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WHFIR~ A% U Z SRR BB L 22 D, Wk~ A U EICE, 1) HERERCEEHZ L0 Rk & 5
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THARERRT DILFH~AX T 3) a—TF 70~ b v 7 2bip S8 LR L O
fil 2T DM~ AF U T L WS RERB D Y, $BE 2 SO TFEIIEY OWE~DOIERE
WHT 27 7a—FThHY, ~AX U THEREN, LL, BREMTFIETIIEREZRY E5 2L
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R THES Z & T, OBENICBT 2 FEMEHZIH L, SRR EZRRT 2, LrLRnb,
~A 7 al e D XD e Ax BRI, BIBE COREMBHELG T, S AT AT
YT 4 DIRTEZHSBNDRDH D, 207D, BIEOER~ 2% /R 2R T 2881, 3EW
FEHOMFENT O FEN OB D BAGE TIEECOIC D S8 2 WA S BT L 72D 7,

LRI BFN DO ENR~ 2% 7 Tlix, UL ViRBfE 2 —7 ¢ v 73 EEZ AWk f =2 —7 ¢~
7 (BXa—7 ¢ 7)) BARBIHA SN TN D Y, kL - OREIZE) —Tea—T 1 v 7Tk
T DI, R IXERIE D) — 7R E A2 A L CnAH Z ENEE L, FHHROEEE
Fl FEdbELr—AAERE) OREIC, EPERY ~—FIKR & LB EEEIC L VBT
L—a—7 4 U7 LT L TG >0 §l& ki, 557 BRI SRR 1 i SR I AR 72 R
U~v—%R BT R—a—T 4 V7T HZ LI, R~ A TR 2R L TV D,
L, Mg —T 4 v TEEARAWEA T L —a—TF ¢ U ETIE, R Y~ —IEIR OISR
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AR AN 720 Z2ETH72DI10F, 2—T 4 ThiFORiAV A R L0 /SR FE LW 12,
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3R DIEAENTIBNT AR DR A RDENDBKE L 72 D823 T, RT OB 23 & E 5 73,
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BAMKRERUSTH LN TED, ZORATa® AL ZOAERMIT. FORAIKRIEE A X A L
2o X FREN Tordered mixing] 38 XN lordered mixture (OM) ] &FEIENL S 19, ordered
mixing 7R AL, KD 3 DOBEBENLAD P, 1) BHE LT A NRIFAY 1 R~ & S L,
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a—F 47 7avAERB L, T VABRRRY v—TCa—7 1 > 7 LERHSIERL 1220 T
HWELTWDE Y, 2 LEEARARY v—%a—T 4 v 7HlE LTHERT 282 —T 707
BATIE, Vo7 A2MEHT 556 L3R R0, a—FT 4 7BORME (RFEL) 25535729
DX 27 Vo7 TREBNEE D, RO EFTIX, WINbEREE (K44 —7Y)
ERWEX 2TV o7 G T ) o rlmats) EERALTWD,

RERa—7 4 TR AZ2G5I1T0E, BEOHI> T2 —7 1 ki CGEWERLF) OGN
WEEE D, FEHEOFBRT HMFRRILZAVE TIZ, HEtEEY OEHESED T2, 7 v 7 kL1
R Uit L OB S e i DWW TS L C& 2 2, £T YO T 2= b A v
(PHT) Z = —r A& —F (CS) & IITHMayB Wil (LT, X E A LIEE & FEFRT2) 12
CTEIRSINHAEE T 5 2 & T, BRI Cd D CS R, MMk Sav7z PHT K2 173 OM BRI HE7E L
TZERIR OB AR (WKL T) BEF DI, #ia—T V7 RFEMRI L LTRIATE S Z 8 &R L
oo TIAT T —va rafnic—hFEERBRIC LD | PHT fEsaIEAT 7 ARRD Mk, CS HL
FAXT L FE D EROHMEIR L U COBMAKHEAFEEZ A L TWDH I L 2H 60T L, T72bb, CS
i -FENZER E U7z PHT #idh O BN S du, CS RIS HE L7 fE R, oM i 2 Ffo
BEAERL TR SN D Z & &R L (Fig 1),
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Fig. 1. Schematic diagram of dry milling and ordered mixing processes using corn starch beads under high

shear force during mechanical powder processing operation.
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O LT maEE 2, AR CIERRAEA D & U22W0Ri 728 100 um BLUT O S 2
FTHERYAZ U TR ERTH 2 HIE LT, 1EROBNa—7 ¢ 7 EATCIE, miiko &
B Y MRARZEITHE O B S 100 um BLU T ORLAF-~DREE MR 2 —T 7 24T 9 Z L ITIN
Thbd, £ T, EYERL O NOZDORE~DOR) ~—a—T 4 U TIZEDLTRTO TR
BT, KOABIAEZ — O H L nWai X TRIC K 558~ Ax v 7ROk EHEE LT 5
Tl EhEEHTDH 0D EEARRT DL LICHAT, KT ZOBEEAERT 5720, EIC
A0 2 DOMFFENDRERL S LD, AR TIX, AR O CS & F Mk FDiket 2 v 7 M A EEE L
DO fEREE ERDEHUGERBNZ R o Toi 2 — T ¢ v 7 R SRWIRERL 1 % M) B T AU | 2 CR%
AT L BRI LT, EBETIE. BONTEYMBRFOREIZERRN Y ~— 2 R§EET S
Bl —T 4 W NCF 27 U o ZIEZRE L, MR R ERN CI3msl S v, BN TIME
EINDIEY v 7 AFa—T 4 U IR it T 5 2 & 2Rl AT,

ATEOZE T, B EA SR &2 W - iSRRI 2 R L, B mm s E s a2 A
T D ERIIRWRL 1 2 ffe Nt 3> < OBUKME OMBL 7 OR%FEE, ORZEM: OM KL 1-DO%EH &9 2 2O T
TR —=FIZONWTHRF L7z, QT kD CS & OM KL O IR R B ME TN & KL A A P
R ~DEKDIEEE K > T2, — T, @ TIE, hif% CS /b AMT THEET 5 frEAlki
(ZHE E R R O ) SRR Oyl A1 =95 2 & A MIFRF L7, ARBFZE T, O
BL7-7> B g S 2 SRR 1~ O KL 3 A % 4y Bk BE BRI L 0 B S22 L, OM R 7 DO FR Jis HH A
T = X BDOE N IIRELER LTz,
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Fd D L aRlhlo, FrZ, R ~—BRGEERE ORIELIZ OV TR, 7Ek2 5 OMIEIEIR L E 4
AWz idF% 27 Y o 71z, [ U< X E A EEE 2 W TR % = 7 ) o VP FIEE#i72IZ
BT LT, MiF=a7 UL VL 0B a—T ¢ o TR T 5 ORI S 2 Lol U, B 7 i
B =7 U o PIEO BRI OWTREET % & & bio, AR~ 2% v R0 EAICmT <
DAREMEIZONTELZE LT,

ARFFEDRER, HWERIPRL O, W Z DR DR Y ~—a—F 7 (yRiE L X
27 V) ~ERL MR A LIEE OB 2 W2 TS & 5 0D 85k~ A % v R 1
DORANRFHEE ST T DICE o7, TR Uk~ 20 7R 1%, BIEEIEREZ TR L
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1 RS

VML) DRI 2 WS DA R T EDO—S>TH AT, Y=y hIL, BV ILBE
OR—= D &) i dEEN LS RSN TR, BiHC XL EYfERE 77 a s
A RZETHIN THZENTE D, WML S =3 ki 11X, Noyes—Whitney® A3 /m3 L0 |
VIt 2 A h R AR U, WHRE S W B 2%, — 5, kL 723 i< 72 513 EiED
PEOIR T 36 L OMEEEE O BN Z 0 09 <, RIERE (&, Eh, 778 2B\ TR~ 72/
MAEET DY, Ei, kORISR 2EEIX. APHERBOK T ML 0, it
L7ZICHEb T, WO BICORNLRWEANH HY , £ 2T, 2O OMEAE#ET S
ToDIT, W a KEHERINA & IR AT 2 FIER, HBECHWSRHY

1970~ 19804-1X;, Hersey<°Staniforth & 13, BEMAY 72 BIWT )2 L 0 | /NRL 1% KB - RIS -
B E T DR F O & Z IR L2 . 2o X 9 REABRIF1, B Zas izl n, B
DRGNS (fusion) &2 WIFHESE (hybrid) 322 LICE VI ND NG, A/ 7=
—Va i 0ENA T Y H AR 3 VR ERRIZN Y F7e, BOR DML, ek
DT o LNIRIREIREIZR LT, W—MIcENREEE 725 2 £, LiX Lidordered mixture
(OM) EFRES DM,

Z O K i R E AL, R ieR T o a—T ¢ VR E R o s b TEY | 2
E TITHEMECIT BN E O S | IR O HHIER | SEAMEERY O HPEL Y L
S TN HIE STV D, Sonoda bk, HHAMEIY CTHL 7 e a7z (FP) %, KM
RRIZAI (BET v a—v 3B BEOT 7 ki1 & s, R R —L LTI AL 5 =
LIk, FPORMEMERSFESND Z L ZRELTNDY

BEHEOFBRTAHMEETIIINETIC, a—r AF—F (CS) Kt LEEMEY THL 7=
A > (PHT) #E&db2> 5K D IR G & FEIOSTWTER3 5 = L 12 L 0 | SR O B0 S v, CSRL
TR NIRRT S OMER W78 L 7 A bk T (CS-OMkiT-) Zaiflca b2t nRLE? ., 20
CS-OMBLT-Z AKFCEAT D & TR D3RR 12> HEEDL LA KL - & 72> Tyl L, o
WHMERSEESND Z L ZLMNI Lz, L LMK~ Oy ERENE L 251250 T, IRk
BORITKRONDER L o7, RERE LT, EYEEPHMNT 5 & OB DR IEHDFED DOYPEIC
FEENTLEY, KOBRBPEE R 2D ORHIENME T Uiz L g s iz, £ 2T, A5
TIL, SEDOHFETHEH STV D KEEEDIRTEANZR DY | K0 R & B0 0 LR X
N D KRL BRI A 2 S8 7 A T = & T, OMKL - OBk M 2 1) b &, I H o 1 4 1l
LELoEEZT,

o B oMk FOFEER

BN ZAT G Uiz MK 2 8l 5720, IR Y =F L7 =2—)1 6000 (PEG) % 1B INHED
A LTz, PERATT (fHAZbE CS:PHT=9:1, 8:2) (Zxt L., Table 112789 K 912 PEG % 10% & &t
THEA L ((AZ b CS:PHT:PEG=9:1:1, 8:2:1), MEAREN 30 mL & 725 X )i AbiEE
(NOB-MINI, ARV T I m ) ITHIAATS, 2 5% D \WE 3 i RiIEAEM & LT, Table 21T
A ROE SR IS TR ST LR U7, BB DY AR VA & €S9 11w, CS8:2: 1w (w:
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wetting 3% 9) L4 L7z, Fig. 212 CS9:1: 1w AFONC CS8:2: 1w D AERRIE 1-HHMEE (SEM) Wit
R, ATNOMAZEERICEB T, 7' v 7Rk PHT fifh (A) BL U7 L—2dRD PEG ki1

B) IFEH LT, RV IR EZFT 281 (D, E) BRI, £/ Fig 3 I
I%. PHT, CS 3 X ONzzUBT LR ORI E AR L O U7 28 (D50 ) o9, FoeUBiiuLEER
ORLET 4 L ARMBD CS pi - L LI L TR Y, ko v — 7 i3mit Shiehotz, 4l
BIERP L ORI FREHNE DR R D HERAISTWTLEEIC L Y €S ki f&4% L& LC PHT & PEG O ki1
WHEIBHE L, MBI AT 2 Z LR sz, ZZCTPECAEAT L MK (@, A) O
FFMPEG Z#E&H LW OMALT (O, A) KDDL TNIKREVR A XERELTNDI EnD,
sz BT T ALER D BEEREN S 10 JRETIHINC PEG KL F-2MARL L, R4 L7cBEE R I L - T CS i~
@ PHT KL DFEEAL DM S iz EHEE LTz,

Table 1

Formulation of wettable OM particles using a dry milling and ordered-mixing process.

