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Preparation of Solid Dispersions of a Poorly
Water-soluble Drug Using Supercritical Fluid
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Abstract

®Department of Chemical Engineering, Yonsei University, Seoul 120-749, Korea

In this work, 5'-nitroindirubinoxime (5'-NIO) has been prepared as solid dispersions using a supercritical aerosol
solvent extraction system (ASES) process in order to enhance its water solubility and dissolution rate. Solid
dispersions of 5'-NIO and poly(vinyl pyrrolidone) (PVP) were prepared in various weight percent ratios.
Three-component solid dispersions consisting of 5-NIO, PVP, and poloxamer 188 (P188) were also prepared
to study the influence of P188 level on their morphology, crystallinity, and dissolution behavior. All samples were
prepared at 35°C and 180 bar using supercritical carbon dioxide. The particle morphology and size of the
two-component solid dispersions were found to be nearly spherical and much smaller (100-200 nm) compared
with the original 5'-NIO. The morphology of three-component solid dispersions became more agglomerated as
the level of P188 increased. The crystallinity of the original 5'-NIO was not observed in the solid dispersions
prepared by the ASES process. Faster dissolution rates were observed for the three-componet solid dispersions
because the arrangement of ethylene oxide and propylene oxide blocks of the poloxamer 188 enabled the
formation of micelles in an aqueous phase.
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Fig. 1. Chemical structure of 5-NIO.
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Table 1. Compositions (w/w) of two- and three-component
dispersions of 5-NIO prepared by ASES process

Formulation Solvent 5-NIO PVP K-30 P188
3 -
5'-NIO/PVP K-30 ? i
10 -
2
3 4
8
2
NMP 1 5 4
8
5'-NIO/PVP K-30 /P188 5
7 4
8
2
10 4
8
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239tk 7% APS B8 A4E 35C, 180 bard] 2%,
4 ZAAA olatalekae] FEE 15 Limin, T8
o] &2 0.5 mL/min, 183l FEE 2.5% (w/v)E 13
slod A FYsIAT) 2435A 9 3AEA] AR 2]
AFolE Yol 7] 913l Table 10 YA A= o] theksh
ZAdu|e] TARAAE AFsl] Sl EAS 459t
B AF o)A A8 2UA ASES 342 JHEHEE Fig, 2
o] TAIBIATE ASES A= ZA AA| o] ikeleAiE 319k
07 FH317] S8 PHE (high pressure metering pump,
ELM-1, Teikoku, Japan), §-82] ¢ & EALE 95t A}
3 319t A (syringe pump, 100DX, ISCO, USA), YA+
7} FAEE 19t A7) To7 FAEe] 9om, )
Adole EF-8qe EALE 218k ZA T =ZF (capillary
nozzle, ID : 127 pm, Altech, USA)°] A== 0%} )

1. CO; tank 2. CO; cooler 3. CO; pump 4. BPR
5. check valve 6. pre-heater 7. valve 8. precipitator
9. bypass 10. separator 11. rotameter 12. dry gas meter

13. syringe pump 14. solution heater

Fig. 2. Schematic diagram of the ASES apparatus used in
this study.
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T 82 118 (vv)9] HIZ E3}sle] AMgSIT) ol f<;
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5'-NIO9] &&=+ 0.01 pg/mL °]sl}o™, PVP K-303
P188Z Hth 10% F%=7HA 718 A9 10-11 pgmLZ oF
11008} A= &8=7t S7Fstach 719 s&=7} Hlal
2 uke 2.5% F2oll A PI18gellA U] w2 &% @S
e o, 5% ol delXe F E7Y H7H 27 AR
5-NIOY] &3l% /1= B4tk PVP K-303 P188 2%
§-NIO®| 83ll=s 7N eH, olefdt H7AI7} 8-
oFee] RIS STMITIE o= A HAS (wettability)
o] gt} oFEwto] wAl (micelle) FAIO 71918H= Aoz
2 A 9tk PVP K-309] w20l e 5'NIO2] &)= =
7he 4o A il Ao g AZtEH [9,10], AW
Z4AIR P1889] B¢ I T &S BT 7RI 9L
o =&l AFefoll A antol] ofsf wAdls FAJste] 8al=
7} S7Ve o= Al drh

12 —e— PVPK-30
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Fig. 3. Phase solubility diagram of 5-NIO in aqueous solutions
with excipients at 37°C.
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ASESE o|&3&lo] Azd nA A9 A Feje} 27)
£ FE-SEM < o]&3}e] #4938k A7E Fig. 49} 50 UE}
WAtk 73 5-NIOE B33 nls 2oke] 23 Feis
H9lom (Fig. 4(a)), PVP K-30-2 50-70 ym =71¢] 78 &)

£ (Fig. 4(b)), P1882 w3 o] FejE VR AT (Fig. 4(0)).
5-NIOS} PVP K-30% o]-8-3t 248 A] A A o] 79
5-NIO2] vls E9ke] 274 FHIE HolA] 2igkem, 100-200 nm
=719 22 79 dAE BSHEUE PVP K-309] o]
7R gt AT MR A8 olE e e RkEo]
FAEACH, d=r] =7] wEFF ST

Fig. 4. FE-SEM micrographs of (a) pure 5-NIO (x 1,000), (b) pure
PVP K-30 (% 250), (c) pure P188 (x 1,000), (d) 1 : 3 solid
dispersion (x 30,000), and (e) 1 : 10 solid dispersion
(% 30,000).

