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Preparation and evaluation of sustained release solid dispersion formulations with
polyvinylpyrrolidone and silicates
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Table 1. Compositions of nifedipine formulations.

PVP/NIF (w/w)

0.5 1 1.5 2 4

NIF (g) 5 5 5 5 5
PVP (g) 2.5 5 7.5 10 20
PCS (g) 40 40 40 40 40
Xylitol (g) 70 70 70 70 70
Ethanol (g) 100 100 100 100 100
Water (Q) 75 75 75 75 75

NIF: nifedipine; PVP: polyvinylpyrrolidone; PCS: porous calcium silicate.
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Figure 1. The preparation method of formulation with porous calcium silicate (PCS).
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Figure 2. Effects of the polymer on the dissolution of nifedipine (NIF)
from the granules (PVP/NIF=4, Table 1). Keys: Polyvinyl alcohol
(PVA, @), polyvinylpyrrolidone-vinyl acetate copolymers (PVP/VA,
A), hydroxypropyl cellulose (HPC, W), hydroxypropyl methylcellulose
(HPMC, O), polyvinylpyrrolidone (PVP, A), no polymer (o), and NIF

Drug release (%)

(). Data are presented as the mean + SD (n=3-4). *p<0.05 versus no

polymer by Student’s t-test.
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Figure 3. Effect of the molecular weight of polyvinylpyrrolidone
(PVP) on the dissolution of nifedipine (NIF) from the granules
(PVPINIF=4, Table 1). Keys: K-25 (@), K-60 (A), and K-90
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(M). Data are presented as the mean + SD (n=3-6).
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Figure 4. Effect of the amount of polyvinylpyrrolidone (PVP) Figure 5. Effects of each granulation process on the Dissolution
K-90 on the dissolution of nifedipine (NIF) from the granules. Profiles of nifedipine (NIF). Keys: adsorption solid dispersion
Keys: PVP K-90/NIF (w/w): 0.5 (@), 1 (A), 1.5 (W), 2 (O), (ASD) NIF:PVP K-90:PCS=1:4:8 (@), ASD NIF:PVP K-
or 4 (@) (Table 1). Data are presented as the mean + SD (n=3- 90=1:4 (A), dry granulation PVP K-90/NIF=4 Table 1(H), wet
8). granulation PVP K-90/NIF=4 Table 1(O), NIF (#). Each

symbol represents the mean + SD (n=3-7).
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Table 2. Kinetic parameters of nifedipine release from the granules.

PVP/NIF
n k R2
(w/iw)
4 0.5152 + 0.055 0.2560 =+ 0.024 0.9794 + 0.031
2 0.4885 + 0.047 0.3059 + 0.015 0.9337 + 0.021
15 0.5376 + 0.051 0.3115 + 0.005 0.9676 * 0.018
1 0.5854 + 0.072 0.4078 + 0.014 0.9944 = 0.006
0.5 0.5824 + 0.040 0.6768 = 0.040 0.9845 + 0.028

NIF: nifedipine; PVP: polyvinylpyrrolidone K-90; Data are mean + SD (n=3-8).
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Figure 6. Korsmeyer-Peppas models plot of Figure 7. Effect of the amount of
the granule (PVP/NIF=4). Data are presented polyvinylpyrrolidone (PVP) K-90 on the kinetic
as the mean + SD (n=3).. constant in Eqn 1. Data are presented as the

mean + SD (n=3-8).
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Figure 8. Photographs of granules (a) Polyvinylpyrrolidone (PVP) K-90 (-), (b) PVP/NIF=4, Table 1.
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Figure 10. Differential scanning calorimetry (DSC) plots of the physical mixture (PM), adsorption solid dispersion (ASD), and granules. (a)
Nifedipine (NIF) and polyvinylpyrrolidone (PVP) K-90 (1:4), (b) NIF and porous calcium silicate (PCS) (1:8), (c) NIF, PVP K-90 and PCS (1:4:8)
and (d) NIF, PVP K-90, PCS, and xylitol (1:4:8:14).
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Figure 11. Fourier transform infrared (FT-IR) spectrum of the physical mixture (PM), adsorption solid dispersion (ASD), and granules.
(a) Nifedipine (NIF); (b) NIF and polyvinylpyrrolidone (PVP) K-90 (1:4), (c) NIF and porous calcium silicate (PCS) (1:8), (d) NIF, PVP
K-90, and PCS (1:4:8), and (e) NIF, PVP K-90, PCS, and xylitol (1:4:8:14).
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ZEZLTWDZ PRI, —FH, AIFZEETIE PCS Z HW o D §EAI DB 217
STEY ., EEEPEREZ AW RIS LY IND (28T b B R o 8E A D BH % O A HE
PEH A L CnDd 20, F72, INDIZPCS EMAEERAZRITZLE2HEL WD, £ 2 TR
TlX, PVPK-90 & PCS OHAE DI L HHEUEA IND IZ SIS ATEE T D 2B 2NN DV TR
L7,

(1) IND BHI DA BLEE AT

IND 84| SEM BH % 7~9 (Fig. 12), Fig. 8 & [AERITRL 173
BHE U SRS R S TRk T MBI &4, IND (2B W T ) NIF
ERERDERI N ST & E X BT,

»
Figure 12. Photographs of granules (IND,
PVP K-90, PCS and xylitol; 1:2:4:7).

(2) PVP K-90 % & ¢e PCS ERIIZH31F D IND Dt

PVP K-90 & PCS & D#AEDOHIZL 2L E S HIZHH~ D725, NIF ORI E AR5 Bk
HERL & [FARIC IND 25 A7 DR U, B A2 1T > 72, Fig. 13 12777 L 912, PVPK-90
ZINZ TR WEERL & PVP K-90 % 2 7= FERI D> 5 0D IND OFRfEdE I C =138 < . bixER
S inotz, LLEDORERSG, NIF & IND THREILICENH D Z ENHL N E 27,

Figure 13. Effect of the addition of polyvinylpyrrolidone (PVP) K-90
on the dissolution of indomethacin (IND) from the granules (IND,
PVP K-90, PCS and xylitol; 1:2:4:7 or IND, PCS and xylitol; 1:4:7).
Keys: PVP K-90 (+) (@), PVP K-90 (-) (A), IND (). Data are
presented as the mean + SD (n=3-5). *p<0.05 versus PVP K-90 (-) by

Drug release (%)

F

o
k.

