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Improvement of in vitro dissolution and physical stability for
spironolactone solid dispersion formulated with Soluplus
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Pharmaceutical Excipients, National Institutes for Food and Drug Control, Beijing 100050, China)

Abstract: Spironolactone, a class Il drug of the biopharmaceutics classification system, has low oral bioavail-
ability due to poor solubility. Spironolactone solid dispersions were prepared using the solvent method in order to
improve its aqueous solubility. Optimization studies of spironolactone solid dispersions were performed using in
vitro dissolution tests. Differential scanning calorimetry, X-ray diffraction and Fourier transform infrared were used
to investigate the physical state of the drug in carrier materials and to detect the possible interactions between the
drug and carrier materials in the solid dispersions. In addition, stress tests were employed to elucidate the key
factors which have influence on the stability of the spironolactone solid dispersions. Results showed that spirono-
lactone in the solid dispersions formulated with Soluplus and HPMC-E5 were both in amorphous state and the
hydrogen bonds between the drug and carrier materials were formed in the solid dispersion. Therefore, the in vitro
dissolution of spironolactone was also significantly enhanced. Stress tests demonstrated that the physical stability
of spironolactone solid dispersions prepared with Soluplus was greatly improved compared to those formulated
with HPMC-ES5. Thus, spironolactone solid dispersion formulated with Soluplus using the solvent method could be
used to improve the in vitro dissolution and stability of poorly soluble drugs.
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Figure 1 Chemical structure of spironolactone

Table 1  Solubility parameter calculation for spironolactone using
the group contribution method. N: The number of repeating units;
Fy and F,: Molar attraction constants due to dispersion and polar
components; E,: Hydrogen bonding energy; V,,: Molar volume

Group N Fq F, E, Vi,
parameter 1032 -mol* /(3,3)*2-mol*  /J-mol* /mol-L*
-CH, 3 336.6 0.0 0.0 335
-CH, 9 234.6 0.0 0.0 16.1
-CH- 4 132.6 0.0 0.0 -1.0
-CH= 1 255.0 38.0 0.0 135
-C- 3 -214.2 0.0 0.0 -19.2
-C= 1 -56.7 20.0 0.0 -5.5
-C=0 3 105.0 600.0 9500.0 10.8
-S- 1 815.9 196.0 297.5 12.0
-0- 1 76.5 1225.0 101.0 3.8

BEMERTEE 5 HIFREL 2.5 g [ PVP VAG4,
Soluplus.PEO .HPMC-E5 fil HPMCAS, 5 500 mg #2 4
W B T 250 mL i 2, B0 o\ = S0 4% 100 mL Bl
S H %E 100 mL 5 JE/K B (HPMC-E5 AN i T4 &
i E) 50 mL, 8 75, A48 N e 5 300k 58 AV R B oy
BOEIAT . K ATEE T 40 CKIB R, IR ARG EH
MUV 7, 15 205 Py G [ 4R 2wk, BT 1 38 P A7
24 h, 3t — PR BT MA NN TIRE R IR,
180 Hfi, BT TRt &H.
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WERZ150 mg), #ER T 15 R REFR . 7R Oh4E
N BRI ATE 24 4 ) 2015 45 hi i ) 0931 ¥4 Hh 2 5 V%,
PL4liZk 1000 mL Ay A, 65 (37 £ 0.5) °C, ¥
WA 75 r-mint. fKi%#RAE, 43 fE 5.10.15.20.30.
45 160 min i, BURE 10 mL, [A) B0 nAH R R A [H)
AL AR . KB S Ak BRRE, 325, iR
A N R 0] 24 1) 2015 4 U 1) 0401, R A 48 4b—7
UL 43 J6 6 BE i, 7 242 nm it K Ab W 5 TR FE 5 UM
P T X JER O B, RS SRR OE, N G 20 mL v iR, FH
HA T AR, BR ), T R 290 100 mg - L
TS, RS EELL mL & 10 mL &3, IV B A R
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ERFIEERGE (differential scanning calorimetry,
DSC) 7 AlxfhE Py fg 524 \JHPMC-E5 I8 4 fis-HPMC-
ES Y EIR G H (1:5, w/w). B2 P i —HPMC-E5 [#] {4 43
B (125, w/w). Soluplus. 42 14 fi — Soluplus %7 ¥ &
A9 (15, wiw) F1HZ A i - Soluplus [& {4 4 B 44 (125,
w/w) BT Z R R RO RSB AREURE 12 3~5 mg,
BT EMR, e B L, IR S % E, L
A NS . e 2% N, IFHE 40 mL - min't, IR
6 [ 20~220 °C, FHRIE 2 10 C - mint. il sk & A
A R 22 R R R A 28

X S 759 5% (X-ray diffraction, XRD) %t ik
FE S BEAT X SR ATH b o D 415 Cu i, &k
40 KV, L7 30 mA, 71 260 £ B 30 ~50°, 47 i 1%
6°-mint. JCIRFE i X BT 2R AT AT 2k .