Loading (g)*
Series Design approach Symbol

CS® PHT ¢ PEG¢

CS9:1f 10.08 1.12 -
CS+PHT OM particles ©
CS8:2 8.45 2.11 -
Wettable OM CS9:1:1we 8.26 0.92 0.92
CS+PHT+PEG .
particles CS8:2:1w 7.40 1.85 0.93

2 Total bulk volume of loaded powders in the formulation was fixed to 30 mL.

b CS: comn starch as the core particle

¢ PHT: phenytoin as the active pharmaceutical ingredient (API)

4 PEG: polyethylene glycol as the wetting agent

¢ OM particles: ordered-mixed particles

FCS9:1: mixed powders of CS:PHT = 9:1 (weight ratio) were mechanically processed.

£ CS9:1:1w: mixed powders of CS:PHT:PEG = 9:1:1 (weight ratio) were mechanically processed.

Table 2

Operating conditions of the dry milling and ordered-mixing process.

Parameter Condition
Jacket temperature 20 °C
Rotor speed 5000 rpm
Running time 10 min
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KPR R B

Fig. 2. Scanning electron microphotographs of CS-based composite particles containing PEG prepared by

mechanical powder processing.

Appearance at 1) high and 2) low magnification. A) Intact PHT, B) jet-milled PEG, C) Intact CS, D) CS9:1:1w,

E) CS8:2: 1w
20 -
D50
r Ke Sample Span
18 y P (um) P
s4 0 B e Intact PHT 9.23 1:27
Intact CS 1945 142
14 1 Cs9:1 1585  1.00
~
12 - CS8:2 1619  1.02
& Cs9llw 1678 1.06
& 10 A
£ CS8:2:1w  19.04  1.09
= J
s 8
o
= 6 1
4 4
2 o
0 4 e
1 10 100 1000

Particle size (pm)

Fig. 3. Particle size distribution (D50 diameter, Span) of CS-based composite particles with and without PEG

prepared by mechanical powder processing. Data were obtained by laser diffraction (dry condition).
Key: (---) intact PHT, (X) intact CS, (O) CS9:1, (A) CS8:2, and (@) CS9:1:1w, (A) CS8:2:1w. Open and

closed symbols indicate PEG-free and PEG-in composite particles, respectively.

55 3 H B OMKL T DB HEEZIR

HEEA I K OVE NI 2 BUKME OM KL DU RUESE) 2 5 3 5 720, BiRE I ONMEHR 2 45
#EL72pH 1.2 3 X OV pH 6.8 OFBERHZIZ PHT 10 mg FHY OFREIZHA L, IHRBRE i L7z, 5
DI IRHZEEEN % Fig. 4 IR T, flihud ORI 73V T h Intact PHT & beifs U CHRIBICIE MM L
BNz, —H, BEEOLOIZN—TBRLURNCHE LGP ICb R LT D L), EEa &N

9
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F V@ CS8:2 1%, €S9:1 &t U T s R MR N L7z, — 77, PEG 23 A9 5 (S8:2:1w T
X, BN EHSES R A2 R L, BUKME PEC ORI X 0 . EYEH EOEINIZEE S WSS R
DIRT AR STz, T ORI LT, FHITEDEITHAA L7 PEG 23, ORI D4
UE L, R CTH D CS R RN D OIPRi 1D H RN B AR Uiz S HEZR LT, — 5,
CS:PHT=9:1 >V —XICEREZHTH &, PEC 25 HT 5 CS9:1: 1w DI BHITEEH D DT )T
o THY, Kitar 7 MCESDORWRERDHER S, ZORKE LT, STHLEEF o EEE
BZ L0 WICIERL L 72 PEG (AlA 58 °C) 33 A X —& LCTER L, Wi 1-[A Lok
—EREEAT LRGSR, ki DA R ERE O A EEHEE MR T Lz L HEZER LT,
VA b BUKME OM K OFEIZ LY | EYMOBEHMAYUGETE D Z EMATREL R o72s, £ D
BRI AHIRESNDER L o7,

100 4 (A) pH1.2 J (B) pH6.8

90 90
80 80 -
g 70 ;@ 70
= 60 = 60
S S
§ 50 § 50 -
£ 40 = 40
30 30
20 20
10 £ 10
0 A-‘ v LJ LJ 0 : L] L] L]
0 60 120 180 0 60 120 180

Time (min) Time (min)
Fig. 4. Release profiles of phenytoin from CS-based composite particles with and without PEG, prepared by
mechanical powder processing.
(A) JP17 first fluid (pH 1.2), (B) JP17 second fluid (pH 6.8). Key: (—) intact phenytoin particles; (O) CS9:1,
(A) CS8:2, and (@) CS9:1:1w, (A) CS8:2:1w. Open and closed symbols indicate PEG-free and PEG-in

composite particles, respectively. Each point represents the mean = S.D. (n = 3).

WA ME

PR B B T AL BRSNS B RN (PEG) Z3RfFSE 2 2 & T, BIKME MR+ 252 2

LRIz, GO IORL T OIMEL, RIS KON I ZE 2 6 LU O A 21572,

1) SEIBIE R K ORLE A OfE RS, CS BRI 72K hZ PHT & PEG KL F2NREGHEE L7 OM kL
FTHRERIND Z EDBRBE ST,

2)  HEWREITHAIA F T BUKPED PEG 1%, OMRL - DIFEIUEZ e L CS B 1-2 M H» b O 3pphi
T OHBE R BEARE L, IWHMEESE Lz, LU, BRI ALER th O BEEE B L 1
ERATEIICIARE L 72 PEG 28, NA X —L UTHERT 5 2 & C, 3R [ CThESE - 1SR
EATT D AREMEDN H 0 | IWHIEE OUER RITRER TH 5 L HELZ STz,

Pk, se XA I E 2 O TR B AL B I L 0 . BUKPEIZE AT ORI DR EHZE -~

77
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Hepptgeel a3
2 E mRNESLEWZFIH L7- Swell-OM-spheres (B OM biF) DR EF

1 RS

AT CIL, EWEICPECE A ATe = & CTHUKIEOMKL 12 T8 U, WA E S O LE S
IRHSEN RO T 2IHT 2 2 & 23 A7z, L L7Zess S BRI 8y b AL b oo BEER BV X D PEG
O 7R L, BRI L oER 25 2 L, IWHEEOK T 2R AN ndH o7, 20
7o, AREETITBUKMEOMRL 7- & 1382 57 7 v —F THROMKL DB 21T > 7=,

Ueda & 1%, FHBEAARERT HIAEIALES O #% 5-3 A7 A (Time—Controlled Explosion System, TES) %
BRI, TESIL, B & 0 AR 1, S8, AR RE W ONC KAV B O B CHERL X 4L 2 BRI
K THV., KFEICBWTERE#HRE L Fufxs 7oLkl n—2 (L-HPC) 7B Ak A B 23, 2
fEAffET 2 2 & TEME KRN 5, Liod-o T, RPN S £ COBRFRIX, KkitT 74
A LEBEKT D, —J7, TESTIE, HilRDEKE AFE (350~500 um) 2% &3 2Tk 126 LT, &
JE180 u mDIFME 2 i LENH D Z Lnb, BHHN DR ITH KI5,

Z 2 CAMFE TR, BB 13 0 | R ITRAEYERL T A VD 2 & T ORI R
RBEfET 22 eaB 27, MG, R DORAE ) D3R DRI 02 b DB Rt 2 Z &
T, EWRL - OHENERR L3252 AR LTL, £/, 2O X e@Eta 7 Moo Tl
S AV N OMARL - D FE FH M AT T~ 5 72 00, IR DY) DAL EFIG D INERE (LRI K
EF IOV THREE L 7=,

H2E M ORI OFRR

OMBL I ERSRE 2 57 5720, FEEAIE LTI SN DT v 7 v 7 ) a—fgr v o A
0 (EXPLOTAB : EX) Z#:H L7z, EXiZ/KH TR -ARFESIZIR T 2 A — S— Al & LT b it T
L Z EIThNA, Fig. 5 (A) OSEMEHGIZ/RT K 512, BB T & 72 RIiE & He) ) — 2k 1
ARXEHBTHIEND, CSRFITRATOMBLFOZALF & LTHIHT 52 & 2L LTz, Table 3
(R EDDAIFIZHE, PHT EEXDIRA W %, AitE & [Al—OfLES: (Table 2) THEM ) ST M LEE
L. Ak -2 U=, 55 N7k % EX: PHT OALA B Bk %55 L 72EX9: 1 ~EX5: 512 THEED
9%, EXKi 7 (Intact EX) (ZH1ZC. EX9:1, EX8:21 X OEXT7:3DSEME{E & Fig. 512/~k7, Hijdb L
7= XD IZEXRI T (A) 1, RIEE OHi» T2 ERZAIZIE VIR 2 LT 5, — 5, BRI BT T LB % s 1
(B, C, D) &, HARLICEARAR SRIE Z R 7o ffE@E 2 2 L C\We, £, = x)F—45Bix
#(EDX) ikl Kk VNagiHEa~ v B 7 LIaRER, a7 idRE () . = /uixE e (K
) TFEREN (Fig.6), ZOfERL D, BEX NawFE a2 GTe) 28 L L, PHTE CTHE S 7-0MkL
T (LLF. EX-OMEBET) 2L TV D Z LR S 47z, Fig. 7iZIntact PHT, Intact EX3B XY
OMKZF (EX9:1, EX8:23 KL UREXT:3) DRI/ A, A VT £ (D50) I L OVaAniE (Span) Z7-7,
AT 7L DEX-OMBZ F DRI EE 34T (D50, Span) & & Intact EXEHELL L TH Y, FERAISTHHLEIC LY
Intact PHTHIROFLEE B — 7 X558 RITTHK LTz, £70, EX-OMORIFH A X%, H—ETHRE L
CS-OMIZ % L THIBE T U | BRI DRLA-H A RDIOMBL 1 DRL 1P A RN EHERME L Tz, LUk
SEME 2 33 L OYRIFE 3 AT OFEF A 6 . HERAOSTWTALERIZ X 0 5 Stk OPHT 2N BRI AU P S v, i
b ST PHTRLF- DS EXZRL T DR FE E L S e 2 &R STz,

FEHOFRT HHIEE TIE, CSO—RL - EERBRORER L0 | #IED & 5 CShL 11XV Vb 158
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AL TNDZEHBEMICTRELTWD® ) RIFFECHWZEXRL TN TT > 7 Th o | CShE
T EFERRICHMEREEZ A L WD LB BND, LR -> T, EXRL I3 IS ) FCThikE S
. CSHLT & AR ICHR A AL BR AR R IR & L CORBRE D R L TV D EHEZR LTz,

Table 3

Formulation of swellable OM particles using a dry milling and ordered-mixing process.

Loading (g)*
Series Design approach Symbol
S app Y EX® PHT ¢
EX9:14 17.23 1.91
EXS8:2 11.93 2.98
Swellable OM
EX+PHT ) EX7:3 9.20 3.94
particles
EX6:4 7.04 4.70
EXS5:5 5.31 5.31

2 Total bulk volume of loaded powders in the formulation was fixed to 30 mL.

> EX: sodium starch glycolate (Explotab) as the core particle

¢ PHT: phenytoin as the active pharmaceutical ingredient (API)

4EX9:1: Mixed powders of EX:PHT = 9:1 (weight ratio) were mechanically processed.

Fig. 5. Scanning electron microphotographs of EX-based composite particles prepared by mechanical powder
processing.
Appearance at 1) high and 2) low magnification. A) Intact EX, B) EX9:1, C) EX8:2, D) EX7:3.
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Fig. 6. Scanning electron microscope photographs (upper images) and Na-elemental mapping images obtained
by EDX spectrometry (lower images) of cross sections of (E) Intact EX and (F) EX7:3.

