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Preparation of budesonide-poly ( ethylene oxide) solid dispersions using
supercritical carbon dioxide and in vifro evaliation
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Abstract An application of supercritical fliids technology for processmg of budesonide-poly
( ethylene oxxe) solid dispersions was presented The correlations of the operation paraneters m the
preparation process were studied Solid dispersions of budesonide m poly ( ethylene oxide) were prepared
using a static method for supercritical catbon dioxide and characterized by powder X-ray diffractan etry,
differential scanning calormetry mtrinsic dissolution and in vitro dissolition It was found that the
optinum condition of solid dispersions fomation was as follws tenperature 40 C; pressure 20 M Pa
the ratio of budesonide and poly ( ethylene oxide), 1:10 Dmg existed m anormphous state in hydrophilic
poly ( ethylene oxide) carriers and mtrinsic solbility and dissolition rates were significantly enhanced
The mechanisn of the enhanced dissolition may be atirbuted to the amorphous character of the
budesonide mprovenent of the wettability of the hydrophobic budesonide togetherw ith the fom ation of
hydrogen bond of budesonide and hydrophilic poly ( ethylene oxide). The supercritical fhiids process can
be used as an altemative method for preparation of solid dispersions
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( supercritical fuids SCF)EZAAE Jg —F 5 21 f) [ 44
I3 HA T 2 TV, AR R AT B TR A R N T M
P SRS, SCRHEA AT LU HE A
@ ) LR S AT, ANTHATHLE ), SO R, X6
mRs QBRSNS T T ERE Y @ B
FEE RAIORE, JC TR e, et A 1 R I AR rp = AR
AR GRARIATRE Wi AN AL 27 R 55 ) L
Az 48 ( budesonide BUD) Ji& — Ut BUHk £Z
JRCHEE T R TR A B B B R B A
Mo REE i MR ARG o R B
Vel 2 500z 1k 25 W 98 55 )= 4 JRE PR K s 1) i
). {H BUD & — AL 251, W £, 3%
Wi HJR B6 7 OR . MO SCE$E BUD AR D B B 24
W, LA KRG MR SE &M [ poly ( ethylene
oxide), PEO [WE AR, N H] SCFHA, KN Il 7
TEAR ( supercritical catbon dioxide SC CO, )‘FEU%'
fi 4% 48 AR £ 4% (BUD-PEO ) ] 44 73 5 44, LA
f&m BUD BV f# BERUR S AE A B . R R R
X R AT s AR AL JE R VA AR
HH S S5 T VR0 ] A B B A T AR ), O R 24
WV AR B BE EE A 5 SRR Y B e R 3R AT R

RS Tk

4 XL30 B H AR (7 23R -FED);
D MAX-2A B X FT ¢ (H A% ); DSC 6074 %
AR A (H A B ) d i S iR e (VB
RFEIG TR AT ) UV-0100 8R4I 6 BT
(b E A A 7] ) RCZ-6B BUSE AL (B335 258
A7)

b S5IRF AR (L RE WA R A
) HOmE ), A LM NT50[ poly ( ethylene oxide)
N750 PEO N75Q 4r ¥ it 300 kD, 35 JH Dow 2
A 1 HAth 702 8 7 pr

SC CO, #1 4% BUD-PEO N750 [& 1£ 73 # 14
B4 LR & 245 /) BUD-PEO N750( 1: 5 1:1Q
w A VE T R RN 2 s 2 I FUIRES B
SC CO, VENR RN ZE . fF N BT Js %R
Fri sl B E IR FE 10 m i 5528 S N F915E IR /)
Jei, BRI, AR S MY S IR, FRE I GE . SC
CO, % BUD-PEO N 750 4/ ik it 2 540 L,
40 C; K Jj, 20 M Pa If[H], 18 h. & T kil
TR N e N F S < O i S W B a2 L D S S I
SCF 4% BUD-PEO N750( 1: 1Q w Av ) [E 44 23 ik
WL, SR AR 1.