Iy
L L
L

0 2 4 6 3 Student’s t-test.
Time (h)

Z ZC, NIF & IND OHiEZH LT D701, WA TO IND OIREEIZ OV TREHE T2
720 EF.PXRD LV IND OfRFEAZR E—27 1F,11.7°,16.7°F L O 21.8° 12122 = v 7= (Fig. 14(a)) ,
5O IND OB 72 e — 27 1% ASD ICBW TNk L7z (Fig. 14(b)), DSC DOFERIZBVTH
ASD [ZEBWT IND OB L — 7 138 S /e o 7= (Fig. 15), 2D OfEH X, IND 28 ASD H
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CTIHMERIETHFET S 2 & AR LTS PS84 [ERRIZEERIIC IV T IND O s Sk
F % PXRD OB —27 B X DSC OWEE — 7 13K Lizh, U b— L OfbfIcHkT o E
— 7 XK L2272 (Fig. 14(b), Fig. 15), TN HOFEFR LV | BRI TH IND 23 IESLEIRRET
FIETHEEZOND,

(a)

PN

(b)

|
| | #
W“'wu"l Y !

| PM
|yl g
LMM WWM A\W‘( = ASD
- Granule
ALLA____ Ly
| L
Xylitol Nl 4 N.,"‘“hh_ h
Mo Granule

LT —— PVP K90 I W i L L L L L

L 1 1 L 1 ) 40 60 B0 100 120 140 160 180

20 10 60 20 40 60

Temperature (1C)

20 (deg) 20 (deg)

Figure 14. Powder X-ray diffraction (PXRD) patterns of (a) Indomethacin (IND), Figure 15. Differential scanning calorimetry (DSC)
porous calcium silicate (PCS), xylitol, and polyvinylpyrrolidone (PVP) K-90. (b)
Physical mixture (PM) (IND, PVP K-90, PCS; 1:2:4), adsorption solid dispersion

(ASD), and granules (IND, PVP K-90, PCS and xylitol; 1:2:4:7).

plots of indomethacin (IND), physical mixture (PM)
(IND, PVP K-90, PCS and xylitol; 1:2:4:7), adsorption
solid dispersion (ASD), and granules.

iz, Bl IND-PCS [#35 & OV IND-PVP K-90 MO EAEM % FT-IR (2 X W fi##r L7- (Fig.

13), IND @ IR A7 kU, Fig. 16(a)iZ/R T L 912, 1717 (IVRF LV EED C=0 OfififEiEE))
BLN1692 cm! (R A VEED C=0 OBFEIRE)) (IR — 2 2R/ Lz, Zhbor
— 7%, IND & PVPK-90, 721X PCS #EHT 5 PMIZBWTHElZ s/ (Fig. 16(b),(c), —
J7. IND & PVPK-90, F£7-1XPCS #&4A79 25 ASD TlI. TN LH 1684, 1674cm! (ZH L RIY
Nz s 7= (Fig. 16(b), (c)), Taylor <> Zografi*, Fujii & X, PVP /237 n AKE Ko %
& e IND BRI BRIZIBN T 1684em (TN 2R 2 L 2 LCTW5D, OO RIE, IND
DANKRFNIHE PVP K90 DT I REED C=0 M CKERMEGEZR I L TNDH I EERBL T
% (Fig. 16(b), 72, AXTr AT IV U~ 7 %27 A (Neusilin USy®) OFMHIZIF(ET H Mg
F 7L AP E IND O VAR F OV TA A kA EAER (B E D bie LA) 23
HEEINTND Y, X512, IND OA/LRF VL E Neusilin US,*® Si-OH #k & ORIZAKHFERE S
FETDHZEIRIBILTNS D, Doan B X, 1775cm D-COOH D /LR = /L3 K73 Na Hi
WCEHT % & 1676em 127 R T HZ EERELTND, INLDOEERNS, IND O-COOH 5y

& PCS D Ca¥ b A A UMRICE AR EZRHZLTWDHEEZLND (Fig 16(c), & HIT,
1692cm™ DX A VHD C=0 DB — 7 OEKIL, IND DXV A )LFED C=0 & PCS @ Si-OH
K oMoKERKAEERE LT-, IND, PVPK-90, PCS #&H 15 ASD., BLUOIND, PVP K-
@ 5D (b) IND and PVP K-90

(¢) IND and PCS (d) IND, PVP K-90 and PCS (e) IND, PVP K-90, PCS

and Xylitol

1717/1692¢m!

PM

\/ n
1 1

% T

%T

™\
Y

™M

ASD

-
=

"y
v

PM

2T

Y

PM

2000

1800 1600

2000 1800 1600

2000 1800

1600

2000

1800

1600

2000

1800

1600

Figure 13. Fourier transform infrared (FT-IR) spectrum of the physical mixture (PM), adsorption solid dispersion (ASD), and granules.
(@) Indomethacin (IND), (b) IND and polyvinylpyrrolidone (PVP) K-90 (1:2), (c) IND and porous calcium silicate (PCS) (1:4), (d) IND,
PVP K-90, and PCS (1:2:4) and (e) IND, PVP K-90, PCS, and xylitol (1:2:4:7).
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90, PCS, &+ VU b—nN&2EATHERIZHOWTHRBEORERNE SN (Fig. 16(d), (e), 215
DFEERN S IND 1L PVPK-90 & /K#EREA. PCS LR Z N L CTHAEMERZEZ L, Kt <4
NRCIERERETHFEL D EEZLND (Fig 17),

INETOMRFHT LY NIF [Z#AIHC ;
PVP K-90 3 LU PCS &KFEREG &R L7z pr}si’o_T/OH Y :S‘/
(Fig. 17), —7J7. IND (Z#5I% T PVP K- Yo ° X
90 L IIAKFEHEA . PCS LidA AU fid 2R 0w O~ si—o—si—0_§,

i e . \
L. PCS L DREHAITIEN R H D LA [ N o %

B Sk feot, A AUREAITAERE & s ao °

D HIEETINBRNZ ERHMLN TS Z & Cz:\

225, IND [ZHAIH ¢ PVP K90 & bhils L ° gjﬁ ﬁ
CTPCS LM ANEM AR S LTD L& o 2

71%%5 ko, IND OWMHE L PCS |

CHBS L, REASBO DA o && Q‘]C\‘\‘O\’O
f_k%z%ﬂéo\_@;éﬂb)%\NIFkIND ’[)\)\/I\/} M
@f%jj&'ﬂﬁ@%%&i PCS é: @%é*%it®§b\&: 4—— Hydrogen bond === Jonic bond

BRI A EEZ2 5., PCS & OKEFEEN Figure 17. Difference in interaction between nifedipine and indomethacin.
AIRBACIZEE TH D Z E PR I T,

Fan 5 49}, PVP K-30 (2 L 2 REHE E— X0 LR Nt SN D 2 L 285 LT 5D,
B 5 OBFFECIE, FEPIX PVP K-30 L FHAMEAE Y, PVP K-30 REHE E— XD 7Lk, BLW
BN ORI A BT b7 2 AR LT WD, —F. AR THWEZEY O d1 ¢ NIF DO
73 PVPK-90 % & ¢e PCS BRI D OIRBMEA /R LTz, 21 b OFEF LV | NIF O b7’ NIF-PVP
K-90 [, 3 L UINIF-PCS lOKFBFEAICL D bOTH Y, BlisEHa—T 4 7 TlERWEE
bbb,

/N

1) PCSEBLV'PVPK-90 %\ 5 Z & T, WiEhiiAIC & 2 NIF ORI A5 Bk SLA o B 5%
MWA[EETH D Z EDRH LM LT, TOREILIL PVP O4 & & RN LT, Foisg
1. non-Fickian JLBTH 5 Z L AVRME S FL, PVP D/KFI, KDRFE, KX UPVP DR AN
FERI/N 5D NIF ORI EEST 5 Z ERAL N7, LaL, IND TIHRBEILIZRD 5
T, MR CHRBILIZERH D Z DA LN RS T,