P188<] 7}l whE 1A B2k o] W3lE Fig. 59
YERH ATk PVP K-30%F A7 24 @A A AR €]
735 79| dAkEe] FAEAS Y (Fig. 4(d)), P188e] A7t
A EEsla golgld gakse] 445 0eH, Pvp
K-30 th®] P1882] o] Z7Hghel wt iAEe FHel
A2 Z71ske AL 81 4= ATk ol Pisse] F¢-
A FA12] 2F 80%E AFAISFAL = poly (ethylene oxide)
7} 52°C F2o) Hlad e m=H1S 7R 7] W
ASES 374& &3l A7} A= &1t P188o] FEE o
2 885 M= F717] WiEel Aoz waE) oS
o] WA= TEAQ olfi= EA 24 olits}
A7) gafEo] aAle] Z=3E 7HAAT]7] diolH
[11], o12 13 P188<] o] S7Fetell w2} 5-NIO A+
FHEge] o A vehdA Hot
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Fig. 5. FE-SEM micrographs of various solid dispersions of
5-NIO/PVP K-30/P188 : (a) 1:3:8, (b) 1:5:8, (c)
1:7:8, and (d) 1:10:8 (x 10,000).
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Fig. 6. XRD patterns of (a) pure 5-NIO, (b) pure PVP K-30,
(c) pure P188, (d) 5-NIO/PVP K-30 physical mixture
(1:3), (e) 5'-NIO/PVP K-30 solid dispersion (1 : 3), (f)
5'-NIO/PVP K-30/P188 physical mixture (1 :3 :8), and
(9) 5'-NIO/PVP K-30/P188 solid dispersion (1:3:8).

5-NIO®] A4 B4 137} 6.2°, 9.3°, 10.3°, 21.6°94]
HEE RO (Fig. 6(a)), S PVP K-309] 4 773
39S grelstATh (Fig. 6(b)). B3}, Fig. 6(c)oll VFERA 1}
9} zro] P188<] A% 19.2°, 23.4°0) 4 AR B4 WA E
Hole Aoz =t 5-NIO$} PVP K-30 g&=2] 3
E3E (Fig. 6(d), ()2 75 5'-NI0<] 54 T=7} vl
oksiAl et om, ol= a1EA}te] oFo] 5-NIO°] Hlaf &
2t B7] wiZed 5-NIOS| 54 =] A|77} A2
2 7443)7] wWjioltk ASES ¥R Bl Alxd uAE
AH| (Fig. 6(e), (g))e] 35 5-N109 274 237} $-3]
EATR Ag ST = Ao, 3HEA AR
(Fig. 6(g))2] 75 th P188 54 wj=avto] #aE|gom,
P188 54 F=9 Al7] Eg 7HAslAth 5-NIOS] 57
9327} AR ThE A Z5E S-NIOZF 4 =5 Uie
Foll A EA Yol 2= Aok AS #R1E 4 U3l
om [12], o]& A olksteta FAE o]8ste] 1A
B AeFor Az 5 ke AL v
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5-NIOS} AgA7re] ezl thste] dolrr] 93|
FT-IR #2418 433} t}. Fig. 78 24 EA| ¢ 34 R4
DA R L Eg)F EFE2 FT-IR #4272 vehd
t} &3 5-NIO (Fig. 7(a))9] 72 3371, 1614, 1458,
1313 em'olA 22 N-H T& O-H, C=0, C-C, W3I=
amine®] C-N 189 E4 33 Eo] Yephdth PVP K-30
(Fig. 7(b))9] 7% 3433, 2944, 1656 cm™ A Z+2} N-H
EE O-H, C-H, amide 189 EA9ar} a5 gc)
P188 (Fig. 7(c))) 73-% 2895¢} 1110 cm™ A CH, 2} C-O
a%9 54 935 Yepidoh

5'-NIOS} PVP K-302] 24384 14|84k 9] 739 PVP
K-309] 7}2R Y78} 5-NI0 9] FAM7)7ke] 4 Agto|
o)at s Akgo] BEEAE Fig. 7(d)2t 7(Holl YERA A
7 o] Be]d &30 A2H A|FAME 1618, 1623,
1654 cm' oA B4 3= EA8tE0 U 2488 A9} 34
A DA R AxE AE (Fig. (), 7(2)S 735l
= 54 gzt goAe AL g 5 Jden, o=
5'-NI0 ] $471¢} PVP K-309] 7l2R97|7te] 42
gl 71Q1ske Aoz N 4= Aot [13].

