and open symbol indicated
1:3 mixtures. Relaxation times directly measured
at 50 C using isothermal microcalorimetry are
shown as dark symbols and theoretically
calculated relaxation times at 60 C and 70 C

are shown as grey symbols.
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