2) HAIH O NIF 36 K OV IND [ ZIEAEIRAE TIE(E L CTuh7z, NIF-PVPK-90 [#. ¥ K OV NIF-PCS
DOFAAEAIZ. NIF O NH #3 LTV C=0 # & PVP K-90 @ NH %% 7213 PCS @ Si-OH T/
FECGER L TND Z R BMNE o7, —J7, IND-PVPK-90 [#], 3 L OV IND-PCS fH D
FEAERIZ, IND @ C=0 % & PVP K-90 @ NH J: T/ FEfEA. IND D-COO-& PCS @ Ca?t &
DA I U CTHAER L TW5 EB 2 Hivlz, UL ED S NIF & IND TOMRBALOFHE T
HW)-PCS I OFEEER OB NIRRT 2 b0 & bihvs, ZOZ End, FY-PCS HOKFE
FEEDABRBILICIZEE TH D Z ERNRB I T,
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B2E  HSD Z VT AR 5y s TR O FR R & FRAifh

%1 BT PCS 3B X OVKIEME G FO OIS L 0 #kiEEskY) (NIF 35 X OV IND) O i E
R HARFERL OFRBLN FIRETH 2 S 2 it Lz, £ ORER, NIF 1Z PVP K-90 % & ¢ PCS f
Ko b OBALZ 7B 7, —J . IND I PVPK-90 IsIINC X 5 AN EIZ Xd°, PCS Hifll, PVP
K-90 ff F o i S - W TR 2R L7z, FT-IR (2 K D HIE OfG B . AR IZ I35 -PVP K-
90 [, 3 X OEEY)-PCS MO AAERAMNEE TH 5 Z & 23R X4, NIF |X PVPK-90, 35 X TYPCS
L DKBREENBIESNT-, —J7. IND TIZPVPK-90 & DAZBEENBIE I N b DD, PCS &
MBI BIEL S, 2O PCS & DIEFERAREILIZE S oo o/ R & B 2 v, AR
PCS DEAT D CITERT 2 Z &0 n, MERICREA A 2 a5 WA BEEHND Z &
T, IND IZBWTH PVP K90 IZ L HMBULAFEETH D L E 2 bive, £ 2 TH 2 B TIL PCS
VSO Ir A B3R E VTR 24T 2 & & LT,

BAE, TIRSATWD ERT A BEOLTR, BT E L DR % Table 3 B8 LV 4 IR
T, PCS 1FfhD 7 A BFEIC A REED/ DS WE OO, R FEOMILER KR E N, ZH0E
IR 2R D Z LICER L TWH B X 6D, T AT VI Vg~ 7 %2 7 2 (Neusilin®)
IFHREEDRE <, HKEMEY OBEHIELZ SET 2O OERSBAEERE LTI
T2 101650 UL PCS I Hb SR A0 FLEE 23/ &, PCS, Neusilin®id, Si-OH JELISMC
PCS TIEH /T 7 A Newsilin® ClIT VI =T LRV IRV T LW To@®RA T v A ETIC
HT 5, —FH. It A F (Carplex®, Sylisia®s & T8 Aerosil®) 1E, Si-OH &2 G5 5705, &FEA
A FH L7gv, FE72, Carplex® & Sylisia®l3ZFLMETH 523, Aerosil lTAlFLZ A L2V, Carplex®

Table 3. Representative silica examples and product names.

Structural formula Product name

ZAETABRINT Y L 2Ca0 - 35i0, = mSiO; * nH,0 FLORITE RE

TABTAVI VR~ XY UL ALO;s* MgO * 1.7Si0, * xH,0 Neusilin UFL,
EXRZBILT AR SiO; = xH,0 Carplex #80
kA% Si0, = xH,0 Sylysia 350

Bt A % SiO; * xH,0 AEROSIL 200

Table 4. Representative silica examples.

Specific
Particle size surface area  Pore size  Pore volume

Photographs Structure type
(pm) (m?lg) (nm) (mL/g)
ZHMET A BINLY T A Porous structure 31 120 150 3.57
9
FABTNI VBT XD A Porous structure 300 13.7 1.3
(0.9~31)

BRZBILT AR Porous structure 8.1 200 202 33
kAR Porous structure 3.9 300 21 1.6

Bk A FE Non-porous structure 0.012 200 — —

11



%, Sylisia®|Z RIS WS DORL FRENPRKRENE WV FEEHA LTS, bk
M FEORL B DIE VDN EY) DR RSB 52 5 B2 6b, £, 7ABEICEEN
LagA A L OMAAERNIEREIRBORENER L ORI r 52 52 & bl
INTWD 29 KSR THWD 7 AL L CUIZAMETH Y | EPIcER A A28 E7
W T & DEEKIE TR O HMESGE . TSR S IRBUBICHRETH L EZEZXA BN T LN b,
Carplex® & Sylisia® N A N & B2 b b, 22T, ZHHOHNE Carplex®Z &N, LU T O
BEITo T,

AREED BT, HOKEMEERY . PVP K-90 3 LN PCS LIS D 7 A BdE & WA ICB N T,
PCS & [FIBRIZ R B B AR B AR OFIRIN FIRECH H 2 L B R L, T ORBIE A B =KX L%
ONCTHZETHD, ZOHERDTZOIZEH 1 fiCIEE K b A F% (HSD, Carplex®) %
BT D IR E RS R A R U 7o, MEKTATESRYE T v & LT NIF 23O, HSD # A
WO AR BUAR TR O S b 21TV, RIS, AR O NIF O I & IE T PVP K-90 D3
AW DI LT, 85 2 HiCIX NIF LIAMZ #EOK Sy £ 7 v & L TIND, 7' 1 7 A7 1 > (PRO),
HNNRZPE(CBZ), 7==hA(PHE), £ 7707 = (BU). 7V tF+7LEGFD 6 Ff
FDOIE 23R L, HSD & W oIz 552287 & N PVP K-90 & W7o Adbis x4
DRI OWTHRE LTe, 3 3 #iClImidb A 1 = X A O %47 - 7=,

1R HSD % Wil eMEds 3 ORI [ AR 53 B AL o i

51 BIZEW T, PCS 2 W Tod M A 53 AR R D 4L T5 O et b 2 D W\ TR 2 1T o 72
Inolz, ZOBHE LT, PCS & MW Tod ik E 5 R O BGE I SV T, AWFJEE TR
AEMA, BECHELTBY, ZOUFEIEAL LizZ L2k b, LaL, HSD Tl a1T-
TELT, RUTAMETIISH 508, MALCHREME, RAKESINEZRY | PCS DT %% D
FEISHT L LITRETH D L EZDND, T I T, HSD Z AU 7o a4 5y A SRz D AL
B OEGEALIC OV TR 21T 2 72,

(1)  FEEHIOZER

RBRIEEE CHUARIIC PCS MM A A IR AGAIO BRI 3500 CL AL LB = —n
SPEIC OV TR 21T o 72, ZhUE, BT Lo — VOB PCS OEELICE L TV 5 Z &
WAROEE TH D05, PET /L2 — /IR AA L LTHHn bR TERY | R oRLEI

Table 5. Compositions of drug formulations.