5813 TFE A= 5-NIO, PVP K-30 2 P188 71|
AT o] A7t & AeAgo] EAISR e Ao
2 FEh o] FT-IR #4243 o] A&itel EAlshk=
’FEAgol o3t 339 o)F T FAHZH 9 ST e
EAo] Yeh}R] eigith=s AREE 31 4= Q) [14].

Fig. 7(e)%} 7(g)= PVP K-309] 7t2Rd7]e] 54 ¥
A7} 1656 cm oA 1676, 1668 cm” 2 ©]53 AL Ko
Ttk ole IAEAA 4 Y T 5-NIOSF Azt
9] F5Agof oJ3f 5'-NIO A& 54 (mobility)©]
7radte] 5-NI09] Aol Walutol ALA| mjER] -~
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285 sl "ok 23U, =N- 2H8-719] 7 dAl=
3l ofEte] A B4 ofEwol 7] el of
=3 AR FAE = F22E2 PVP K-3
wH7le] ogt o= AT 4 Aok [15].
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Fig. 7. FT-IR spectra of (a) pure 5-NIO, (b) pure PVP K-30,
(c) pure P188, (d) 5-NIO/PVP K-30 physical mixture
(1:3), (e) 5'-NIO/PVP K-30 solid dispersion (1 : 3), (f)
5'-NIO/PVP K-30/P188 physical mixture (1:3:8), and
(g) 5-NIO/PVP K-30/P188 solid dispersion (1:3:8).

Fig. 89l A|AJE FT-IR &4 275 AHHH 34957
AR 2] 73$- P188 EH-ko] 71kl whet 1110 em”
F2o Yehd= C-0H 54 =71 "3z S71sHA8S
& = glom, ol A3 Ftzrd 7| B4 v
o]0 Fejo] FEI HHA| 7o) £AAFT e A4S
Z}-go] EAFTh= AL 1T 4= 9tk

(h)

(2)

Eh
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Transmittance [%bo]
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Fig. 8. FT-IR spectra of various of 5'-NIO/PVP K-30/P188 solid
dispersion : (@) 1:3:2,(b)1:3:8,(c)1:5:2, (d)
1:5:8,(€)1:7:2,(f)1:7:8,(g) 1:10:2, and
(h) 1:10: 8.
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5 OeFst 249 248A ¢ 3448 IAREAAY &
243 43 AFE Fig 9-120] Belste] VEATE &5
Sk 5-NIO (Fig. 9)2] 7% 1%°]3}e] w9 v 858 1
¢l ¥hA, ASES FAoF AxH nA B2 Q] A9 1205
B EEH 9 90% olFe] 7] 108 el §&5HAU
om, 1 o]Fof= ulg- A2 ] 5-NIOVF §EFH ATk
Fig. 9-120] YeRd A3} o] 244 8A 1|29 75
T4 IEAR] PVP K-309] g0 7S 8= &
7} Tkl o, 3] 5-NIO9} PVP K-309] F-AR7}
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1:10 (Fig. 12)81 7% 1:7 (Fig. 11)°] B3} &=&=7}
of 2uff A= PFEATE olok T2 AT} R o=
T84 AL viE e o] St wet g O%Ol
24 2H8 (hydrophobic interaction)ol] oJ&f] =717} &
24 75 AT 7137 aste] At videlx &4t
e e 7] 02 1k g5l l50}7471 o]tk

5-NIO/PVP K-30/P1889] 3AEA 1A &2k 7%
H|o] A AAEAAIQ] P188o] /1= A] ¢k 2AEA 1A

Ak vls)] A4 ] 2 %%9 el e PVP K-303+
P188<] glfo] u %ﬁz} % = 5'-NIO/PVP K 30/P188<]
W7} 1:3:2,1:5:4,1:7:8,1:10:8% A% 7} =&

PEQUAER PN M NS SeA R s

B=2o07 A% P1889] ko] S8t wlet ariA} wj A
Well EA15R= 5-NI09] F-atdo] ads]7] wjito] 22}
T U 37) o7 BiE 350 1 Fu,
P188<9] $tafo] H=dA| =2 Z-Foll= 2317 P188el| <
3 B2HE 5-NI09] 2717} Z718le] §&F0] AjFoz
Has He Aes Az

N

100 —@— Pure 5-NIO
—O— 1:3:0 solid dispersion
+ 1:3:2 solid dispersion
—4— 1:3:4 solid dispersion
—&— 1:3:8 solid dispersion
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Fig. 9. Comparison of dissolution behavior of pure 5-NIO with
that of ASES-processed solid dispersions.
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Fig. 10. Dissolution profiles of various solid dispersions of 5-NIO/
PVP K-30/P188 (1:5 :x).

AEA A B2 ol nvls] AR

S D% 5 -NIO/PVP K-30/P188%] A
H7F1:10: J 735 Hd 88%2 §EES HERNSITH
ol SHA AR EA}; vfEol o] B4 A T
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