Table 1 Setting up conditions of SCF process

Condition of SCF process Teanperature/C  Pressure/ M Pa

1 40 25
2 40 15
3 40 20
4 50 20
5 60 20

MR X LA ( powder X-ray diffractan e-
try PXRD) 7 AT 70 %8 ) [ A& 7 B0AR 6, 2547 254
d A, MUAEAT S B b sl A7 3 R 25 49 s A4 B T S AR5 4R
g, 4 ks m) BARE 0 B I A 20 TR o 24 ) () A7 AR
A . PXRD M4tk Cu/f SBEE B (0 05 4530, 20
mA; = R SR FE, 40 kv FHARE L, 5°~ 45°% B K,
0.04% 5 F, 206/ 0.04° s ',

Z A4 = # (differential scanning calorin e-
try DSC) 7 A [l 4 73 oA o 2 A7 25 9t A, AT
W AR AE TR 2900 & R A7 B 22, I e G ] R A
Ko DSCHMT &R i, 5mg HFEHE, 25~
300 C; FHEIE#, 10 'C» min 3 A, N, 5.

FWMEMEEEME & BUD 10 m gt i & B &
BT 10mLEEFLE Y, MEBTFKRZE, HEE
P01 moin [OERRIRIREE 48 hja, JRAE 15 000 x
gL 10min LV MEE S, T 240 nm A0 €
WRE, tHH BUD R M MRS . IRBE 41 WA
25 C; fRIEHHE N 50K » min

WA SR KR EA ST BUD 9mg)
Fegh, BEWEBMHP, @ BEE 5 mL (RN AR
WHA R SmL), 0.45 U TFLIERLE S, T 240
mm ARE R, R R BRI A A B
ZAtk, TRE 25 2005 R AR ERGE WA AR
PBS(p 7.4) 900 mI; &4 (37 £0.5) C; #ik
50 min .

PR RS RE BUD 5.0mg & 50 mL
i, NG PBSERMIR (P 7.4 1LO)FRE R4
JE, #1475 50 Hge mL Gk & . K BB UG 4,
R SRR E N 0.3 1L 2 4 6 & 10F1 20 Hge
mL "BIIEI, 75 240 nm &b E WU, DAIR B
AXTHBE C AE LR Rl H, 15 bR th £k 5 52 C =
56.7224 — 0.162 6 r= 0.999 9 &GN 0.5~ 20
Bee mL ', 0.5 10 20 Hge mL M€ . & 3Fhk
FEHA RSD 2253 4: 0.98%, 0.82%, 0.9%% (n=
3), HIE RSD 235l 4: 1.8%0, 1.6%, 1.96% (n=
3). BREUCAE T &= ¥ BUD A1 PEO N75Q Bil 0. 54
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10.08 19.94 Uge mL ' 3FhiK B, AU 2R 53 5 g
99. 1%, 99.8%e, 100.34% (n=3).
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% 200 P,
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Figure 1 PXRD of BUD-PEO N750 solid dispersions
A: BUD; B PEO N75Q C. Physicalm xture of BUD
and PEO N750 (1:5); D: Physicalm xture of BUD
and PEO N750 ( 1: 10); E: BUD-PEO N750 (1:5)
w ith SCF process (40 C and 20M Pa); E BUD-PEO
N750 ( 1: 10) with SCF process (40 C and 20 M Pa)

B 1rf I, BUD P24 244 F bR AL g (20
6.00 12.00 14.44 15.36 16.00 18.44 22.8),
PEO N750 th H 7 B & ¥ 45 &% 0% (28 19.08
23.24). BUD-PEO N750( 1: 5 1: 10)# #IR & W )
&L W SRR R AN, BE BUD £E IR &4 T
LEB AN ], o s FE A 7R AN (IR FE VR %, (HL.35)n)
W BUD FI4FAENE, 3680 BUD B fs B R B, 381X
MR G . SC CO, &b EE 5, BUD-PEO N750( 1:5)
[ 44 20 BROAR H 3 AR FRA AR W A2 AR Ak, {5 BUD [ 45 &
FTAT IR 2R BE, 3R BUD 75 H o UG & S A7 TE
BUD-PEO N750( 1: 10) [# {4 73 i A4 7 A H B0 48 44 1)
FEAEWE, BUD T AT &5 & i 499 W78 2%, 4877 BUD 7

PEO # Ak i & e LI E TEIRE .