Formula
1 2 3 4 5 6

Drug (9) 2.5 1.25 0.625 0.625 0.625 0.625

PVP (g) 0 0 0 0 0 10

HSD (g) 40 40 40 40 40 40
Binder (g) 100 100 100 70 150 150
Ethanol (g) 50 50 50 50 50 50
Water (g) 50 50 50 50 50 50

PVP: polyvinylpyrrolidone; HSD: hydrated silicon dioxide.
12



LRI TWD, £ 2T, HSD ZHWW sk B R BUABER 2 15 5 72012, 4 FEORET L
a—)b (d-~v>r=hr—, YAE =, =Y RY h—)b FVU h—/L) & 2FFHDOHE (F L
H—A, 77 h—R) &R L, Table 5 @ Formula 1 (2SN CTRATERIIEIC K 0 Fkr & FH
L. IWHRBRZ1T - 72, mliR ki C PCS 2% A L(Fig. 18). NIF & /Kiattmy+2IRA LT
TH ) —VEIRZ AN, SRR, 60°CT 12 WP S 70, oids, M. HEREhIc AtL,
FEARZTM L, 5 5 HE#ER% ., KEHRINT 52 LIk v ki z2Blth Lz, BHEIC X dhnikee

MR L7 D, ISR E R WA ITITE B AR E N X 72, SRk 7%, 12 FEMgE S, FhL,
fiE, R ZATVN, 500 25 850pm DFEKIZ Y 7L b Uiz, IEHRBRORE B % Fig. 19 [TRT,

NIF-PVP-ethanol Sieving
solution Binder Water
HSD 5 <_@> l@J l
7\ i | 0 %
L\ N\ e D Drying [ a3l D a3l D 5l D Drying [ i D
\i;_._g/ e L = ) = % == =/ l
| Wet granulation >
Adsorption solid Granules ranging in size from
dispersion (ASD) 500 to 850 pum were used.

Figure 18. The preparation method of formulation with hydrated silicon dioxide (HSD).

R N e R D A S R IS LA "
KIS D NIF OVEMEEEE I ORET v o — /L F 7213k
AW THRE L2k L v bl YL E b= 2
HiEN - 7= (Fig. 19), Sugimoto & 01X, MM AREEEE
O ORENAREERERT S, YL E h— > L a—2>F% 1)

& o
= =

=
=

Drug release (%)

[
=

=

f—=n><o=hr—> R h—)LTHAHZ & X2 ' l 'simc(h) ! !
%: LTw 5 o Z ﬂ&i\ %%iﬁ®7kl\®/§ﬁgf§ 2: 7k/§{€i EF[ Figure 19. Effects of binder on the nifedipine dissolution
0)*5};“:&:@ LTEY N {ﬁﬁﬁfﬁﬁ K U*{E}E 75§%b MZ &ﬁﬁ profiles from the granules (Table 5, Formula 1). Keys:

%U@H%ﬂ%ﬁ#ﬁaﬁ @ﬂ:% ﬁlﬁ E *L AT & 23 % . /}\%@7}{@{% Erythritol (@), mannitol (A), xylitol (H), trehalose (O),

fructose (A), and sorbitol ((1). Date are presented as the

FNT F 0 FERINEN RS PRSI ASTE R S A, K DEEAIIN ~
DR ANERG 72O\ O PEN R EERER AR IET 2 &5 %
b TWD, £, v =hr—, ZURY b= LFHET L a—LOF THERNEENS, O
PENAREESEDIRERI L L CHRIH SN TWD ¥, ZR50MENS, v~ =h—LEx U RV |
— L% W HERLC NIF OFEHED - 7 JH IR & LT, BERRINER A~ DK D A DML OFEFFEIZ He~
ol Z ICRRT S EEZLND, UL EORER &K ~OEMEEE R X OVKERIR T OREEE 2 Nk
L. HSD HERIDOFEEH E LT AU h— L ZiBR L, LIBEOERZIT-7-,

mean + SD (n=3-4).

(2) NIF OFHEDEE

RIZ  NIF O ¥ s B2 1263 2 BRI o NIF & A S OISOV TRt 417 - 72 (Table 5 Formula
1-3), BRI & O MHEREE X NIF 5 A\ IR, dGE L7 (Fig.20), T OV fREEE)S B8
L7ZBE & LC28% b5, IHRBRICHA L2 NIF O&IZ—& (10mg) THH7=w, JHkL
H O NIF &H EORUIL, WHERBR T A L7 R EOBINAZ BE%R T 5, Lo T8 1 AU,
HERLH D NIF OB R IIFEOHNINC L A EMREE ORI TH 5, 2 ML LT, NIF GHEDE
WERZ T NIF O— 3B E TR E LTHEEL TV AR TH S, Z0%E 2 HHD
AREME A BT 572012, DSC IZ KV iEsa B OF 2 MR8 L=, Fig. 21 IZZ DREREZRT,
PM ClE 172.4°CIZ NIF F RO EA L — 7 BEIEL S HL, ASD Tid NIF OB L — 7 1375k L
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7o 7. EERITIE 120°CATIT & 165°CAHT I B e — 7 Mg S -, 120CHHED B — 7 13—
UXU%~w’E%ﬁé&ﬁf~&f%aﬁﬁCHLwt—ﬁuowfp\MS%%wtuw®
BREHCBWTHBZEINTE Y, WELHEBII R TH L0, W7 v a—/LORMRIC L IERE
REED NIF DR L Z TR TIE W EEZ TV D, LT - T, NIF &8 & /2 X 5 NIF
DOIRfFEHREE S FED E B X, BRSO NIF OF R HBEOEMTH L L Ebhd, 2. £
DVFRIEE OUGEIL, PCS BAI & [FARIC HSD BAIHFIZHWTH NIF BIEmE L LTHEET DL Z
LICERT D EEZ BN,

NIF
100 l
PM

—_—

®
S
»
i Z

Drug release (%)
153 = =)
] [} [
Heat flow
2]

=

L L L " "
0 2 4 6 8 40 60 80 100 120 140 160 180
Time (h) Temperature (°C)

Figure 21. Differential scanning calorimetry (DSC)
Figure 20. Effects of nifedipine (NIF) amount on the plots of nifedipine (NIF), physical mixture (PM)

NIF dissolution profiles from granules. Keys: Formula (NIF: hydrated silicon dioxide (HSD):; 5:80),

1 (M), Formula 2 (A), Formula 3 (@) (Table 5). Data

are presented as the mean = SD (n=4).

Absorption solid dispersion (ASD) (NIF:HSD; 5:80),

and granules (Formula 1, Table 5).

() wHHBREIORE

TR O LV | EHERBRRH BRI S n . 2 < ORI EEICHER L T
HEETDBIE ST, £ 20, IWHRBREED N RV OREREEE 7S NIF OPEffEEIC 5 % 558802

DWTHRFTZAT o 7o, £ DORER /N RV DEELHE Z 50rpm 705 75rpm (ZHEMSE 5 Z &2k D,
FERL D43 7R N B2 S U, NIF ORI L2 (Fig. 22), VL EOFEE G LIEOEE
HEBRIZIB W T, S RV DEHREEE A 75rpm ITERE L7,

Figure 22. Effects of rotation speed on the nifedipine
(NIF) dissolution profiles from granules (Formula 3,
Table 5). Keys: 75 rpm (@), 50 rpm (A). Data are

presented as the mean + SD (n=3-4).