20 -
D50
K Sampl S
18 - ey ample (H-m) pan
----- Intact PHT 923 127
16 1 X IntactEX  49.98  0.82
14 - [ EX9:1 5133 0.82
= R A EX82 4855 (.84
\° 12 4 . o i
> SN | EX73 4929  0.90
g 107 i
g : :
S 84 N .
g : :
& 61 N .
4 - ; .
2 -
0 P
1 10 100 1000

Particle size (um)

Fig. 7. Particle size distribution (D50 diameter, Span) of CS-based and EX-based composite particles prepared
by mechanical powder processing. Data were obtained by laser diffraction (dry condition).

Key: (:-*) Intact PHT, (X) Intact EX, (@) EX9:1, (A) EXS8:2, (H) EX7:3

3 B MK T OB HHERR

EX-OM K. 1D BN TOWHMEZFHMNT 5720, BIRB L OWGR 2/ L7 pH 1.2 B L ' pH 6.8
DRI % D T HERER 2 5806 L 7=, EX-OM BRI HI12i 2T, st ch 5 CS-0M kiv (PEG 72
L) ORHZE#NZ Fig. 8 IZnT, CS-OM K FDIEHZEENT, Fig. 4 ITRLT=T —X LR—Th D,
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CS—OM R TIEFMEL A LA & < 72 D L HSCER RN BEI L L2y (O—A) . EX-OM KL 7 Tix %
OAEANE A B3V, PHT OBECAEIA 2350 EX8:2 R0 BXT7:3 [ZB W TH €S9:1 & [RI% DR ZEE) 2R

L7z (A, W), F7- EX-OM B O MEBGEERRIL, iFE CR L2 3EWIEIC PEG ZfHA0A A 728K
PR CS-OMBL+ & bl L THEN TV e (Fig. 4 2H), 2D X 512, EWBRLE HITEAE L7220 EX-0M
i1 DN TR HUGER R, BXORL T ORISR 2 & #EZ X iz, EX-OM KL 1 O 25 8)
(ZBAT D ARATAE SR, IRIECREMICIR < 5,

EX+PHT 2 U — XL, CSHPHT+PEG 'V — X CA U7z PEG IC K D /e anl & 42 & 72
<, HE (27 - = V8 BEOEYBL 2RI LGN E R I, 72, PEG DX H e
RS A U7 WARETIR, BT K DR b3 2 0 IT< < IRIFREMEDBLIR ) &
PEDO WIS ZBE 2T 5325 L HERE LT,

(A) pH1.2 (B) pH6.8

100 - 100 -

90 - 90 -

80 - 80 -
< 70 < 70 A
< 60 T 60
> Z i
§ 50 - § 50
& 40 2 40

30 4 30 4

20 20

10 10 3

0 |y T L) T 0 3 T T T
0 60 120 180 0 60 120 180
Time (min) Time (min)

Fig. 8. Release profiles of phenytoin from CS-based and EX-based composite particles prepared by mechanical
powder processing.

(A) JP17 first fluid (pH 1.2), (B) JP17 second fluid (pH 6.8).

Key: (—) intact phenytoin particles; (O) CS9:1, (A) CS8:2, and (@) EX9:1, (A) EX8:2, () EX7:3. Open
and closed symbols indicate CS-based and EX-based composite particles, respectively.

Each point represents the mean + S.D. (n = 3)

FAE AP 5 EX-OM b7 DFFE & Ik 7 D53 BB

EX-OM KL 1-2MEN TR HEGEN R 2 R T B 2 50T 5720, K& Bl Lo EE (L%
PAPMEE CBIZE LEEY Lo, ZhlfEo—fa b\ s LT Fig. 9 (-7, MR+ (EX9:1)
(%, AR E R LT ERICEEITIAE Ligd . 30 BLUINITR 72 100 um 8 2 CTEFIZZE L, K
2, mEELRI - (EX-OM Kif-, CS-OM Ki¥-) Z/KHIZHEA LB OIYphL 1 O/ i sh z §Hi 4
B2, LR Dok 21T - 72, BE 2 L OMFEALZHT 1.5 mL D4 EE (0.5 w/w% &
yr=rtnrl K@), 0.1 ww% 77 UAGEET ~U w7 A (SLS) KK 24 L, £ 220
BLrZ2o Sz, T0%, FiE L TR 72 BRI I, TORD TEBWZRFHFICKE2 6
1. 5em ONCEIC TREIK 2V &R L, WRAJE TR M ZHE Lz, CS8:2 B LTNEX8:2 £
ZIVDARIZ TR o BObLF DRLEE 73 A OHERES (2 53 ~40 43WFR) % Fig. 10 (TR,
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CS8:2 TliX, 2 /yWEmi TN ST /W 1 ORI AL, ¥t FellE S b o (Fig.
3, A) LIFIER—Thoto, iz, B — 7 BRI 10 O RIMERF S 72 28 SRR EMNC > 7 R L, 20
SIIRFRTCBAE ICAE L LTc, DFE Y 20 SpFEATIE, 1 E A LD CS R 23lE m 2 i Lk 72 Z
EERER L, 30 43 LABEORLE /341 1% CS KL 770 O 43 Bl U 7 BB bl 712 k9~ % LR S iz,
—J5, EX8:2 TIL, W& T TR REZJIE LR, &b E 100um 22 2R I3 S
otz (Fig. 6, A). KAHICZS ﬁbt%j:2~4 Gy RLCCHIRE 7R KB D B — 7 BT
(Fig. 10), Fig. 91TR L7 BAMEIBIE 2 R hiE. T ORISR 1308 L 7= EX BRI IZER LT
W EHEER LT, F7, I ﬁﬁmﬁLﬁék MW MilTHE——27 16, B L BEX ki1 &
IEL LT B RL IC SR T 5 @O B — 7 ~ LB b LTz (6 R, 8 FERD), T ORERIX
EX-OM Kif-237K & #fite, D7 < & b LINIC EXM%@%@#%%%M%% %Lt_&%f
B2, EX K20 OFEMRLFONBEL, BOKEZNDIEE > TV EHEHI SN DD, 2, 4 5FF
FUZBWTIEL, 2L TWD EX R FORIGNE < BN - RARIT kT 2 S8R+ OB & H A
RN T= 8, ERE L 723K FIC SR T DRI Y — 27 2T D 2 E N TERD T EHERE LT, —
7. 20 4y LAREClE, IAM BX R 13Tk Lk > TRIE Y — 7 B L2 00, 55172 10um
A DH— ' — 7 1%, EX R0 By Bl L7 IFRERERL - ICHR T L B b D, UEa T LD
&L EX R ORAEIC L W EX-OM i &8 > T =3kl - DA AMEtE S, R 9A X 1.2~
15 um O L S 72 3R 23K P LT 2 & AR ST,

3) 30 sec

Fig. 9. Magnified photographs of the swelling of EX-based composite particles (EX9:1). 1) initial state, and

2) 15 sec 3) 30 sec after contacting water. Scale bar represents 100 um in all three photos.
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20 A) CS8:2 Time  Mode (um)
-O-2min 16.6
15 - ©-4min 14.0
f\; X6min 13.2
< -A-8min 11.8
g10 1 TH10min 9.9
2 4-20min 7.1
55- <-30min 6.0
<3 4-40min 6.0
0
20 _1 10 100 Time Mode (um)
B) EXS8:2 O-2min - 1519
©®-4min - 648
15 2-6min 84 546
NS -A-8min 84 46.1
E;10 ] +10min 84 389
E -20min 84 —
g Q <-30min 7.1 -
E 5 Q-€-40min 7.1 -

1 0 100 1000
Particle size (um)

Fig. 10. Particle size distribution and mode diameter of dispersed particles in aliquots of aqueous suspensions
withdrawn at various times during the dispersion-sedimentation process. Data were obtained by laser
diffraction (wet condition).

Sample: A) CS8:2, B) EX8:2. Aliquots were withdrawn at (O) 2 min, (@) 4 min, (A) 6 min, (A) 8 min, (L)
10 min, (H) 20 min, (<>) 30 min, and (4) 40 min during free sedimentation of the particles.

EHE BICRERBRIC X B Rkl T ORI T BRMENT

RITENCHER L7k HRE T, BRI SIS 23kl - ORE N 2225 Z LN TE -
N W L&D TR HITHER S & LTE T KFITHE L 7o 2RI DORLEE 2 Rk LT
720N, T CTERERF AT L ey (E72B T ) PR T OBIG %2R 57, TLRERER
H D RRERL 1~ D IE B & 3 A T2, OM KL 7720 B L U 7= SKWpki 1 % & e 4y iR % RiTHD & [AIRR D 5T,
ARERBRAE D SR 1,263 43 (75,780 ) B E CEMRAIICERIL L, iR oY HeE 2 E L
7=, BRLARE (PLRERERE] 0 BD) OIEWIREEIT 3 2 Bl (LR ) CTOIEMIRE OFIE I,
IRMPRL 12T D BRI B T 20 L T2 WIRYpPRL T OE| A & A 7e L, PHT KL 17 17%
(Residual PHT particles) &L EFK L7z, I LEREICITEM LICEMbLEZ AT D720, (1)
D & 5T PHT il e & bR L CHRH L7z,
100(Ct—Cs)
Co—Cs
Co: TEREBRAARE AL PHT R

Cr: o7V v JW S o PHT JEE
Cs: PHT O fafni s

PHTH. 755175 (%) = . (D
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FRHFICIZA =27 AKX Z2FIH Lz, £V 0 7V U 7R GERERR) i, A b—2 2K &Y
B UZERL 728 (A F—27 AR E WD) LI EORFITBRIE NN, ey b4 78
EREA TG, DF VBB ZROIUL, Iy NF7BP—FNICEH SN2 ERD, 2O
Ty NATRIZH LT, REREICTRI L7ZEIEPHT K FOF& 2 7 r vy L, ZhafEx ORFET
OB L T ry NEHRTHESZ SIZED | IRINAPRL % 5 F 7o ilgRfE PHT K10 BAAEER TR 4>
R SN D, CS-OMBE T (CS8:2) & EX-OMKi7- (EX8:2) 76k L 7= PHT Ri1-. WOt
MR PHT J5iIR (Intact PHT) o BRERIE /346 % Fig. 11 (2R3, M OMRLT-2> B i & 7= bz PHT
i1~ D BRI /34T 1%, Intact PHT & bRl U C/NREFIZ S 7 b LTz, 2 OFERIL, PHT B 1536
PR BT T ALER | Z o TR L S 4L, AKFEHICHI S S BIL 72 2 L 2R L TV D, E 61T,
CS8:2 33 LN EX8:2 7~ & D liEhfE PHT k7 D50 fElX, £NZE4 8. 64umBLT5.68um THDHZ &
D, BAEMED EX R I3 - O B RE L, LV MR 2 763 2 L0 REN
Too — 5. BEEMEDAR CS B TlE, EWRL M52 R & B3 — 5 O FPpRT 113 CS ki1
A& LI E IR T 2720, REIC TR SN DR FEDBRELS RoTETREMDN B 5,
AEHWEZ A =27 2%, BIRREBIC T BT 28 1~100 pm ORLFIZEHT 2 Z L8 T
X5, CS-OMRLF DA, Fig. 10A IRT K O I HRL O A Xl HEHN Th 7=, %
AUk LT, EX-OM RL -6, BAE L7z EX B -0k %4 X (Fig. 10B) (X EREZH 2 TEY .
AFK/e B A b—27 ZAOXEHEH TX 70, L LR 5, EX-0M B 7-2> 5 i S 4v7= PHT K114,
Fig. 11 129 & B 0 A 18 pm FEEE THIFFRAFERDS 100%IZ=ZE L TW2 Z & 226, PHT K1 ZAH
EX R H5ERIZME L., A F—27 AN THEYNCEMITA Z LN TEX =80 L HEE LT,

120
100 PR Ty
1 ““ - 2
—_— ‘ 5
3 alVa
- 80 s .
= i’
E AI’ ,/
E o A/ i
! rd :
';- A § Sample N(Iﬁﬂgn
5 40 ’A
% ' ~A- EX8:2 5.68
wn
& 20 £ CS8:2 3.64
+ Intact PHT 15.15
0

0 I 5 1.0 1.5 2.0 2.5 3.0

Particle size (um)
Fig. 11. Particle size distribution and median diameters of dispersed particles in aqueous suspensions of
mechanical powder processed samples. The particle sizes were calculated theoretically from the Stokes
equation and the residual particles (%) were measured from the drug concentration in suspension at various
time-points during the dispersion-sedimentation test.
Key: (+) intact phenytoin particles; (A) CS8:2, (A) EX8:2.