8 B M 4% #%& 41 4b ¢ & J& (Fourier transform
infrared spectroscopy, FT-IR) A< #ff 5% 5% FH ¥R AL 4 [
Frigs, X R R AT B A R 2T A6 A B .
SE 2k AF IR F 3 B K Bl 400~4 000 cmt, 4y B R
2cmt,
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56 PR LR P B ] 4 2y Bk AR I B, 2450 P4 TR T
A, SR 5 W E8CE T A X R FE (relative humidity,
RH) 75% F1 92.5% [ ¥R 55 T (53 A1) 1 1R A0 AL BV W
L0 i T VR L), T A8 5010 REUKE . il A
e A 36 T HE PR R 5 43 )R 22 R R R A O X
ERATHHE A BLIM B 40 2T A0 S R VE R AR AN R R A
SE 2 DAE B TR oy HICIRAS, 117459 A [R] 30 % 245
YIRS T MRS .

HR
1 BBESEERIRE AR

K FH 2 A o3 kv v B0 N TR VR R R S BN
22.5 MPa"?, Soluplus. PVP VA64. HPMC-E5. HPM-
CAS HI PEO [ ¥4 fife 5% 2 B LA Ko 5 088 N I (%) ¥ A
R 2 NS ILF 20318 o HUHE AT 40, Soluplus.
PVP VA64.HPMC-E5.HPMCAS.PEO 5 I N [ig V4 fift
ES 2 # AT 7 MPa2, 5 B 44 5 42 A 5 AH
M R AT, ¥0] T 08 P IR ] A 43 O 1 o %

Table 2  Solubility parameters of drug and carrier materials. J:
Solubility parameter; A d: Solubility parameter differences; PVP:
Vinyl pyrrolidone/vinyl acetate copolymer; HPMC: Hydroxypropyl
methylcellulose; HPMCAS: Hydroxypropyl methyl cellulose suc-
cinate; PEO: Polyethylene oxide

Drug and carrier

material & IMPa"? A IMPa”? Miscibility
Spironolactone 225 -
Soluplus 23.411 0.9 Miscible
PVP VAG4 21,101 14 Miscible
HPMC-E5 22.404 0.1 Miscible
HPMCAS 29.10% 6.6 Miscible
PEO 20.01¢ 2.5 Miscible

2 BRREEEAR o EURRYH &

SR FH ¥ 70025 o) 4% R 1N T 4 2 504, 9 % 5 [ 4
YRR AR AN AT N, SR W 2 ok . 5 P g
JRRL 245 R0 25 ) - 3R AR I ER S AH L, BAPVP VAG4 .
PEO 1 HPMCAS Jh #5, 4 11 5 A 1 [ 44 43 B4 72 7K
[R5 HH O 28 % v M R R 1 31 IR 35 B &, 1T LA Soluplus
I HPMC-ES Jy #5425 (1) 8 A i [ 4% 9 504 £ 7K R 1) 3%
HH S R R I HA R I B4R R, 60 min B, MR Y S ) BRI
H B2 90% LA F . PRk, 1%+ Soluplus #1 HPMC-E5
NEARAT T — BT
3 ETHEEMR

R ERMNRE AR WE 3R, 0 E A,
RPN T R R 2 7E LS AL — R A A R R AR
HPMC-ES5 1 Soluplus A~ 77 7 45 fil W B ; 1 P BRIV &
W) DSC 1 £ A7 A7 1E — A0 Rk I AU, 350 BH 25 P 4T)
PR R T SAF AR, (B2, FLu AR 58 A4l HLJ R A,
TXAR AT B8 B A7 TE T 51 L (45 s I 5 1T
ot ] 4% 43 Bl 4 1) DSC it 2w, 5 08 P I8 A s5ORE 0T R 1
W AU 513 2, i B R N T T R DA BUIRES A BT
Ak
4 XETEiTEt

X P RATH st g5 R 4 pros . i B ) A, 08
N g R ORL 24 7E 9.26° . 11.47° . 12.39° . 15.99° . 16.85° .
17.35° 11 20.25° &b BT LLAS: W 21 W 5 (1) R 4E 7 5 0
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Figure2 Dissolution profiles of bulk SP, SP-carrier materials physical mixture and SP-carrier materials solid dispersions. SP: Spironolactone;
PM: Physical mixture; SD: Solid dispersion. A: Bulk SP and SP-carrier materials physical mixture; B: Bulk SP, SP-carrier solid dispersions
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Figure 3 Differential scanning calorimetry (DSC) curves of SP-HPMC-ES5 solid dispersion, SP-Soluplus solid dispersion, SP-HPMC-E5
physical mixture, SP-Soluplus physical mixture, HPMC-E5, Soluplus and bulk SP
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Figure 4 X-ray diffraction (XRD) patterns of SP-HPMC-E5 solid dispersion, SP-Soluplus solid dispersion, SP-HPMC-E5 physical

mixture, SP-Soluplus physical mixture, HPMC-ES5, Soluplus and bulk SP
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Figure 5 Fourier transform infrared spectroscopy (FT-IR) spectra of bulk SP, HPMC-E5, SP-HPMC-E5 physical mixture, and SP-HPMC-
E5 solid dispersion(A) and bulk SP, Soluplus, SP-Soluplus physical mixture, and SP-Soluplus solid dispersion (B)
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Figure 6 DSC curves (A), XRD patterns (B) FT-IR spectra (C) of solid dispersions prepared with Soluplus after storage under various

conditions for 5 and 10 days
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Figure 7 DSC curves (A), XRD patterns (B), and FT-IR spectra (C) of solid dispersions prepared with HPMC-E5 after storage under vari-

ous conditions for 5 and 10 days
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Figure 8 Dissolution curves of solid dispersions prepared with Soluplus or HPMC-E5 after storage under various conditions for 5 and 10

days
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