Drug release (%)

Time (h)

(4) U RY F—JURINEDFE

HSD % F U 7 B e [E ARy BUARTERL DAL % S O\ b 3572012, = U AU h—/L DU
BIZHOWTHFHI L7z (Table 5 Formula3-5), FOfEHE., =V 2 Y h—/LEOHINIEV Y, NIF DR
%ﬁﬁﬁ&%éntokzw F 72, Formula4 CIXEHEERBLG 15 701% CERLO FAEZED 30%
FREETH-7=DIZHF L, Formula 5 TITHEKLOFAEZRIL 90%IZHIN L, 8 FEFHZIZIE 100% 0D itk
EEE L, Lo T, = U AU F— L E&OEINILE, TBRLORREERFRI N Lz, Zhid, =
YUY b—/LEDOEININ D R R ~OKOBAMEDOUEICERNT L E2 61D, Zb Ok
/D, Table5 @ Formula 5 23 AMFIEIZ 35T D HSD % I 7 38 et [ 1453 BOUAS FEDRE. 0D S5 i 72 0L 7
&L, DA, SRR AR BURER O B Formula 5 DML 2 W5 Z & & LT,
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Figure 23. Effect of erythritol amount on the
nifedipine (NIF) dissolution profiles from granules.
Keys: Formula 3 (A), Formula 4 (H), Formula 5
(@) (Table 5), raw NIF(O). Data are presented as
the mean = SD (n=3-4).

Drug release (%)

Time (h)

(5)  HSD % JH\ 7= 8 ke [ R 55 AR R o S MBL AT
HSD % A7 s A [ 1A 53 B JEDRE 0D fi o 7 AL 5 703 TR i
L7cZ &dnh, FERLOSMBIFEAT 21T - 72, PCS 4 & ik L
T, fEAHIE LTRHWETY 2 =L RRE NI LD, e ¥
BRIRE SR DN CTh -7 (Fig.24), 7o, ZEMEIZM™  Fgureos, ;hotoér;;r;; of grz;;wles Formula 5 Table 6.
D G4, HSD #ANZIHB VT H PCS BH) & RIERICH IR
DRHEIZ X0 BRI R SNz LB 2 b,

(6) PVPK-90 % AW 7= i+ 2 i

() ~@)DREFFC :Jbb\fﬁﬁﬁzrilﬁk TECIRERL O AL %
{T->7=, & ZTPCS &[FEERIC HSD 28\ T PVP K-90 %
ﬁﬁb\é & T NIF OG22 alh T&;éb%bx HSD 5l

\Z31F D PVP K-90 % AW =R kI k3 2 I DWW TR
L7z, ZOREE Fig. 25, 26 1~ d, BRI OREEEN
5. ML 2R X 4. Table 5 Formula 5 O YERL & [FIAED
ORI S iz &5 2 b7 (Fig. 25), PVPK-90 % sl L 7= Formula 6 ORI OFTH DV
HIUTEIEASFE 8O H AL (Fig. 26) . Fig. 26 (ZIdGEH L TV Wy I HEERBH G 24 IRFf#] & C NIF O
90%F2 L DM AR BB HERF ST, DL EDORER ) PCS & [FAKIZ HSD 128V T % PVP K-90
ZHW%5 Z & TNIF DIRBALBAIEETH D Z E R BN E o T,

Figure 25. Photographs of granules Formula 6 Table 6.

—
=
=3

Figure 26. Effect of polyvinylpyrrolidone (PVP) K-90 on

%
=]

the nifedipine (NIF) dissolution profiles from granules.
Keys: Formula 5 (@), Formula 6 (A) (Table 5), raw drug
(). Date are presented as the mean + SD (n=3-4).
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*p<0.05 versus Formula 5 Table 5 by Student’s t-test.
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ZORER% Fig. 28 127, 6 FEFDIEY) TIY B OFSfFHE & btz LT, HSD % V7o ik
(Formula 5) THWMOIAMEIEE NS HE LT,

(a) IBU

= o ® 2
e & & S

Drug release (%)

o
=3

Time (h)

(d) IND
100

80

60

40

20

0
0

Drug release (%)

4
Time (h)

(b) CBZ
100

80

60

40

20

Drug release (%)

0 2 4 6
Time (h)

(e) PRO
100
80
60
40
20

Drug release (%)

Time (h)

(¢) PHE
__ 100
E g0
o *
E 60
E 40
£
E 2

0

0 2 4 6 8
Time (h)

(f) GF
_ 100
< 80 X
p
2 60 *
=
B 40
g
E

0

0 2 4 6 8
Time (h)

Figure 28. Effect of polyvinylpyrrolidone (PVP) K-90 on the drug dissolution profiles from granules. Keys: Formula 5 (@), Formula 6 (A) (Table 5),
and raw drug (H). (a) lbuprofen (IBU); (b) carbamazepine (CBZ); (c) phenytoin (PHE); (d) indomethacin (IND); (e) progesterone (PRO); and (f)

griseofulvin (GF). Data are presented as the mean + SD (n=3-4). *p<0.05 versus Formula 5 Table 5 by Student’s t-test.
UK b D HM DRSS E 2 BB S 72012, DSC IC & Y EHl L7=, % O %% Fig. 29 1273,
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Figure 29. Differential scanning calorimetry (DSC) plots of drug, physical mixture (PM) (drug and HSD; 5:80), Adsorption solid dispersion (ASD)
(drug and HSD; 5:80), and granules (Formula 5, Table 5). Keys: (a) Ibuprofen (IBU); (b) carbamazepine (CBZ); (c) phenytoin (PHE); (d)
indomethacin (IND); (e) progesterone (PRO); and (f) griseofulvin (GF).
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HZ LT, EYOWHMENSESHD EEZ BN,

WIZ 6 FEFADFEMZDUNT PVPK-90 % FW RISk 2 B2 MFt L & 2 A, PR
BHARIZ ZE03 58 &b%w‘_ (Fig.28), CBZ 3 LUV IBU Tl&, UL FRO Bz h o7z, —JF . GF
BELOPRO TiL, BRIEALNBEEIZFRD b7z, IND, PHE Tid, #IHIORHITEEN L S,
WAL DT NNERO bivlc, T OWRBILOEEOENL, HEY-HSD M. I L OHEY-PVP K-90
MOHAFEHOHEICERT 2D LB HND, REMLOREDE NG NIF 25T 7 FEO
w3 OO A TR LTz, BREUEDRRBD bivieh-7-38% (IBU, CBZ) =54 7 1, &k
LT MNICERD b=y (NIF, PHE, IND) %% A 7 2, WL BE IO b -3 %

(GF, PRO) #A 73 & L7,

£/ IND IZBWT, 4§ 1 2 THE L7Z PVPK-90 % AV 7= PCS ORI Tl b A 8lE S s
Do T=DIZxt L, PVP K-90 Z M\ 72 HSD ORI CIIRb 3 BlgZ Sz, Ziud, #iEhics
JBA A B EE/RVHSD & V-2 L TUIND E&BA A4 & O IE SN k%i
HILb, O EMND, IND L PCS OV (2 HSD AL L CTHWD Z & TR LD fTEE
HHZEBHBLMNE IR,

%3 #i PVPK-90 |2 X DRI A J1 = KX 2 OFREA

A L 0 . 7 FEO IR DEEDENI LY 3 5D F A FITHE LT, £ 2T, AfiT
AR B DFEE DA ’tlﬁ“é@ﬁxﬁﬁ’é’ﬁfﬁﬁwk 7 FE¥EOHY) (NIF, IND, PRO. CBZ. PHE,
IBU. GF) 22\ T FT-IR | oy P BEAEROBLE OET 2 A 72, FEMHSD 72133
¥):PVP K-90 D tL=R % 5:80 73% 40:80 (225 &E7- ASD & PM 2l L, HIEZIT - 7=,