HoE FEM: MBI X DR ERE
EX-OMKL 1%, FERMLDCS-OMK; 1~ & bt U CEIBNICEY Ot 2 e L= (Fig. 8), IFHEKY)
B ORI ESA (Fig. 11) 226, Z OWHBGERNRIIEXKL 7 ORAEREICER 35 2 E AR I
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Too BFOIIZE ARG L, 2FEHOOMKL -7 & OB ik g 2 . LT oA (Fig. 12) X )
(CHEE LT, CS-OMRLT- D356 AKICHESR U2 BR, WKL T 13CSKI T ORI 0> B/ S 7 BERIR & LT
RAAZHEST 225, — O IR IICSRLF ORENIRE T 5, —T7. EX-OMKL D56, 7K & ik
T 5 ELEGIZAE L, Z003EEE) ) & 7p o TEXRLF DRI D b IR D3 iAE T 5, £ OfGHE. EX-
OMBL -7 & JiH S AU 7= 38Mpkr 11, BE410 w AR OB 22k 7 & 72> T L (Fig. 11), HEo
Vit & SRS | U3 5 L HERI L 72,

HIG | EXIIZRL oM e B AR & U CORRETS 1T T2 <L IEMIEEE S W H 3D H ORERE B -
TWDEBR D, FHFIL. 20 LTI IdfdeEls i Shic A —4— R 7 2AF v — %
FpoHWki+ % Swell-OM-spheres (Swellable ordered-mixed spherical drug particles, SOS)
Lamd LTz,

Corn starch '

Phenytoin

EXPLOTAB
(modified starch)

EX-OM

Swell-OM-sphere

Fig. 12. Schematic diagram of the performance of CS-based and EX-based ordered-mixed particles (CS-OM,
EX-OM) after contacting water. Many drug particles were detached from the core particle. The EX-based
composite particle was named Swell-OM-sphere (swellable ordered-mixed spherical drug particles) because

it immediately swells in water.

BTHE FEMLIABBIE TS D BE M DORREE
Y OALIAZEIE OEEINDS SOS Hi T DEREENEIZ KIFT BT OV TRREET ~ < | Table 3 DRy
BLOGEIZHEV, PHT & EX & 5 DO HE3R CHEBRAO BT W ALEE L 7=, FREE . [RIIRIILIC B Bk
SRR (AT “Normal” LUET) & FLEREEFS K OBHRBIC A Lis 7o FBIC < 2 L 73
Bt (IR “Loss” LMg3) ZXRBIL TRUL L7z, PHT OAGAZEIGIZ) LT, “Normal” & “Loss”
DEIEEZDORFHOEIAEEZ T vy N L2/ T 7% Fig. 13A1Z/R T, PHT OALAZEIA DY 30 w/w%
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LA o54E. “Normal” ORI 85 w/wh a2, “Loss” OEBEILHEILS w/wh Al & 78-7-, &
72, “Normal” TITEX &AL L TV PHT RLIEIE & A ERD Lz hvo 7= (Fig. 5B-2, C-2,
D-2, BLW Fig. 146-1), —J5. PHT OHHAAFEIG LIS 5 &, EEITT D351 <
2720 . “Loss” DEULRNMR A ITHEIM L, “Normal” DEILERIIREA Lz, H:iZ. PHT OLARE
B 50% (EX5:5) DA TIE, MRS ALREE L 7 L— RIZBEICAE L, BT ZeWElE
AN U7z, F 72, PHT OALABZEIG D 40% N DA TIX, “Normal” & “Loss” D& FH DB
23 90 w/wh R TH - 7=DITxt L, HHAAZEIA 2 50% (EX5:5) TiX, 67.9 w/w% £ T F L, PHT
DALARZENG OEINZFE, BOEMERBE IR T T 52 & 2R Lc, ZTOEHR, “Normal” BL Y
“Loss” [EIY i & 12 EX BRI FIZ B E S AU72 W EERE PHT R 72388 & 7> 72 (Fig. 14H-1, 2),
WIZ, PHT DAL EIEIZH LT “Normal” BELON “Loss” H1d PHT O&Efi%Z 7oy L7
(Fig. 13B), fM#IE, PHT S EOHEGHM (Y=X) 2/~ L T35, PHT DHAREIG MEWEE (BX9:1
FBEONEX8:2) Tik, “Normal” @ PHT &4 EITBLGHM & 1FIEF—H L T\, LU s, PHT @
HHABEIE OB LE, “Normal” OHWE& A BITHGRHM L Y LR~ KT L, PHT OfLARE S
23 50% (EX5:5) WA CRAMICIRT L7z, XHFRAYIZ, “Loss” @ PHT & &I%, PHT OHHALEIS )
50% D & E xRN T, HimE Lk v bmfEs o7,

100 7 A) Product recovery 0 B) PHT content
80 - 50
- S
S 60 - =401
= g
4 £ 30 -
=) =
2 40 - o
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Fig. 13. Product recovery and PHT content of EX-based products prepared by mechanical powder processing.
A) Weight-based recovery (%) of normal product (“Normal”, O), adhered product (“Loss”, AA) and their sum
(M) were plotted against PHT loading.

B) PHT content in normal product (“Normal”, O) and adhered product (“Loss”, A) were plotted against PHT

loading. The dotted line shows theoretical values calculated from the weight of PHT loaded in the formulation.

D OFERIT, PHT OALAZEIS 3 10~20% Tld, FEWRI T DIZIFE T TH, EX KL D I [H
AL S VEB LRI Z TR LT D3t L, PHT OAAREIE DY 20% 2R 5 &, — 5D IR 1%
R Td 2 EXRLFORMEICHEE ST -G BESLT L — NIE LI Z L 2R LTV 5,
AR L7280 | A AIE & KT 5 & EX R IZ[EE(k L 72 VW alERE PHT B3 2 5 2 & 1%
SEM BE/ S b EES Lz (Fig. 14), 7272 L., PHT OALIAZEIE S 50% D & & T, R ARREED
T L— RICAIE L IRBEIRRE L 72 57, HFRE LY KL oo LHEZR LT,
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Fig. 14. Scanning electron microphotographs of EX-based composite particles prepared by mechanical
powder processing. The normal product (“Normal”) and the adhered product (“Loss”) were separately
recovered.

G-1) EX9:1-Normal, G-2) EX9:1-Loss, H-1) EX-5:5-Normal, and H-2) EX-5:5-Loss.

PLED X 51z, FPAR R EZR R LT, SO0S K+ OEYENSITHRRNTS 33.0% Th-o7-

(Fig. 13B), ZDFERDEMMEEZIRFEST 272, B D OB OR A MR+ 1 {EIZ, N{EOER d
D7 A NRLA- DSB8 TR B ERICWET 5 EE L. LLTOR (2) BEW 3) ¥ »n
B OMABLF-H D PHT BRI DEIE 6 (w/w%) ZHH LT,

o 100(Nd3py)
OV = oyt azpg P
4(D+d)?
N=—03 . 3)

EX 35 X Ot PHT D A 7 £8 (D50 fil) (X Fig. 7 BEL N Fig. 11 IR T B0, ZhEh
49.98umBLO5.68um THoT=, T2, ppB L PpualTZNZEIA A ML -8 L OV A ML -0 %
ErEWwRL, ~NU AT ABBRETHEL-EIZ. TFN 1.6 BEXON1.40 g/ecn® TH o=, =
NHDEEZ (2) BLEO (3) ITFRA LT-FES. OM K7 OIEMR - DOEIE (w/w%) 1% 33.6 w/w%
ey ERME LR B LT E o Te, ZORER IV | PHT KL 11X EX KL O R M ICHE T2 —
TAYTEINTNWDZ ENRBINT,
PHT DALIAZEIE 7N 10 w/w% Td 5 EX9:1 (Fig. 14 G6-1, 2) Ti&., OMAEE ORI Ak 23 8l
HENT, AL LTV PHT R F-I2OWTIE “Loss” (Fig. 14 G-2) TOH, BHIZHLZ SN,
“Normal” TIFBILE I N oTc, ZAUE, Pfi7e PHT K23 8 EBEH° 7 L — RITBIRBIISAT A
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L7mZ &R LTWD, —F, PHT OfHAHREIG D 50% TH D EX6:5 TiX, 7 U —o PHT Ki{»3
“Normal” & “Loss” DAIFLIZ &3 HaL, $FIT “Loss” TIHBAE TH-7= (Fig. 14 H-1, 2), =
O DFERIT, 50 w/wh DHEMHIALFIEGA, EX RA MRIFOFEFELHBZ TNDH I EEERL
776
B2 AL EI S TR S N7 “Normal” & “Loss” [HIULSH ORIEN A K O — R (s
) OfER% Fig. 15 1237,
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Fig. 15. Particle size distribution and mode diameter of EX-based composite particles with various EX:PHT
compositions prepared by mechanical powder processing. The distribution curves of the normal products
(“Normal”) and the adhered products (“Loss”) are shown in A) above and B) below, respectively. Data were
obtained by laser diffraction (dry condition).

Key: (O) EX9:1, (A) EX8:2, () EX7:3, (&) EX6:4, and (X) EX5:5.
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Fig. 16. Optical microphotograph of SOS particles (left) and the Raman spectra (right) of the highlighted
particle (top), the library spectra of PHT (middle) and EX (bottom).

PM SOS
1.0 1000- -2 3 -\'r-w R Lo e o 1.0 1000
800 iRt B ' 800
600 600
0.8 |0 0.8 |40
’ 200 ) 200
0 0
£ £
= =
2 0.6 2 0.6
= =
2 S
k =
E E
g 04 . g 0.4
e i
= =
0.2 - ol 0.2
ﬂ'o_lw I:ﬁ.t‘r,..-..‘.: - [ S 0_0_1 .“.-‘—-—u[ . ‘ | 2 I
10 30 50 70 90 110 10 30 50 70 90 110
Particle size (nm) Particle size (pm)

Fig. 17. Scatter plot of EX correlation score against particle size of physical mixture (left) and SOS particles
(right) composed of PHT: EX = 7: 3. The color indicator expresses the particle frequency shown as a scale bar

(top left). Data were obtained from 10,000 particles of each type.
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Fig. 18. Particle size distribution of plasticizer-free coated particles before and after static curing at 80 °C for
6 h in the drying oven. Data were obtained by the laser diffraction method (dry condition). Key: (x) SOS, (O)
CPf, and () CP{/Stat.
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No coating Before curing After static curing

Fig. 19. Scanning electron microphotographs of plasticizer-free coated particles before and after static curing.
Appearance at 1) low and 2) high magnification. A) SOS, B) CPf, C) CPf/Stat.