1 3 DSC4r#t  BUD, PEO N75Q BUD 1 PEO N750
WIFIRAY (1:5 1:1Qw A4 ), BUD-PEO N750( 1: 5
1210 w Av ) B RSS HOAR R DSC 7345 R ALE 2,
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Figure 2 DSC of BUD-PEO N750 solid dispersions
A-FE Sane as that m Figure 1

DSC i1k, BUD 7F 258 CHIEL 1 4NWR #ig,
PEO N7507F 68 CHI 182 CH3 Bl HIBL 1AM A0 Fn
IAMEHANE . BUD-PEO N750( 105 1 10)¥)HE R &
WIAE R IS () 06 457 Ak 353 HE B0 AR I (1) PR 46 0 AR 5 4 0
AR W5 A BTRRAK . SC CO, 4 # )5, BUD-PEO
N750( 1: 5 12 10y [ 4473 i of PEO N750 A7 ok
A7, {H BUD [P #hies Bl (2 ok /s B 22 v 2K, 3EE] BUD
EHMP R € TR A, #2050 T PXRD (1)
HE b
2 SCFifJEFI L J7%) BUD-PEO N750 & 1443 14
ipsAy

AR EE R s ) 444 R il & ) BUD-PEO N 750

( 12 10) [E 444> HUAK R PXRD A1 DSC 23 #7145 % W
3FIAE 4.
21 FHEREE R 40 CHE R He 7 2% [ 44 43 i i
H B 3FIE 4051, K Ji2h 2080 25 M Palty, 352Kk I
BUD [T 5 45 s U6 0 R #0006 1 J7 4 15 M Palit,
BUD [T 55 8 F1E e R A 06 o 3 HH IR, d BH 7R e 4%
AT A T T 4 2 B pR R, BUD &8 2 AT S A7
1. BHAE R, IR AR e ) S
AR, ARE g . 9 A &R,
B S5 I3, BUDTE SC CO, HP IRV 1R FE 18 K, i
N 5 ULy AR S AR T 80ik T, T o E etk
A B JIBRAR T, BUD 7F SC CO, IR R F%,
M) 55 CA S S AFAE
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Figure 3 PXRD of BUD-PEO N750 (1: 10) solid

dispersions n different conditions of SCF process A:

Pure BUD; B BUD-PEO N750 n 40 C and 20MPa

C: BUD-PEO N750 m 40 C and 25MPa D BUD-
PEO N750 n 40 C and 15MPa E BUD-PEO N750
n 50 C and 20MPa E BUD-PEO N750 m 60 C
and 20M Pa
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DSC of BUD-PEO N750 ( 1: 10) solid

dispersions i different conditions of SCF process A -

Figure 4
F Same as that m Figure 3

22 EEHI A 20 M Paltt S8 v RE ) 4% [E 442
ek B 3R 4n] R, BES RS TR (50 C,
60 C ), B BT BUD FIFT 5 06 H B 3% i 1
5, JELE 256 CHIEL BUD R A . HSU Rl fE A
TR, SC CO, % AR, B AERE J1 N B&, BUD
7F SC CO, iR BRI, T 25 5 7 [ 44 3 AR 2
PR BT A R RS . Ak, TR T R RE A
RN Ak A T R, 3 — 50 K A .

SE G PR ERAE AR E, AR SCER R R T A& &
[ 4 3 A WA 40 °C; 1A 20 M Pa.

3 BUD-PEO N750 [ {4 7 it A= BUD [ 24 51| 2%
FAE

31 RWEME  BUD A PEO N7504)FIR &
(1:5 1:1Q w 4v ) A1 BUD-PEO N 750 [ 4443 44 ( 1
5 1010 w Ao )FIR B E R 2.

Table 2 Apparent solbility of BUD (n= 3 x L)

A queous solubility

Condition of preparation Solid powder

/Mge mL™'
Pure BUD 20.8 £2.5
Physicalm ixture BUD-PEQ N750( L: 5) 28.5%2.3
BUD-PEO N750( 1 10)  37.2%4.3
SC CO, in 40 C /20MPa  BUD-PEO N750( L3 5) 187.2 *35°
BUD-PEO N750( 1: 10)  645.2 £43 #
SC €O, n40C/I5SMPa  BUD-PEO N750( 1: 10)  332.6 27
SC CO, in 40 C /25MPa  BUD-PEO N750( I: 10)  664.3 38
SC CO, in 50 C /20MPa  BUD-PEO N750( 1: 10)  387.1 %23
SC CO, in 60 C /20MPa  BUD-PEO N750( I: 10)  169.5 EI8

" P < 0.050s pure BUD; “P< 0.05ps BUD-PEO N750 (1:
5)