(1) IBU
IBU ® IR A7 kL% Fig. 36 (27773, IBU @ IR A7 hJLiE, 1721 (VR F 2 VED C=0
DOARFEIRED) I EAY e e — 2 2R L7z oV, PM B L OVHSD & D ASD Tid, T _XTORTH
Ee BB sz o 72 (Fig. 30(a), (b), (d). BEARGEUARAIA N NLOE—2 7 M
F T r— MuldEEY OIS EIZB T 2 EE-HZ <7, L L., Fig 30(a)iZk\ T IBU B'—
4 @'NI: IR SN2 o7, Fig.28, 29 LV | IBU L HSD ICW4E SE 5 Z L2k 0 IESE L 72
BRI D O NS E SNz, 2, IBU & HSD M SO AEERZA L WD 2 %
RLTWDEBEZLND, ZNHOFER LY, ASD 0 IBU (% IBU:HSD=5: 80 £V D72\ =R T
MAERZEZ LTS EEZLND, —J7. PVPK-90 & ® ASD TlE, T _XTDOHHETIBU O

(a) TBU-HISD ASD (b) IBU-TISD PM (¢) TIBU-PVP ASD (d) IBU-PVP PM

1721cnr!
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Figure 30. Fourier transform infrared spectrum of ibuprofen (1BU). Keys: (a) Adsorption solid dispersion (ASD) of IBU and hydrated silicon dioxide
(HSD), (b) physical mixture (PM) of IBU and HSD, (c) ASD of IBU and polyvinylpyrrolidone K-90 (PVP), and (d) PM of IBU and PVP. Each ratio
represents the ratio of drug:HSD or drug:PVP.
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v — 7 OERPBE ST (Fig 30(c)).

(2) CBZ

CBZ ® IR A7 kL% Fig. 31 127”59, CBZ @ IR A2 h/LiX 1595, 1605cm”  (-NH DOZEf
EE) 1677cm! (C=0 OfiifEfREL) . 3466, 3161cm” (-NH OffifEiRE)) (CH A2 —2 2R L
72 60, PM Tl _RCO R TELIFMIED Lizb DD, CBZ O ¥ — 7 gL S 7= (Fig. 31(b),
(d)), PVP K-90 & ™ ASD TlE, CBZ:HSD=10:80 TOLLZERT 1677cm D ¥ — 7 MR Iz, —
J7. PVP & ® ASD Tl _RTCDERTCBZ O — 7 3@ s~ 7= (Fig. 31(a), (c)

(a) CBZ-HSD ASD (b) CBZ-HSD PM
595/1605¢m
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N s .80 = 20:80 o
= 15:80 15:80 = = 15:80
15:80
\_'/J\ 10:80 10:80 10:30 10:80
5:
\_/\ 5:80 5:80 \_\{_'f/\ 5:80 80
1 1 1 1 1 1 1
3600 3400 3200 2000 1800 1600 3600 3400 3200 2000 1800 1600
em! cm™ cm™! cm’!

Figure 31. Fourier transform infrared spectrum of carbamazepine (CBZ). Keys: (a) Adsorption solid dispersion (ASD) of CBZ and hydrated silicon
dioxide (HSD), (b) physical mixture (PM) of CBZ and HSD, (c) ASD of CBZ and polyvinylpyrrolidone K-90 (PVP), and (d) PM of CBZ and PVP.
Each ratio represents the ratio of drug:HSD or drug:PVP.

(3)  PHE
PHE ® IR A7 kL% Fig.32 {2789, PHE IZ 1718cm™ & 1772em™ (2 C=0 OMfEHRE), 1741cm
Z-NH OEAEEINTRD S 9, PM TIET X TOLLET PHE OFEMIRE— 7 BRI

(a) PITE-TISD ASD (b) PHE-TISD PM (c) PHE-PVP ASD (d) PHE-PVP PM
1741cm?
1772em 1718em™!
e PHE PHE PHE
40:80 40:30 40:80
20:80 40:80
20:80 : 2080 20:80
= = = =
2 2 1580 2 2
15:80 15:80 15:80
10:80 10:30 i
W 1050 00
5:80 5:80
W W . w 5280
1 1 1 1 1 1
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et et

Figure 32. Fourier transform infrared spectrum of phenytoin (PHE). Keys: (a) Adsorption solid dispersion (ASD) of PHE and hydrated silicon
dioxide (HSD), (b) physical mixture (PM) of PHE and HSD, (c) ASD of PHE and polyvinylpyrrolidone K-90 (PVP), and (d) PM of PHE and PVP.
Each ratio represents the ratio of drug:HSD or drug:PVP.
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(Fig.32(b), (d)). ASD Tl PHE:HSD=10:80 . PHE:PVP=40:80 L. ED 3T 1741em O B — 2 A3

R b7 (Fig 32(a), ().

(4) IND
IND @ IR A7 /L% Fig.33 1259, IND @ IR A7 kUi, 1717 (L ARF
OBFEIREY) B L N1692cm™ (2 Y A LVEED C=0 OHEHEIESR)) ([CEM 72 e — 2

VIVEED C=0
s iz,

PM TII 9 _TOLHE T IND OFEA 7 e — 7 Nz Sz (Fig. 33(b), (d), HSD & ASD T
IZ. IND:HSD=15:80 UL ED T 1717cm! B — 27 ML I 7- (Fig. 33(a)), — . PVPK-90 &

® ASD TliX, IND:PVP=40:80 LI EDOHITIND 2 2O —7 Bl sl (Fig

(a) IND-TISD ASD {b) IND-TISD PM () IND-PVP ASD (d) IND-PVP PM
1717em L 1692cm!

IND IND IND

40:80
- = _ 080
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.33(d)) .

Figure 33. Fourier transform infrared spectrum of indomethacin (IND). Keys: (a) Adsorption solid dispersion (ASD) of IND and hydrated silicon
dioxide (HSD), (b) physical mixture (PM) of IND and HSD, (c) ASD of IND and polyvinylpyrrolidone K-90 (PVP), and (d) PM of IND and PVP.

Each ratio represents the ratio of drug:HSD or drug:PVP.
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(5)  NIF
NIF @ IR A7 kL% Fig.34 (27”59, NIF X 1678 (C=0 {hfEEEh) 35 L0 3327ecm! (-NH &
AFIRED) ICREM 72 B — 7 BB S D 2, KIS RT X 912 PM TR T O T NIF i3k
DOE—7 BRI (Fig. 34(b), (d), ASD T, NIF:HSD=15:80, 3 J U NIF:PVP=40:80 /5
NIF ® v — 7 B3@lg2 S iz (Fig. 34(a), () ).

.

(6) PRO
PRO ® IR A~XZ kL% Fig. 35 1Z7xF, PRO L, 1662, 1699cm™ |2 C=0 DHFEHRENC K 2 4
Br7e v — 2 %~ L7z %), PM Ti% PRO:HSD %5 & OV PRO:PVP O T D ELEE T PRO DFFEII 72
v— 7 Mgt Sz (Fig. 35(b), (d)), HSD & @ ASD Cld, PRO:HSD=20:80 7> 1662cm™ ® £ —
7 iR b (Fig. 35(a)), —7J7. PVP K-90 & ™ ASD Ti&, PRO:PVP=20:80 2>5 PRO @ 2 D
OY—7 PSR (Fig 35(c)).