Na (EX)

Fig. 20. SEM photographs (upper images) and Na-elemental mapping images obtained by EDX spectrometry
(lower images) of cross sections of (D) intact EX, (E) SOS and (F) CPf/Stat.
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Fig. 21. Release profiles of phenytoin from plasticizer-free coated particles before and after static curing. (A) JP17
second fluid (pH 6.8), (B) JP17 first fluid (pH 1.2). Key: (x) SOS, (O) CPf, () CP{/Stat. Each point represents the
mean = S.D. (n=3).
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Fig. 22. Flowchart of dry coating procedures and conditions in the present research

Table 4
Formulation of coated particles subjected to static and mechanical curing with or without plasticizer.
Loading (g)*
Series Design approach Symbol Kol-58 -
EXP? PHT® NONE Kol-SSf Kol-SSi
(Plasticizer-free) (Plasticizer-in)
EX+PHT Swell-OM-spheres ¢ SOS 9.20 3.94 - - -
SOS+Kol-SS Taste-masked drug CPff - - 9.18 3.94 -
particles CP{/Stat ¢ - - 9.18 3.94 -
CPf/Mech” - - 9.18 3.94 -
CPi' - - 9.18 - 3.94
CPi/Mech | — — 9.18 — 3.94

a Total bulk volume of loaded powders in the formulation was set to 30 mL

® EX: sodium starch glycolate (EXPLOTAB) as the core particle

¢ PHT: phenytoin as the active pharmaceutical ingredient (API)

4 Swell-OM-spheres (SOS): swellable ordered-mixed spherical drug particles

¢Kol-SS: methylmethacrylate and diethylaminoethyl methacrylate copolymer (Kollicoat Smartseal) as the coating materials
fCPf: coated particles with plasticizer-free coating

& CP{/Stat: CPf after static curing using a drying oven

" CPf/Mech: CPf after mechanical curing using a mechanical powder processor

I CPi: coated particles with plasticizer-in coating

i CPi/Mech: CPi after mechanical curing using a mechanical powder processor
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WIZ, 7 AV DB S S HICHEET 572010, AIBRE LCTEC 288 Lica—T 4 7 H
Kol-SS ¥R (Kol-SSi) ZFHELL 7=, CPf/Mech2 & [AIKRIZHY AW TR S B L TREICEATT D
BRICAPIREE A2 H 95 2 & T, Kol-SSi ¥y R A9 L7k (CPi) BE O, B F =7V 7
i L7 a—7 1 > 7kt (CPi/Mech2) ZFHBLL 7=, 7235, Kol-SSi KD Tg 2343 CTHDHZ
EERMEL, BT ) S TR TOMEVEE % 60 CIZERE L7z (Fig. 22, CPi/Mech2), %
Sz a—T 4 U TRiFORIESAT (A) 1%, SOS Ki+D5fi L BEFE L TR, AFlZ L <
BRI COREITRE LW ERE T, Fig 24 [T RIEER I =T7 U 7 L
THza—T 4 ki (ABAIZR L, HY) O SEMEBEZRT, RS 27 ) o 7%Da—T
oA TR OFREREIL, IR U2 T U o 7 thOa—7 4 V7R I3 e 2 Rin & &
Lz, F =27 Vo 7icknGEonsa—7 0 o TR0 — A L AFEE (Fig. 19C) #2550
WXL, B =7 U o T %D a—T ¢ o TR TClE, R RER Tl L A EE G A s LT
(Fig.24B, D), Mz T, ¥ ZEGTea—F > 7 ki [CPi/Mech2] (Fig.24D) DOFEEHAMELIL,
ATBAIZ G E R D TCPf/Mech2) (Fig.24B) LR LT, WHTHY | AIEEAIORINZ LY
Kol1-SS DALV > Z S fREESI LD Z & BRI STz,

VL EOFEREBAHNCEZT S &, S0S Kiv-% Kol-SS & 3T Tg LU IR EE THEMRA ST WL FE -4
LHe,a—F 4 7T TR BIE L7z Kol-SS Ki 1% /A X — & Uitk b RIS ST LT,
ZHUTHKF LT, SEd SOS K 1% Kol-SS & #:1C Tg LA N Tz B Mrllel 45 = & X 0 | fll ~ @ SOS %1
TR Kol-SS K- #k%E S, D%, Tg ML EOIRE TSI BHLBL 2 ki 45 2 & ¢, =2—
T4 TR RLOmMEE LTS T LR T4V AEEEE T Lin, £, a—7 4 V7 AN
R ZBNT 22 L1280, LORIETOEMAT 27 U o IR aRel 720 | M OEGRO Y A
7 ET D 2 ENTE R, Db, BRI & R LR A e e B L. R IR A TR
T5HZEICE Y, mREACEED LA Wi a—T 0  PIEEMSL T DIZ R 5T,

20 A
Key Sample D10 (pm) DSO0 (pm) D90 (pm)
18 - x SO8 33.07 48.03 69.85
16 4  CPf/Mechl 34.44 54.73 267.78
14 1 ®  CPiMech? 33.77 50.1 74.34
—_ A CPi 31.61 50.06 78.45
e 12 4
é A CPi/Mech2 52.72
2 10
=
S 8
(=
2
= 67
4 -
2 -
0 T

1 10 100 1000
Particle size (um)

Fig. 23. Particle size distribution of coated particles after mechanical curing using a mechanical powder
processor. Data were obtained by laser diffraction method (dry condition). Key: (x) SOS, (9) CPf/Mechl,
(@) CPf/Mech2, (/) CPi, and (A) CPi/Mech2. Inset: SEM photograph of CPf/Mechl (#).
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Plasticizer-free

Plasticizer-in

Before curing After mechanical curing

Fig. 24. Scanning electron microphotographs of coated particles before and after mechanical curing.
Appearance at 1) low and 2) high magnification. A-1) CPf, B) CPf/Mech2, C) CPi, D) CPi/Mech2.

HI3E WBAX 2T Y 7T X BRI

BIAMERIANC BT B Z 6] L7223 6 b 502 OB eh 2 KB R 4 5| & 72X, Wik
i, PEENTIRIH S UE BT CIEE SN D BLENH DY, Fig 25ICHMAIT 27 VU v 7Rtk
Da—T 4 2 TRiA0 b OB 2~ 3 (KAOHR ARIXBIG6 £ TOEENTH H), SOSE
CPfIIFig. 21 LA UT —# Th D, FHFE TREDKL-SSIZE D a—7 1 71%, pH 6. 807k
R (R ICFY) (2381 D SOSKL T OWIMIAHHE DR T 25 X Z L (X—>0), HITHEIF =
TV ZIZED NS RHDBEBIE L7 (O->@), E£7-Kol-SSICAIHAZEL AT 5 Z L2k v il
RIS DICHERTAZENHHLE (OCO-AA), ZOFRERIT, X227V 7 TRIZXL
DKol-SSD a—7 1 » JIEREEAL L, FIEAIOBRLAIZ L0 ICHEHHIEREA RSN L2 B
95, BIh, Wk~ 2% o ZPEgRIT R P CoEHIEEEZ KR L TR Y, mOWSIREEDIC
E, =T 4 TERICAIBRIZRINL, BT 27 ) 7 EET ORI D BV E B Lz, 72
72U, SBRRER~ A% 2 7 2@l H120E, WIHBHHOIHIA AR5 TH Y . HRHBENLE
ThdLEZTWD, —FH, 2—7 4 U 7HiEOpH 1. 20K COIEMIH 7 2 7 7 A TR
CCRI%ETHY, a2—7 4 » 71 THSOSKL T ORI Z MR L7z, ZORER K0 IO K
N ABERNITAEAE L TW D REC ST R S 4, BNICBATRITES S S D 2 E AR S
72

B —T 4 7R DpH 6. 81231 2 FEM U OHIEN R A2 EEINICHE T 5720, Fa—T o
v TRIA- DN D DI RS 2 U A TIOVEECY TET UL LTS, U A ZVEIET. SR o S A
ZEENTR AT D 2 ST TE s, AR OFMBH 7 0 7 7 A )V 2 R E iR iEam T D BRI
LIZUIEHW SN, o T Iz E 53 D63, 2% DS 9~ 2 OIS B 7 RE 2 R3]
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T A —Frdd, IR O HEEE A E RIS ST 2 012 LT 5%, Table 53 K UWTig. 2612,
TATNVETANLEMENTENRNT A= LEREE DT 4 v T 4 VIR EENETIURT,
SOSKL - ZKol-SSETHARMET 5 Z LIT XV | wfEDS. IFIZHEIN L7 (SOS—CPE), ZDZ &k,
SOSHL - DKM Kol -SSE AR L7272 THIMIMEI R R’ & 5 Z EBNIR S, £72, CPf
R 27 ) N LD RS 2 & T, tfEANSOSKL T DFI8fE & 72 W (SOS—CPf/Mech2) | #
MF =7 U 7Ot (CPf/Stat) ERIBRE L -7-, ZDOXHIT, KX 7 VU 7izko
THIF 27 U o 7L 2 i HIHRE A S CE 2 Z L LM e o7, DE D | B X
a7 Vo TIFENX 2T ) 7B ERVELZEEZRLTWD, —F, a—T 4 7 HIHIZH
IR 2 AN L T2 536 . SOSKLT-1TKo1-SS1 & ¥y R A8 L 72K f- (CP1) D fiEiZSOSKIF-D7. TR TH 1 |
[FI St CRAEL L7k (CPF) & bhilie UCHBEEF IR LT, AIEAIZ N L7356 ik, Bveinx
RUVIREE TR TH-Th, HEPE & RGRERICAE U8yl I RIS RE LIS L0 |
Kol-SSD T AU DGR/ AR L, —E TR b2 Bt Sz b o EHERI L7z, £/, CPiDg
WHIF =7V 7% (CPi/Mech2) TIiE, b HEWHMH 3] S 4L, tofEIXSOSKL - D12, 55,
CPf/Mech2dDi1. 6% & 72 o7z,

AR L7 X 91, ®BRD% =27 U 7k (F, ) (ICTRUZ2EEO 23— ¢ 7R 713
B bR MMEEE 2 LTV, CPi/Mech2Wi 11X /MR XM Rk O/ 3 F g L7 A 7 AiE
ThHHHLOD (Fig. 24D), FFIF =27V 712K B — AL AHEEDCPE/Stathi 1+ (Fig. 19C) Z#&
HHHIEE R A LTV D OIXBREWRE R TH - 72, BT AW E 2 Ao —7 ¢ >
TR, MIARBEE TR LA = 7 ) o 7 TR A O T O EEREM 200 R2 L & <, TER DR
BEEEIC L2 a—T ¢ VI HREEREOR W a—T  VTETH D L E XD,

(A) pH6.8 (B) pH1.2
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Q. @: Plasticizer-free
A,

A : Plasticizer-in
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Fig. 25. Release profiles of phenytoin from coated particles before and after mechanical curing. (A) JP17
second fluid (pH 6.8), (B) JP17 first fluid (pH 1.2). Key: (x) SOS, (O) CPf, (®) CPf/Mech2, (A) CPi, (A)
CPi/Mech2. Each point represents the mean + S.D. (n = 3).
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Fig. 26. Dissolution data and fitted Weibull model for coated particles.

