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Gelation of small molecule amorphous drugs
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Abstract: Compared with crystalline drugs, their amorphous forms present long-range disordered molecular
arrangements, and often exhibit higher apparent solubility and dissolution. However, several small molecule amor-
phous drugs may exhibit gelation phenomenon during the dissolution process, and show abnormal dissolution
behavior with significantly lower dissolution than crystalline drugs. The current study aims to discover the relation-
ship between the gelation of amorphous drugs and their abnormal dissolution, and further explore the internal
gelation mechanism. Amorphous simvastatin (SIM), carvedilol (CAR), and irbesartan (IRB) were prepared by melt
cooling method and characterized via X-ray powder diffraction (XRPD), differential scanning calorimetry (DSC),
and Fourier transform infrared spectroscopy (FT-IR). Gel formation causes the dissolution of these three amor-
phous drugs to be significantly lower than their crystalline state. The formed gels were characterized as three-
dimensional dense network structures by scanning electron microscope (SEM). Furthermore, amorphous SIM,
CAR and IRB showed the critical gel temperature at 8-15 °C, 25-30 °C and 45-50 °C, and amorphous CAR and
IRB showed the critical gel pH at 1 and 0.25. The mechanism of gel formation was proposed to be closely related
to the transformation of amorphous drugs into the supercooled liquid state (as the important driving force) and the
protonation induced self-assembling under acidic conditions. In addition, the wettability and properties of amor-
phous drugs also affect the formation of gelation.

AR H #: 2020-09-08; &[] H JA: 2020-10-28.

FEETH: BHK B AR AR 4R BITH (81703712, 81773675, 81873012); H [ 258} K W —ii " & 5 H (CPU2018GY 11, CPU2018GY27).
*JE I {F & Tel / Fax: 86-25-83379418, E-mail: amicute@163.com

DOI: 10.16438/j.0513-4870.2020-1466



- 856 - Z4%% %4 Acta Pharmaceutica Sinica 2021, 56(3): 855 —864

Key words: amorphous; dissolution; gelation; supercooled liquid state; temperature; pH

H AT £ 75% ¥ 245 {5 3k 25 ) J& T AW 245 750 2 O 2R
% 4 (biopharmaceutical classification system, BCS) Il
BV 25402, ARV A PR R I HY T8 O 48 B BIR ) )
A= MR EERNER. BaRSAMLERLE, T
ERSBKBELFN 2 THES, 2 BRI R &
(1) 2 W5 il B2 S s i e B4 SR, T e TR AL T+ )
FAKER, B BOE I 2 H  An I B H AR, 5]
FE I RN FE (R 38 53R BN 5 T, 3 H B8] 2 O A A
B IR B S AR 25 D L OKCPRE, — ik
SR, KT PR 45 5 I 259, WG S8 TR B HE At VT 450
22 05 B8 A2 I, 45 H T 06 ) 6 5 T 2 i G ik 31 e {5
WSS TG AE JL 2 Eh 28 1 h P S B A 22 A 0 7 L
7K (B spring up A1 spring down ¥ Hi #5784 1 % T8
A 25, WG E TE Ak i JEETRT T DLy 300 G
£ — BN 18] PN 22 30 H 45 v 1) 3 LV A FiE, B s 2 1 B
R ZE A1 KF (Bl spring 1 parachute 7% H
RERL) o A FC R IR, IX i 22 18 TG 1) ¥ H e 2 e B 3t
R FLR B B BEE 1 (Ostwald's law of stages), Bl ¢ =2
T 245 W A6t n] T 2 8 O A2 AR, T TR) AR R AR B
A (E] 1), R, 5 R PIAE R A, — L
NGy TG E T ZPAE T o R AR A SR I B 25K T
RGN S AT N, JEPEBE IR AL I R B R A .
5T R I, T e T 6 B8 & vE R 75 37 °CIE it #E
o LSRR AT R R 2R BB AL IR, X 33
TCE TEAS I W B AT A AR D), i o 4% i #2000
13 1 TG 78 TE 5| W 5 2 7E 37 °C A i AR JEAT ¥ HE S5
I, TG 58 TR AR B BOIR I 2 B T 40 2 Jp B |
FEUL € B A& Bt FE 2 KT A AR, Hamaura
SRR T, Sk S R ) R Y S A PR TE pH < 1.2 1 5%
PR A ot 25 T B AT