(a) PRO-HSD ASD (b) PRO-HSD PM (¢) PRO-PVP ASD (d) PRO-PVP PM
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Figure 35. Fourier transform infrared spectrum of progesterone (PRO). Keys: (a) Adsorption solid dispersion (ASD) of PRO and hydrated silicon

L a) NIF-IISD ASD i (h) NIF-IISD PM .
dioxide (HSb), (b) physical mixture (PM) of PRO and HSD, (c) ASD of PFEO and polyvinylpyrrolidone K-90 (PVP), and (d) PM of PRO and PVP.
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Figure 34. Fourier transform infrared spectrum of nifedipine (NIF). Keys: (a) Adsorption solid dispersion (ASD) of NIF and hydrated silicon dioxide
(HSD), (b) physical mixture (PM) of NIF and HSD, (c) ASD of NIF and polyvinylpyrrolidone K-90 (PVP), and (d) PM of NIF and PVP. Each ratio
represents the ratio of drug:HSD or drug:PVP.
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(7) GF

GF ® IR A~ V% Fig. 36 12777, GF (X 1660cm™ & 1707cm™ |2 C=0 OfifEKENIC L 5 ¥
— 7 BB SN, PM TIET R TOHERT GF O v — 27 M SN -0lckt L (Fig.
36(b), (d)) . ASD Ti&, GF:HSD=40:80 3 & T8 GF:PVP=20:80 LA E DT 1660 cm™! O &' — 27 2338
»oHivz, (Fig. 36(a), (c) .

PL b, 7HEOIEMIZ BT FT-IR (2 L 0 E-HSD . $E#-PVPK-90 ] v°— 27 24k, HHENEH
WZOWTHERT 2Nz 72, F DR, HY-HSD F 72133 Y-PVP K-90 @ ASD THMHiko v — 7

Table 6. Ratio observed drug peaks in ASD sample by FT-IR.

GF PRO NIF IND PHE CBz IBU
Drug:HSD 40:80 20:80 15:80 15:80 10:80 10:80 under 5:80
Drug:PVP 20:80 20:80 40:80 40:80 40:80 over 40:80 over 40:80

NIF: nifedipine; GF: griseofulvin; PRO: progesterone; PHE: phenytoin; IND: indomethacin; CBZ: carbamazepine; IBU: ibuprofen;
HSD: hydrated silicon dioxide; PVP: polyvinylpyrrolidone K-90.

DEIE SN % Table 6 (2T, A L7z & 912, FTIR (2B W CTREARSHRRIF 227 koL
DE—7 7 hBLOT r— NMuiZ, EYOIEEIZBIT 2MAFEMZ7RT, AUFFETIE Table
6 |\ZF0Hk L2 R D ASD TIEEY DO v — 27 O 7 va— RMbd 5V AN B2 STz, LR
- T, Table 6 (ZFC#L L7ZHE ARG M D ASD FOFTXTOIYN, FHAERZEZ LTS EEZ
b, E7o. Table 6 (ZRCH L7z R LD S EMLLRAE VY ASD TlE, ' —7 BZMigsh
776 ZAUIE.ASD FUCHIK EFHE/ERHT A Z N TEH2HYEL D L OB L TEY,
R EFEAERT 2 Z ENTERVIEYIL, ASD FICHERE CTHEL TS Z EE2R LTINS,
L7225 T, ASD IZBWT LY @mWIEMHETHEY ©— 7 PEIE SN 5E . EY-IRMH O A
TEROREA 113, OFEY I OHE L D RETH D EE LN D,

(a) GF-HSD ASD (b) GF-HSD PM (c) GF-PVP ASD (d) GF-PVP PM
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Figure 36. FT-IR spectrum of griseofulvin (GF). Keys: (a) Adsorption solid dispersion (ASD) of GF and hydrated silicon dioxide (HSD), (b)
physical mixture (PM) of GF and HSD, (c) ASD of GF and polyvinylpyrrolidone K-90 (PVP), and (d) PM of GF and PVP. Each ratio represents
the ratio of drug:HSD or drug:PVP.

21



YEHKL (Table 5 Formula6) 75 O3 OIE BB 2 IRFULDOEOENNI LV 3 L3 >0 X
AT EREETIOBEENEELELRE LT, LR O LR >7 %47 1 (CBZ, 1BU) IZHBWT,
PVPK-90 & (X _RTCTOIET, HSD LIFRWETHEY Y — 7 NEE SN, ZO/MRED,
A 71 OIEY IR C PVP K-90 & (358< ., HSD I3 <MAEMEREZR T2 R L7, L
TeNo T, XA T 1 O OIRMEREIL, PVPK-90 ODARICHIEH SN D EEZ NS, T2 T, 4
A7 1 OEPYEBLOPVP K- 90 DHNGKD ASD Z il L, ASD 76 OIEHFE 2R Lz &
Z 5. Fig.28 279 Formula 6 & RO HEFE 2~ LT (Fig.37), —/4. #A 7 3 (GF. PRO)
IZFBUWT, PVP K90 & HSD DY — 7 DBIE SN LEDEIL 3 DOX A T b/ S
ST, TDOIEMNL, XA T3 OIEY-HSD s L OEEY)-PVP K-90 M OFH AAEH O TRE D 7E1L 3
ODHEA Thigb/NSWEEZBND, #4772 (NIF, IND, PHE) (28 T, PVPK-90 DHEE
XX A7 3 K0 @SR T, HSD L 13% A4 73 10 bW R TEY v — 7 BBl s iz, 2
D MG, XA T2 OFEYITEERIF THSD X9V % PVP K90 LR FHAEMA AR Z 342 L AVUR
WENT, L, ZOMEIZF AT 1 LHEBELTIHOVLDTH-7, L ED#EL L Y | 3HY-HSD
MOFEA T & FEY-PVP BOFREB ST OZEN/NSWEIZH A T 3<H A T 2<H A7 1 720 #HRiL
DOBEOENITHENEO bz, Lizn- T, FE-HSD HOFEA T & 3E-PVPK-90 [HOfE S
FIDINT o ARG DIRBACICEE CTh 5 LR S iz,

PLbEDZ Enb | FEM-PVP K-90 [ E 72133 -7 A B O &6 57— FHF O AER < |
M FLH A PVP K90 B X OV A BEEHD 85 5 v—F OAITHIEZ 21 2856, HREERF80 5
NN Z EARENTZ, ZDZ Lnh, EYHH A PVPK-90 5 X OV A BEFE O 712 X 0 il &
Z DT ERARILICKRELSFE LTS B2 6D, Lo T, ARHALICIZZEY-HSD D
WAL, EW-PVPKI0 BDOFEBETIDONRT U ANEETHDL I ENHLNE 25T,