Table 5 Weibull’s parameters

Particle Type time pararrl;jeter of shape paran[feter of lag-time (mﬁ)l) of dissoluti(l)\r/fozlt
dissolution (min) dissolution dissolution infinite time (%)

SOS 4.422 +0.526 0.686 +0.124 0.385+0.293 102.06 +£2.09
CPf 13.675 £ 0.671 0.8972 £ 0.0688 0.062 £ 0.470 98.94 +1.42
CPf{/Stat 35.17+2.13 0.9055 £ 0.0265 0.272+0.116 103.25+2.43
CP{/Mech2 33.668 +0.499 0.89092 + 0.00995 0.3421 £ 0.0584 99.731 £ 0.661
CPi 34,18 +£5.21 0.8550 +0.0835 0.405+£0.245 104.46 + 6.88
CPi/Mech2 554+153 0.8855 +0.0850 0.143 £0.382 106.6+ 13.9

{118

BAH BEEER AR TRTEEET S 0D SEOFHR

RIEIC T, Wk —7 ¢ o 7RI K0 PRSI C o BN RE & (1 5- LT =2 —7 « » Thi 1%
M CTE D AR LI, £ 20, HHIERSREN & b mo o732 —T7 > 7k 7 (CPi/Mech2) %
AV, ODEENCIUA SN A HE (EFilk~ = h—L, fitro—2, 7o 2R RY) &
& B ICHREITEERS I CEMI 5 2 & T, EAAL0 mm, MR OODEED TR 2R A7, M, 22—
T A TR ORAEEIGEL0 w/whk Liz, TORS, 0DFEL Lot (B > 50 N, AiERE
M < 30FP) Zii7-d. BEEEO0 N, AREERFREI20RPOODEEZ RIS 2 Z LN T&EZ, 2T, 2—7 4
YR (FEAERT) M O0DEE (JEARRE) OB EZ e L7z, £ ORER, JEMERI% CIRHZEEN
FEITRD biviginote (Fig. 27), LT E YV, o —F ¢ U 7K+ 2 5 AT 28R 2 4 DB, T8
JEINC R0 a—F ¢ U TTEBSHEE L, AROFHHEBSRENME T35 2 & MBHAE S Tun 5™,
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— . AR TRART 23 —7 4 7RI, WHRBROMER LY | MEAR Ao T2%TH 2
—T 4 VIROBE AR Z S/ LR STz, BT OSEMEER (Fig. 24D) 2R3 XK 912, B
W 27 U v 7H%Da—T ¢ R OFREIL, WEBRE CHRWITIAR 252175 2 LIz kv
FrARI S BEICHFEE LTV A 7 EZ2 2 L TEBY, TECIC L D L E > T, MEI
KH8HEEPECIZ Wa—T 4 VI EEER LI O MR L=, 7272 L., AROFERTI, 84
HEIXT D a—T ¢ VR OHGAREE BRI 72 (10 w/w%h) Z &b, 5%, £V
TSRS, B 2T, HOAREIA30 w/w%h COMIENLETHDH LEEZXD,

BBIZ, 2—T 4 VTR EEE T DEERIOER~ A% T EREE LV BEBICRGET 729,
DX REOEHRERICIZ, 70— b—t/MEIC X AEHRBRE FEfi L7z, 7a—2L1—k/L
B X DIEHRBR T, IS D720 OEN TORE 2 fEICEEE T2 Z LN T, RS-k
HZRE SR P —IC L DIRE & L <HBET 2 2 E M@ ST a™, Fig 28It 7 m—2A L
—/METH LN EMOEH T v 7 7 A VERT, K CRABRE 2/ 3 5 S0SKL 11X, 300F)
T20%LL EOEH R Z/R L, YR L 0 72 it e 2R Uiz, ZhUask LT, B =
TV T HORBAIGE 2 —T 4 v ki (CPi/Mech2) | M ONC Z % & A9 5 ODFER DR H R IT,
T x= M UBRE B LT, BHAARED B 300 R E TaE LT, SIS S v Tn
2o ZOZ MG, a—T7 4 U TRAIIENTER~ 2% 0 THERAHIG TE | FISEZ THZ DK
SRR X L2 2 L DRI S Tz,

100 A 100 & —
90 - 920
80 - 80
g 70 - gs“ 70
= 60 - = 60
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£ 40 4 Z 40
a 30 - a 30
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Fig. 27. Release profiles of phenytoin from tablets composed of coated particles after mechanical curing. (A)
JP17 second fluid (pH 6.8), (B) JP17 first fluid (pH 1.2). Key: (A) CPi/Mech2, and (<) tablets. Each point

represents the mean + S.D. (n = 3).
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Fig. 28. Release profile, using the flow-through cell method, of phenytoin from tablets composed of coated
particles after mechanical curing. JP17 second fluid (pH 6.8). Key: (—) intact phenytoin particles; (x) SOS,
(A) CPi/Mech2, and (<) tablets. Each point represents the mean + S.D. (n = 3).

WO EEER~ R SR FOEMIH A I = X A

RAERIRL T (EX) ICHME A — % — K I 7 AF v —kRICHE L7z SOS i 7%, KFEIZHEAT S &
EHICHAE U, R FEE S A3 D3 K IR RIS 8 2 2 & &2 elciiil Uiz, AW
TlX, SOS Ki ¥ DFKMEIZ Kol-SS & ft L= a—T ¢ > 7R & Bl lZi%Gt Lz, Ka—T 47
i O i HRERE 1. PR RE CIRIEAE L 722\ Kol-SS JBAMER D% 2 FLE L, EX B oMk
L O OVERZMEIT 5, BN~BITHIL. pH DR TIZE bW HIAMRORMGEN G & 4 L 72
D, NE~BIENRALIED D, ZOREF, EX R DIFMZ 5% U, M7 B ph+ o Bl 2 8 U
THEIED R WEMIH NI SR Z S5 &S D (Fig.29), 2E 0, BN~OBITEZ AL v F
ET DI DA Y - A T HRE R R LM 2 —T 4 VTR ORR Th D, 2D —T ¢
Y TRIAE R AR L S LoD BV FT A T T 4 RS D RS, Bl
WA (RO S @EEC T 72 AH) & OAEFREEDG O NGV EHEET 5, Tio, &
BIECIRE RO X 5 IZHIEES G LR WEE Th > Th, N IEHIC LY 2 —F 1 VLS
8 LINEBIZIR 2 3 A UIEIAREEE RE 1 L 0 SR 2 N2 S S, BB IE A Rl C & 5 2 & 3
RTE D,

OD §& 4 1A L 7Bl O & LT, TIROERIGRL 72201 & L CHW a7 « = VIO R
Y AF TR RRESNTWS 29 B~ AF 0 7270 Y 1%, B RAX S L Emoo S
FT ATV T 4 ZWSLT DD OEY N T 5, Z O OIEMZRL 1%, BRI O B b
fif (Nonpareil 103, RifH¥A X 710-500 um) ([ZHM A HEHET 5 2 & TR I D, 3K
FOIMANZELE S 7o, B EKBEHER Y ~—0 o2 DT EIL. 7 7 % A4 LAO-AK & AR i H
DT OBFN Z ReTe ¥, HRAYIZ, AFRICTRET D&MW~ AF U 7R3, VA 7 VB8 E Y
572 tofE (Table 5) P/RT Y, T 7 XA LERDII-T2, Morphologically-directed Raman
spectroscopy (Z TR L7z SOS KifH OESALIRAEDHIERE R L U . EX K EEAL L TWhan
TG 72 e PHT BL - 23MFET D Z & 2m LTS (Fig. 17, EXAHEEA =2 723 0 f43L D 10~20 um D
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71y R, S0S Kt XV /hE IEERIE TdH 5 EHE PHT BRI 1%, Kol-SS IC XD ARmeMRa—T 4~
T EFBETDAEMENRD D 25 LIFEALR 70 AH O 2 27 Ml AR TE o
KCTh o EHLET D,

— 5 RPN T DR~ A% o REIRL Al OB R O AR A IHIT D LV S iR
BITRO LN DD, BEKPERIC L > TERNRTEERD EEZLND, AR TIE, R 1
&L CERIBOBREERIRL -2 A L, 2 —T7 ¢ > 7k ICIEBRE 2 1 5- Lz, HIS. BEEN 72 f
T ATHRER T DEW~ AF U TR ORKEHE W D BT, TEREN & 2R E M D Z L 3T
XD, MAZT R & U L2 EXRL 13 20~80 um Efhod = —F ¢ > ZHfff & b~ &<
KON AR TR ORFERREL T 5, ZORR, OBENIZOB L IEBEORREil Y %
[E8E Y 325 Z ERAEETH Y, DEEICEAETSa—T 4 v 7k & L OERICERL TV,

/ (a) In the oral cavity \ / (b) In the stomach \

Gastric juice g e
penetration .

EXPLOTAB
(modified starch)

Phenytoin

Kol-S8
(Taste-masking layer)

/ \ Kol-SS dissolved

Fig. 29. Schematic diagram of the performance of coated particles containing swellable spherical drug

particles. (a) In the oral cavity (neutral pH), the taste-masking layer inhibits the penetration of saliva and
suppresses the release of drug. (b) In the stomach (acidic pH), the taste-masking layer dissolves, and core

particles begin to swell following contact with gastric juice, thereby promoting the release of the drug.

EoHN /ME
HAEACEE O EZ N WEFRER a—T 4 7 (2—F 4 7RO RS & iiEk) %

ST B2, B =27 U 2 (Mechanical curing) &£FHT720EREICIZ R WENIRS =7

U T REEER LT, BON-a—T 0 Z7hif1%, SHRZMEILoo, BN TS0 R Y

AT 5 MR IN, LUT, RETHLNCMAZTHT 5,

1) SOSKI¥-%Kol-SS& (T Tglh b DIRE THMAVSIWILEE T2 &, 33 —F 4 » 7721 T2 < Wik
L7cKol-SSKL % /A & — b LTCIERIN T T 2 2 L VR S e, ZAuTxt LT, £9°S0S
i %&Kol-SS & I\ TgLh F CRzABIMrLER4 2 = & L 0 | % DSOSKL ¥R 1 ZKo 1 -SSHi 1 % $2
BHEE, F0%, Tell EOIRE CRaBIMH IR 2 ki35 2 L T, b FREORMADRNWT ¢
NV ATERRE FIREE LTz,

2) HHIF 2T U T BEXOMBAIS 2T U v %D a—T ¢ v 7 kiF (CPf/Stat, CPf/Mech2) @
I XIIERSE TH Y . RS 27 U U 2327 ) o S oRELE 20155 2
E MR X LT,
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BWHEINDZEEP LN L, LL, MR- OEDEENRE L RDITONT, EHBEEZR
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H10> EX & PHT DIRGIREEZAEE L 7okE R, KB Ok F72% EX & PHT DMk iR ST
Y . ordered mixture BROB ALK DR SN TN D Z & Z24a/R Lz, IWHPEORFCIZ, CS-0M
KD &9 7R A e D BRI O BWHECERI RO T4 5007 PHT OELEE|E A3 5V EX8: 2
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R EXT:3 128\ T CS9:1 & REOREHZFEE 2R Lz, £7o, AROBIKM: OM R 7O M &
i L CHEN TV, B ICHEN L7208k L v . M OM kL ORI OE T oW THE
22U T, CS-OM L1~ Z KK A LT235E . SR 1% CS K- ORI B/ SR & L Tk x
BT D03, —EROIEYPRL 11X CS L T OFREIZFRE T 5, — . EX-OM KL CTi, /K& #Efihfz i
EX BRI - ORI 2 2 & C, BEXCRL F-RHE D BT X COEWR 0 Bt L, B2 10 um A
DN A R Te o THEBT D LG, IWHEZBFICGET D MR LT, EEDIIE, 2901
72 B O I fif o 38 23 i S 4172 ordered mixture A1 & FF DKL 1 % Swell-OM-Spheres

(Swellable-ordered mixed spherical drug particles, SOS) &4 L7-.