TG € TV 2 DAL 1 A2 300 55 vp 0 8 R AL K 5 35
FRAR LI S AR AR PR B, 7 B PR T — 2T e
TEZ N . BT, KT8 (& 52 H
ZT YRR A 55 1 BRI B AR 58 C )32
FRABEDB i /NGy 1A T R I T AL I e A2 o AR
WEFCH, VEF LB T 38 BCS 11 845 A 254, [ 1fn i 24
W) SE AR A YT (simvastatin, SIM) . [ I T 24 4 < 45 3 7%
(carvedilol, CAR) Al [% Ifil & 254 Ju DL ¥b 31 (irbesartan,
IRB) (£ 14 ., ] 2), 38 ik I v 2092 1) % =35 1 6 o8 %
A, X H I AR B AT R SRR A I R AT IR
ANBEFL, DARER 38 LA NFEEK R, IF B WY R TR B
WAENL, LA 784 AL 43 54 o2 g JBS AX T ol S AL

I- Crystalline drug
2- Spring up and spring down
% 3- Springng and parachute
E
&0
E
-]
b
E
s
S
=}
S
en Ca
E
(=]
l

t/h

Figure 1  Several common dissolution behaviors of amorphous
drugs. The crystalline (stable) form has low solubility (1); the
amorphous phase shows peak solubility (spring up) but quickly
drops (within minutes to an hour) to the low solubility of the crys-
talline form (spring down) (2); highly soluble drug forms are main-
tained for a long enough time (usually hours) in the metastable
zone (3). C,,: Equilibrium concentration

Figure 2 Chemical structures of simvastatin (SIM) (a), carve-
dilol (CAR) (b), and irbesartan (IRB) (c)
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Figure 3 Polarizing microscope (PLM) photographs (10x10) (A), X-ray powder diffraction (XRPD) patterns (B), differential scanning cal-

orimetry (DSC) thermograms (C) and Fourier transform infrared spectroscopy (FT-IR) spectra (D) of crystalline SIM (a) and its melt cooling

product (b), crystalline CAR (c) and its melt cooling product (d), crystalline IRB (e) and its melt cooling product (f)
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Figure 4 Gelation phenomena of amorphous SIM, CAR and IRB
at different temperatures
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Figure 5 Gelation phenomena of amorphous CAR and IRB in
HCI solution with various pH values
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Figure 6 Scanning electron microscope (SEM) images of amor-
phous SIM gel in water at 37 °C (a), amorphous CAR gel in water
at 37 °C (b), amorphous IRB gel in water at 55 °C (c), CAR amor-
phous gel in HCI solution (25 °C, pH 0.25) (d), IRB amorphous
gel in HCI solution (45 °C, pH 0.25) (e)
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Figure 7 Supersaturated dissolution profiles and photographs of SIM (A), CAR (B) and IRB (C) in their crystalline (A) and amorphous

(@) states in water at 37, 37 and 50 °C, respectively (n = 3, X £ s)
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Figure8 PLM photographs (10x10) of the collected solid materials
at various time points during dissolution of amorphous SIM in
water at 37 °C (A), amorphous CAR in water at 37 °C (B) and
amorphous IRB in water at 50 °C (C)
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Figure 9 X-ray powder diffraction (XRPD) patterns of crystal-
line SIM (a), amorphous SIM gel (b), crystalline CAR (c), amor-
phous CAR gel (d), crystalline IRB (e), and amorphous IRB (f)
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