/N
1) HSD % Mo d etk A oy B R o OE ATl L 2R el = ) XY b= Th o7z,
(a) CBZ (b) IBU

glﬂﬂ § 100

; 80 o 80 Figure 37. Dissolution profiles of carbamazepine (CBZ) and

% 60 'E 60 ibuprofen (1BU) from the adsorption solid dispersion

%ﬂ 40 Eﬁ 40 (ASD).ASD was prepared with drug and polyvinylpyrrolidone

| 23 . . e 22 . . . . (PVP) K-90=5:80. Data are presented as the mean + SD (n=3).
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17 L7, &5I2, NIF OEHMEET AT O NIF 28R EIRREL 7225 Z LICER Lz, =
D DD, PCS LISD 7 A I I\ T b AU A WA TERL OGRS ATRE T 5 Z &
D BN EZRo T,

2) BIYTHRBUCIZEDTRD BT HEOFEM Z IR BULDIEND S 3 >DZ A T LT,
%471 (IBU, CBZ) 1%, WHZEENIRBULDNRD bivieinotz, #4772 (NIF, IND,
PHE) X, REALDOEER LTI ThHoTz, ¥ A 7 3 (GF, PRO) IFRILOFEN i b IHE
T o7, INDIZEBWTIE, PCS DV IZHSD & V% Z & T, IND OUEMEHE DGR L
720 £ T, HSD IZHBWTH PVP K90 Z V5 Z &1 & 0 SR OB RN A HETH 5
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3)

ZEBHBNER ST,

FT-IR |2 X V 3&4)-HSD [#]. 3E#-PVP K-90 B D#EE 12 el LT, #HREBbOE T L0 538
L7zH A7 1 OFEYx, #AIHFCHSD LV % PVP K90 & OFA IO NN LAVREN
oo 2O EMDL, AT 1 OFEYOVEEEIE L PVPK-90 OAIZHITH S D Z E BB E
potny XA T2 OIEPFIRIFITTH AT 1 LD BT NE DO, HSD (2 PVP K90 & D
OBV EDIRENT, 2D LMD, A7 2 ODFEYOEMHLIZHSD XY & PVP
K-90 Ol 258 < Z it 5 b b, ¥4 7 313, #FM-PVPK-90 [E]., I L OEEM-HSD [E D
WENDENZOSDOFA THTRb/NEhoTz, Lo T, #4473 OEMEEEIL PVPK-90 B
FOVHSD WA IZHlHl &5 B2 b b, BLEL Y, FY-HSD . 35 Z UEEH-PVP K-90 ]
DFEETIDOINT o AN DIRBACICEE TH 5 Z & DR E 7z,

WaFE

KWL TIL, KBS D1 & 7 A BRFAD % W T2 3T ORI E SR OB 2175 Z L 2 B
E LTy, mAGERTEIC X 2 BEERSBUIRRAI ORI XI5 PVP K90 & 7 A BRFEOZ RIS
b\f*ﬁﬂj’]\/ MT®F %//fﬂ:f;o

1)

2)

3)

4)

PVP K-90 72 5 NZ PCS Z W2 Z &1 0 | EKEENESEN D4R e B 53 BUAR TR O B 56
DAFETHD ZEBHLMNE o7, T2, ZOWREULIZ PVP D418 L ORNEIEKT
THZEEHAONI L, &5, RIS O NIF Ot 1%. non-Fickian JE§ CT&H 5 =
ENRB I, L L, BREEIZIZEDIZ L ZRRO b,

A 45 B A S th o 2R D iR e 2 5 L 72, PXRD 3 KU DSC OB X v | &FKIh o> NIF &
IND [ZFEAE DIRBE THEAE L TV 2, & 51T, FTHIR I X %R Tk NIF, IND | PVP K-90
ERFREGEHL I L TCND Z EDRENTZ, —J7, PCS [ TIX NIF [X NH £ & C=0 %% PCS
® Si-OH #k L KFEFEA Z TR L TV 523, IND X COO 78 PCS D Ca¥ iz L T\b =
ENRHLMNE o T, LR T, ARBAGIZIZEEY-PCS IO K FEFREANEETHDH EEZ
bivd,

HSD (ZHE W T bl L7 fEA A 28 INT D = & Tl EE IR R IER O RIS AIEECTH D =

ERHBLMNE R oT-, E512, HSD B LN PVP K90 % W 7=EERIZ T, b @iz

Ehtz, ZOZ ENB, PCS EIAEEICHSD IZBWTH PVPK-90 2 WA Z iz kv, ¥k

TRMESEY) D BB E IR SRR 2 B T2 2 EMARETH D Z ERHAL N E o7, L

L. PVPK-90 % W7 ARBAL DB TIEM ] CZENTRBH B, I XV IRBUED B Hi

RINSTE AT 1, RBUER DT NTRD NI F A 7 2, REUEDBHF IR O bl & A 7
ORI T,

Y ORBAL DFEIEZ I 5 2NMZT 572012, FT-IR (2 X 0 A O 388 OIRFE 2 5 L 7=,
WAL DB B O LRI 2 A4 7 1 OFEYTIL, HSD IZHA PVP K-90 & DOfEH /)7
VN EDNRENTE, TDOZEND, XA T 1 OEYOVEARIERE X PVPK-90 O &Il = 1
HEBZ BN, —J, IRBALDOEENEE CThoT- X A 7 3 OIEMIE, FW-HSD M. 3
-PVP K-90 [ DFEE ST DN DT INThoTe, TOZ Lnh, XA 7 3 OIYOIEREE I
HSD 3 L ONPVPK-90 Wi FICHIH 252105 Z ENRH LN IeoTz, XA T 2134471, XA
T20HMER LI, ZHODOREREY . RREUEIZITEEY -7 A BRER . 3EW-PVP K-90 [#]
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BTN L0 . PVP & A BREED F % I T AR B E B AR BRI O BRRE S A REE T B 2 &
ZH DN LTz, BUETTIR STV D NIF OFRBME: E AR 0 B SAN I 3R 24 & L CHdE
DOEIMFNBOEA S TND P, AW TITAREIEAI & L TPVP OAEHERA L, > 7 e s
BT RESE U Te, — M7t BB o LS VR I T ME R RO Dkl o a—T v
7l JEME TREANEE SND, —F, A THWRIETETH 5 R0ERE T M e
RHREFEZMELET, A=A T v 7T HERESTh D, Lo CHARESE, fEHER 7L T
HY, WEIA A PR FRAE—T ¢ — R BFRRGHEIFICR D 55, 7o, KRR THWET
VIR B 2 HOK MY CTh 5, AWFFEORANE T iEIL 7 A BfaF JOVPVP LA AEAEH
5@@%%@%&% BT HIEY-PVP [, 3EW-7 A WA OFE AAFH O L O E % B

PICTHZETIGHTEDAMREMERH D, I BT, WREMEBIR S BURRLAIZ 0 Cle < itk
EW%&W@% LTABENERTHL Z L& R L, ARWFE TIERA O ENEIZ DWW TRE
AT > TN ARAFFEZE TIZLLRIIZ PCS & FV 72 NIF 851 O 22 @ MR 2170 IsiEER
6 MHRGFEHRIZYH NIF OZEMEICHBEN W L 2R LTS, ZDZ b, ARANZBW
THIEREIREOIEY I THAIT CLE L TRESINTND EE XD, TNDOmMEAEA5H%, RAl
HOEYLZEMIC OV TEELSFHE LT Z & T, BRSEBIRRAIOBITIZX T 5 7 A BREED
ARAMEEZTR L, BESBIERAIOBBICERT 5 2 LRI,
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