WIT, R SOS R OREBEME T —T 4 VIR E AT —T 4 7 T5Z LIk, %%
N Lo N CHEY U 2R3 2 A 22 B & AR (788 100 um BAF) OFkeE & R ATz,
B —7 4 7R E LT, Kol-SS 77 v 7 AH| W& mAEiE LT Kol-SS ¥R & vz,
SOS KL -~ Kol-SS Dy ARWHE & s b & RIFFCHEI T35 728, Kol-SS O A7 RAfnf s (Tg) K
D EVEE CHEBIICAEE L7 & 2 A, R F2RAEL, B—h F~Da—T7 1 U 7IXNEET
bolz, £ T, H9 Tg LT T Kol-SS % SOS ki - IZ¥yRHFE L. e T Tg LA CHBI S = 7
Vo7 hlid BT RETDZET, Be2RaT - Yo/ UMEEOa—T 4 v TR ERDICE S
7o BB, Ko —7 ¢ 72 I8 L, IRE L EEICHIE L2 5 2 C, MigE s 7 «
NV ATER DM TR Z BRI EET 5 & 2 A I D - 7=, MEREEE NI T 2 8HEREE T ORI
TR (X277 Y o 7) L, 20 &9 22 Bikay 85 rl BRIZ 1 - TR b3 2 Fik 2 Hikny %
=7 U 7 (Mechnical curing) &£&fFi7=,

BRI 27 V) o T D a—T 4 o TR R TR D Kol -SS KL 1722 6 72 Dtk IE 278 L,
HX 27 ) o 7 THLND Y — b L AEE LT R > TS, R0 PR ER e (AN
FAXY) (2B T DI EIHEIZRIZ IFIERETH -7z, Fi2. Kol-SSIZA A AL AT D2 L2k v,
L VKR CORMBELAFTRE L 72 0 | IEHIHIIRIL VN > 2 SR LT, IR CORBE L TRIE, 1
¥EOZEENPOEMNNCLAEERTHD, —F., BERBRK (BRICHY) fTiX, a—7 1
7%t S0S ki ORI BN THERE S, e Wi A Rk Lz, 72, 29 Liza—T ¢
v TR O RN IEEANL L ThHER S vz, U EDORER IV Ko —F 7R3, ARENT
13 Kol-SS TN MER DiR % Z FLET 5 2 & CFMEE M 20l L5k~ 2% o VR & BLT 508,
—H, BN~BITT 2L pH OIKTICHE S BIRMEROBMN S| &4 L 720 | BIRISRLT-NEHICRA
LT EX BRI F OBAE A S L, 722 38k 7% EX RifiH S i S, A3 i ticE 5 & #E
LT, 29 LT a—T 4 v ZhFICRHBRG O A > « A7 BEREEAT BT DI E -7,

Pl b, R~ AX U THRE R 2 7o a—T 4 TR O RS 1k A ST U=, JFOEHR A
SR E CHA—HEENTREMET D ENTEXHARBE T B AT, KEIZUD & T HEBEZERE
T2 TEALELR WD, (EERBEEMFT LN TE D, Tk, kOB A T L —a—F
A TR 2T ) T R i a—T 0 T R TAEEEOR TEN TV S, AIFFEICT
WSz L7z SE R R GEIC K DML = — 7 ¢ o ZHIIE, BIEREEER TR 2O TV D EFRE MO
B EESORB G AR TH D, Fio, AEHR~ AT ZRi1X, RN 100um LT THDHZ &
MHAPENTOE L DX N D7 FEFELMEEHE LTV Enb, T4, /NEFRHE &
LTEHEHESNTWD = 0D 8 P ~OFA b KO CHif s, iEEIEICE S Eko=a—
T A T EM TR T D RERIEERL - 3 —T ¢ U, BERS B A 1T U LT kL
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IREEFETUC BT DREREVERI T 2 A 28k & 72 5 Z L 2 BiIfF LoD, e T 5,
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1. 3k
1.1 OMKFOFRE (81, 2E)

HRMEET AR E LT T == M > (PHT) (BE@EMESL—F, FL7 ¢ L AF0OEHMZE) 2 H
W, A LT B AR DA L Ok & LT, a—AZ—F (CS) (HRZ LV
— K, BRa— v RAZ—F) LT 77U a—EEF FY oA (BX) (EXPLOTAB [H/&Z L— K],
Ly T r~AY—) &M L, CSEPHTIE, & AN E FOREETHEM L, EXIZERSIRS 5
W EEE (Spin Air Sieve SAM-75, A v U AB3E) (IZTHHE L, 25um fi LAREEW 2 LT,
BUKMEOMBL - Z S 272D OBUKEHE L LT, KV =F L 7Y a2—16000 (PEG) (ZFE{Lik
T¥) 2=y FIN (A0, BA %) TTHiL (Z25E0.6 MPa), L7z,

1.2 MALFDERTI—T 47 (FEERSAX U TRTOHFRY) (53, 4E)

ETVIEY) E UCPHT, BRI & LCEXERMEA L (FEEEER), 2—T v 7 HELT, A ¥
JUVIVEEATF IV« A X7 VBT LT I ) = F LILEESE (Kol-SS) ki (Kollicoat
Smartseal 30D, BASF) Zffif L7, A[¥AIE LC, 7= b U =F /L (TEC) (& L7 4 Vv AFk
FEK) 2 L7z, WK LOBMRLEE, BiA 4 KB L OGS L — Rae 22l i
L7z,

1.3 OD EEDFHH (B4 E)

ODEEH DIRIZHI & LT, D-~ > = h—/L (Parteck M100, #/L7). f&fEiartE Lo —= (KG802,
JBALRR) . BREERI & LT/ m AR E K (Kollidon CL-F, BASF), BILONERAIE LTATT U Vg
~ 7L (Mg-St) (BT 4 v AFEHEE) 2 L7,

2. BEOFE
2.1 BAKME MBI TOFBL (5 1 %)

Table 1R T A E LUV EEHAEEIERE (NOB-nini, "V BT I 7 mr) ([THAR, #H
L%, AR EEREEICL GEiRZBG L, o—X—0fmEEE 1.5 min 20 THx I
5,000 rpm F T EIF, ZD#% 10 min @AMk L7, HEEIE T IIASEE 2 30 CRIICR ST
DIZ, BERELOY v /7w M2 20 CICHBL L7-KEMEER Lz, iR 7%, HEPEASz B
L TR Z B LTz, &Y 2 TARIIA T AL TN, iRz Eiid 2 £ 7 v 7
— X — T TERTRE LT,

2.2 FEZEME MBI FDFBL (55 2 &)

Table 3R T AR LUV EEHAE SR (NOB-nini, "YW U I 7 mr) ([TAR, #H
L2tk WA EEEIZL GEREAZG L, v— X —0ORESHAEZ 1.5 min 20 THR A2
5,000 rpm £ T EF, D% 10 min HEin ki L7-, IEEEGRTIXRREE 2 30 CARmICRD-
WIZ, BEFDDO 7y M2 20 CICHHE L2 AKZ188R L-, Hisk TH, #ikaist L TFRiG
LT Normal] &4 FHT7-LERR Z FIURLIZ[EY Uiz, F7-, BasNEE L o — & —|2fE L2k
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% [Normal| EIIBNZEIL L, TLoss) E&fHTTo, &V TR IEIH T AL TIVZ AR, 58T
RBRAEEHTHETT U —Z—ICTHERTHRE LI,

2.3 IRa—7T 4 7HORE (55 3 &)

Ko1-SS 7K 7y Bk & W ZE i AE ot (SFD) £ 12 K 0 By R L L 727, 1A 1IZ Kol -SS 4y Hiifk (Kol licoat
Smartseal 30D, 30% 77 v 7 R) ZIEFEAKIZTHIN L., Kol-SS D 10 w/wh iz L7z, £
72 T E TR, IBANT Kol-SS DR/ &2k LT 10 w/w% D TEC Z#sh L., AI¥EAIA Y @ Kol-
SS rEik AR LTz, D%, Kol-SS 7Bk . "EZEizffk (SD-1000, HULERLst) (28 L
T2 2 PRAR T L— 0 Dz ANT, 20 cm D END AT ¥ LU ARG OWIKRER R EIZEE LT
(HRARHERG RS © 30 mL/4y; MEZEZERJE @ 50 kPa), WKIZ. 5O I= Mk %, -30 CIZERE
U 7= SR RE A% (FD-550, HURUER(bastl) (2T 2 FEMIME 2 2 LI X VIRIRER A E2ICREL
7o T, [FEEEIC TXUEZ 133 Pa LU R £ TRIE L2, MR Z 20 CITRIE L. RN
H oK E FHERE Lz, RVATEIZT 24 BeiiE GREE 20 °C, &£ 5 Pa LLF) L2, #iE
WWRLTHEZIRY H L, TO%, F57= Kol-SS kA HBIE 1.0 mm OFRIZE LIz, AHFZE
T, A Z G £ 720 Kol-SS ¥y K & Kol-SSf (plasticizer—free). AJ¥AI% &4 7 5 Kol-SS ¥
A% Kol-SSi (plasticizer—in) &FRiL L7z,

2.4 BBHX 2TV & Ba—T o v TRTOFRM (F3, 4F)

2.2 HIT TS U7z EX:PHT=7:3 B D ALK 1 (B2 —T7 1 > 7 hif-) % SOS ki1~ & ’EFRd
%, Fig.22 7w —F v — MIEWV, #XEEEEE D% VT, Kol-SS (Kol-SSf, Kol-SSi)
IZE % SOShi O KRWE L, TOHRDOX 2T VU 7 %&E LIz, S0S & Kol-SSf % Table 4 (TR
7 S0S:Kol-SS=7:3 OE & T NOB-mini (ZfIAZA, TRl Table 6 (27”9 S CHEIAVIZALER L 72,
MABBETRBLOX 27V vV TRO e —& —[REREE L OSERREFIL, ZZh 3,000 rpm 35
KO0 min &EFE— L7, —H., Vv 7y NOREIREIL, AIEAIOAELS LOTRICL D EEE
B L7z, DUFICHEEFRIE & BOEIRE OB A2 Ll 5, 708, 20 ClLKol-SS (Kol-SSf, Kol-SSi
) OH T AERBIRE (Tg) LV b 20 CLLEEVIRE, 80 CiEKol-SSf D Tg LV 20 Cix¥
EIVRE, 60 ClE Kol-SSi D Tg LV 20 CIZERWVRE L LTHE L,

Table 6 Operational conditions of dry coating processes

Powder coating Mechanical curing
Particle Type Plasticizer
Temp (°C) Speed (rpm) Time (min) Temp (°C) Speed (rpm) Time (min)
CPf Free 20 3000 10
CPf/Mechl Free 80 3000 10
CPf/Mech2 Free 20 3000 10 80 3000 10
CPi In 20 3000 10
CPi/Mech2 In 20 3000 10 60 3000 10
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WR=a—7 1 > 7 Hl "T;&ﬁ*%eﬁ%ﬂul,iﬁb\ééiu (plasticizer—free) TiX, SOS KL F & Kol-SSf
IR % ARG REEE T C 20 CORBMABINLEL L, SOS B 1-DF T Kol-SSf ki 1% [ E{k L
T ¥y R B - (CPf Coated particles with plasticizer—free polymer) ZFHH L 7=, f\ T,
[FIAERE NI T 80 CTHNEAL 7078 DEEMRAY ST ALEL L, Kol-SST J@2N Bk L7 2 —F 1 o 7 ki v

(CPf/Mech?2 : CPf after mechanical curing through 2 steps) ZFHELL7=., /-2 EiZRC,
SOS BRI 1-ZR [~ Kol-SST DMK E L X 27 U o 7 ZFRIRFICHEIT S 5729, S0S Ki 1~ & Kol-SST
MARZ 80 CTHIZELL 7273 O M AY S riLE U TSR - (CPf/Mechl : CPf after mechanical
curing through 1 step) Z ML L7-, 7238, CPf/Mech2 3 L OV CPf/Mechl DRKEDFHE 1%, HEAY
Sk o 2D TREZRT,

MK = —7 4 THNZATEAIZ RN 5 %51 (plasticizer—in) TIE, SOS K& Kol-SSi Mk
% 20 CCHEMBTIHAEE L, SOS KL f-DFEMNZ Kol-SSi ki1 & [ E(k L7z by ks 1 (CPi -
Coated particles with plasticizer—in polymer) Z %l L 7=, e\ T, RIZEEWNIZTCPi 2 60 C
THNEL L7223 O BRI BT T AL ER 3~ % 2 & C Kol-SSi @SRk L7z 2 —F ¢ > ki1 (CPi/Mech2:
CPi after mechanical curing through 2 steps) ZaH#lL 7=, JH# L 72T X TOHEAELR 11X
T T ANA T A AT, TR Z BT 2 £ T o7 — & —IZCERTRE L7,

2.5 X 2T VT KBa—T 4 U TRTFORY (3, 4F)

2.4 TIHBLL7= CPf (ByR#ERL 1) %, 7 v X 7y —heHWn ooy —L EICH LD
Ko®An L, 80 ClzaxE LI-Mi=NEIREEE (KT A 4 —7 ) (DRA630DA, ADVANTEC) HNIZ T, 6 IKF
MRS U7, B S 7-ki 1% CPf/Stat (CPf after static curing) & FELL. U7 AL T )L
AN, oWrBRE T 5 E TT v 7 — ¥ —IC CRIRTHRE L=,

2.6 0D SEDFHE (254 %)