BUD J&—FP s PR 254, R MR ) 20. 8
Uge mL ™', ¥ BUD 5 PEO N7507 %R & M AhEck
M . K SC CO, ##% BUD-PEO N750 [#]
Wik s, BUD HIVE ## )% B 2% i =, A BUD-PEO
N750( 1: 10) BUD I #EIE (645.2 Lge mL ' )]
@ T BUD-PEO N750(1:5) ™ BUD f ¥ fif J&
(187.2 Uge mL ') (P < 0.05) . R T/ [F 5 4
PER 1 % B @ 4K 5 B4R (BUD-PEO N750 1:1Q 20
M Pa), Hor BUD % FE K /NIF A: 40 C (645.2
Hge mL ')> 50 C(387.1Hge mL ') > 60°C(169.5
Bge mL ™) o N TN 7 41T 445 10 1] 44 23 i
# (BUD-PEO N750 1:1Q 40 C), H:¥h BUD % f## /&
KNIRFE J3: 25 MPa( 664.3 Hge mL ') = 20 MPa
(645.2 Hge mL ™ ') > 15MPa(332.6 Ugs mL ').
IR S A BOIRES AT 0%, WK 1 2
& PEO B4, T R FE 2 UG 8 TR IRAS, 3 T
M TEZ5) BUD /KRR n] iV 1, S BB B 10 1
FRRIRSE, B4 BUD R MR)E .
32 fRAMEH BUD A PEO N750 43R &
(1:5 1:1Q w4 ), BUD-PEO N750 [ A 43 i A
(1:5 1210 w 40 ) IS B 28 LI SFIEE 6.

M 5al %L i 25 BRI &9 (105 10 10) 1
WHEZ LR EEZES . B SRR R
MBI N EY B Em A MY IERAY . 120
mnf, 4625 WERAY (10 10) F[E 4K 5 5k
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(110)y K Bt 25 5 15.2%, 29.7,
92. 0% . [EMAS; BR T 259 1) B AR v 2B PEO
WARE AN . 120 mm K, 1055 1: 10[E
WA BB HEAREEZR (P<0.01).
[ 4 73 FS 1 B 25 32 R BUD AR AR L (1) DL K] ) i
M 254 BUD o it [ 44 73 Ak 35, 5 PEO %
= RSB g A E ), J0H] T AR R R A A, Al
BUD 7r2 Ak AR S, f PR E e RS AE AR, 3 T
YRR, §K T 5% 0B Ak AR, HoRE
PEO Hi A= 1 2, U8k 4% A 1F M 5R, BUD 7 [#]
A B TP R AR A R 2 R R

100
80 1
60 1
401 ¥

20

Cumulative released/ %

0 200 40 60 8 100 120

3 —3 Pure dug ©—¢ Physicalm xture ( 17 5); 2 —» Physical
mixture ( 17 10); O—0O Solid digpersion (17 5); x— x Soli
digpersion ( 10 10)

Figure 5 Cumulative dissolition profiles of BUD-PEO
N750 solid dispersions (40 'C and 20M Pa) (n= 6).
T P<0.01ws solid dispersion ( 1:5)

1004
801
60
40 4

201

Cumulative released/ %

0 20 40 60 80 100 120
Time/ min
x— %X 40 C and 20MPg ®—® 40C and 25MPg a —a 40°C
and 15MPg ¢— @ 50C and 20MPg ®—m 60 C and 20M Pa
Figure 6 Cumulative dissolition profiles of BUD-PEO
N750 (12 10) sold dispersions in different conditions
of SCF process (n= 6)

ML 6] &1, Bl Hs 88 ., A o R 1) R R
AN, {H 200 25 M Paihil £% 1) 8 44 45 fifk 2 1]
TEFEEE R, Rk X BUD % SC €O, H

RN e S R - R e iy N TR N i N
SRHEHETR, AT REEER (P<0.05), nf
REA T BUD TR0 1 73 BOR S, IR T &
BUD MG SE AR A [R5 di s, A s R R

it

AR SC €O, #l#% BUD-PEO N750 [& 44
HEfR, %% BUD /PEO BCLE s oy Al R 25 [R] 28 %)
[ A WA T B B2 . ) PXRD, DSC, & #1832
FEHREEEMNZEREAT T ERN . 4 RK
Fi: 40 'C, 20M Pa BUD-PEO N750 1: 1042 J R[] 44
ISHURIRAE S . BUD 5 PEO WA B 47 & 15 1
HHE T BUD &A% BT AR AR, A H: LRSS & PR S
SERDIRSTEA THAE PEO Hh, W13 B AR AN 8 HY 3k
HISLL B EIR m, B PEO Sk BB £, A 4
ARG 50, BUD 7 4] 44 73 550i o 0 4 0 B 24 22
I . A I SR AA A % A2 AR I, A A
PLEE I, 4 ARIRR, ) E 422 1 R A A o, It Had H
TR IR AN Sy AL IK AR R 259 .
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