BRE 27 ) o VD a—F ¢ v ki F-%& 0D SEICULIH S A B FRAINFE & LI ERERE LT
0D $EZFHEL L7, #IHIZ, CPi/Mech2 (3 g), D-~v> = h—/b (22.5 ), MiEsmtEE L —2 (3
g, BLXOWoRARE Ry (1.5 g) 2RVZF LNy ZNTS oMIRE LT, W T, $E£ 10
mm DFFEHDFIFFIZE w/ v AT 7V e~ 7R3 5(99. 5% F /) —)V) 53 Hik 2 WA LT 1%,
FIZ LFIREY 300 mg 2 FEICHRIE L, JRe/EMEs | sk EERE (Autograph AG-X, &EESLERT)
Z T, 75 MPa, JEMEHEEE 1 mm/min O TEMMIE LTz, 15 bIVIEEAIO R R L O
AT oA — (D6-933, /NEFRIZR) 3 X OEAIMEERE (PC-30, [ H¥E ) 12 TENEIIIE
L7z,

3. FHEGIE
3.1 RO HEEER
Mol E T — 7 20T T2 TR IR B A LTk, ARy XY T
& (JFC-1600, HA®E ) #FEHL T, V7R +2A&Ta—7T 47 L, T, £l
BEPAMEE (SEM) (JSM-6060, HAFE ) ZHWT, Vo FAkirOREELBIZE L, £,
e, oAk FERERR S 7 1 b—2A (RM2155, T4 ) (2 CHIKF L. Wrm % SEM ©
BlER4 5 LT, =R LR E X B HT (BDX) (JSM-IT100LA, HAE ) 2 H L T~
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v T w{To 7,

3.2 BIERA DRIE
HE A HCEE (Sukesan AS2PD-6, A U 4B3E) & HW T, 0.4 MPa DJEMEZER TH o 7V kL1
Ao E L. b— BT - BELFCRLEE AT I E 2 (LMS-2000e, B A o Ap3E) 1T TR 8%
BIE UTe, RREEEHED BAE A HhAR L 0 (RFRAOK 1% (10%B7 7£% : D10, 50%Ki1-£% : D50, 90%
K48 0 D90) ZF37c, Fio, RESMIEDOIRIE T D AN EEZ N (D ITHEWEL LT,
D90-D10

S =
pal D50

- (4

3. 3 M FEIGAFT I & Uit

B EGIT I L OV ~ VB GBI K W | SOS KB KOWBHR S (v EX:PHT=7:3)
DRLFEHE I K OR i 2 5 L7z, #1012, BT T ~ i tdE (87 + ¥ 4-1D, ~
WR=2 e NPT 4 TV) B L TS O#=y FEERALT, P Iy 7L AT—
VEDOHTT AT V— ML LT, BT, R 25 fEO L XA LT, filx oS08 ki1
DG 2 TG LTz, WEHES MIZOWTIE, 53 50 50 L X2 L Chi Bt 2 S LT,
WIZ, solidity : 0.90 PA_EH-> Heywood 8 (FEEAEMFAYEER) : 10 um LLEORI TR LT, K
R 785 DT < L—¥—% 10 BEME L, A5 10,000 Kif-5 DT < AT kL (A7 b
JVHEPH 150~1800 cm ) ZUNEE L7z, 7238, R0 DT~ L—PF =D ARy b XL, BEE
M2umTHD, BIFELIZT v AT MALVOATIZE L T, P EXJEUR (Intact EX) BE O
PHT JFOR (Intact PHT) DAY b&aTA 7T ) —& L THEBEICREL TEBE, ZAHDANY
ML EDFRMEEZRHMET D Z L2k Yo TR FORSFELZIT o7z, BlG, o 7k 10
2 WAy A7 RoL & EX D 2 IRi%4y A7 bV OFIREMREL (EX correlation score) ZHMH4 252
Lk, WHOELPMAEMEI L7z, EX correlation score=1 TohiviX, XIEEhI- LMk 7e EX
ThbHZ EHRL, EX correlation score=0 THIUIR, ERIF 1L EX iy 2 < & A TR,
TROBMERPHT THHZ L2 d, RELAR T HEIFESE&HEZRT O TII R, 7+
VAT RILOBEIER X VEX correlation score OB HIX. HEEMNBEOY 7 VU T HFEHLT
HEN CFEIT LT, &S, T—2MIrB X7 7 7165k Y 7 b7 =7 (Igor Pro software version
8. 04, Wavemetrics) Z{#HH LT, kit A X (Heywood £%) Zx1 5 EX correlation score &~/
oy b LA (Fig 17) 21k L7,

3.4 e RAIE

%120 mg DREMY R A EMEICFERE L, 200 mL @ 50% A % ) — L KESHRICER L, FLA20.45um
DAL T VL7 40— (Dismic-13HP, #i/K PTFE, ADVANTEC) Tl L7=, WiZ, LEILLTT
AL ) =)V THR LT, PHT OIREZ mdikik 7 v~ 277 7 ¢+ — (HPLC, LC solution, MEhEtH
TERT) IZ X D HIE L7z, HPLC Offi kws, HIESAME% Table 71277,
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Table 7 Measurement condition of HPLC assay for phenitoin

Apparatus Condition
Pump LC-10AD (Shimadzu)
Absorbance detector SPD-10A (Shimadzu)
System controller LC solution (Shimadzu)
Column Inertsil ODS-3, 5 pm, 4.6 X 150 mm (GL Sciences)
Oven temperature 40 °C
Wavelength 258 nm (D lamp)
Mobile phase Acetonitrile:10mM Na,HPO; solution, 11:9 v/v
Flow rate 0.8 mL/min
3.5 SrERULEERER

OM BE 1~ DIEW) 73 BURFME 2 R- 3 2 72D PLREIE &G ot 7o 0 BERWRL T ORI T2l E S K
OB TR DE &% Ehi L=, M1DIC, it LT 0.5% R E=1rtenrl K (PVP) & 0.1%
U UNMERET N U DA (SLS) ORAKEKAZFHEL, 2.0 nL HEOMFERIBLGCHREE LT
L5 mL Z53E L7z, SV T B o AR 2 N L, 1 IR VT > 7 23 F%— (Vortex—
Genie—2, Scientific Industries) T L-OLHE L. SHchi %2 BRIEFEIE7-, 2B,
BEIAERT 23 AR ORI, REFRERIEREZ 8.0 mg/mL, FEYEEOERFFIZ 0.2 mg/mL
DEYPRIE L 72D X IICRE LT, o7V o 71E, &k 24 FEM & COBEBI LTI L, Wi
25 1.5 em ONLE (BREREHE 2 DIEH £ TORE @ 3.5 cm) 2 HEEK (100 L) ZERE L, B
I U 72 B IR A SER) O BNk TR L 7o, b— W —[ErEELE RalE) (LMS-30, A v o4
¥) ERWTHBRLF-ORESA 2 E Lz, -, BEERTOEDIRREEL . 3.4 OFEIENE
B L7z, 150V BB EE 2> D RN C OSRY IR B A U, BBk 7 &0 A OIRMIRE (58
MR FIREE) & LT,

ERREE DMATIZ OV CIXHRIEEEXTHH A h—27 2K (5) ® ZHWiz, KRB TO%
RT A =Bl (KL, U RS . o BOBEREEE . JEBREERE) 2R L CEWz (6) T, Lk
REE 2 PR D AUTTEBRRL TR —RPICIRE SN D Z L 2R LTEY | Bim b, Z OB R Lok
FIIBE SN2, LR o T, ZORFREHy hA 7R EF LT,

i &ﬁ o
(Po—p)g Nt

2.753 x 1072 2.753 x 107
deut—off = — % (cm) = % (um) ... (6)

d: particle diameter (= cut-off diameter) (cm)

pp: density of drug particles (= 1.40 g/cm?)

p: density of water (= 1.00 g/cm?)

n: viscosity of the aqueous dispersion medium (0.011 g/cm-s)

h: sedimentation depth (= 1.5 cm)

t: sedimentation time (sec)

g: gravitational acceleration (= 980 cm/s?)

e.g.: t=1800 sec (= 30 min), deyeort= 6.5 pm; t = 8400 sec (= 140 min), deyorr = 3.0 pm
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VLB AR O SRR BE LT % A5 PR RF R 12 O SR IR D LRI » M A 7 RLUT O3
Wk BRI E O EBRGZR L TERY . TNE2HWRL iR R L ER LTz, Fx ORI
BOT, RN OHEE LD y M TRISH L TERAFRE Ty L, ZRERSZET,
BRI A D BBRLEE 53 AT 21572,

3.6 FHEEHIE
BB BRI AE A L7 (25 °C) oML, a—r 7 L— MNMKEE SO [ElEREERE (DV-
II-Pro, 7y 27 7 4—)LR) ZfFEHLTHIEL,

3.7 BEHE
PHT B X OVEX ORI B IX, B ) A—F— (U KT ET ) A—HX—1000, H ¥ a—2A
TxNy) BEHLT, NU AT ABEBREICLDREE L,

3.8 REEEZARENE (DSC)

TSRS R L =R 2 —7 ¢ > Z7A] (Kol-SSf, Kol-SSi) 10 mg % EAE 4.5 mm D F]
ICFIE L, HREEHES BB (Autograph AG-X, BIEEERT) ZHWT, £/ 100 MPa, JE#E
HEE 1.0 mm/min OFRMETHEM L7z, W C, EfME T VI =0 LN THE LIk, ~EER
BEIEREE  (DSC-60, EIEERUERT) 12k > h Lz, ETHIHIC, 7% 130 CITE%,
REFEZEA L CHHA L, TO%, LREZETATA=ULANRS, BELLER 5 C/nin T-
50 C225 130 CETHEME L, T 7 AEBIRE (Tg) 1L, B 5472 DSC HiffD~X—2 7 1
ZAC D BRI R & & T RS O RS ORI & Lz,

3.9 EWi DM (/X ML)

#17T WEA AR (JPI7) IZHEL, wWHBBRIEE (NTR-3000, &ILFEZE) % T N RVEIS
0 | BRI IFTALER S DRI -3 L OBERI DO IEM R BB A 5H L7z, OM ki GF=—T7 ¢ v 7L
+) Ti, PHT 10 mg (6 59 > Fki+% 37 + 0.5 CIZHNE L7z 900 mL OFRERHEIC AL,
X ROVIEIEHEL 50 rpm DO SAE TRllR 2 320 L 7o, SRR, BIE COBMEBI A HEE T 2720,
VRGBS 178 (pH 1.2) LIAHERBRE 2% (pH6.8) 2M L=, —FH. 2—F 4 v ki 7Tl
M E LR T D 72012 2.6 ICFEHE L7z 0D SEOFHRR E[R—I272 b K 5. a—F ¢ v 7R LR
FIOIRGIRZFHE L7z, PHT 6.3 mg (ZxHGST DIEAWAREZ AV, MBI & [Fl— DB TF
M L7, FTERRR (1. 3. 5. 7. 10, 15, 20, 30, 40, 50, 60, 90, 120, X V*180 min) Z &2
WHIR 1T mL ZEREL 728, Ny 7 by o B 1 ml 2478 L7z, BRI L 72 is ik,
0. 45um DA T L7 L% — (Dismic—13HP, /K PTFE, ADVANTEC) Ty L. JEHET D
TP A HPLCIC K W MIE L7z, 7238, JESRMFIL Table TIZREHE L7ZEY TH D,

3.10 EWHHEOFTM (7 u—R—& /i)
FERE R BT LER % DRI T3 L OSEANZ DWW T, BIENICRIT 2 Y O PR HTE 2 e 5720,
JPITICHED | 7 b — 2 L— R TR HARBR IS (DF-7, K H AKSHE) 2 W TR B & 920 L 7=,
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HERRIZIL, ANTHERR (NaCl : 1.44 g/L, KC1 :1.47 g/L, B LW Tween 80 : 3 g/L) Z#= W, NE
22.6 mm OEBNLDEIZELS m DA T7 AL —A%EX, ZOLENHEZE04 mOE—X %2R L
Too MIARRDY 7 (FT8ERT) Tl HMEZH—T 570D/ RAGE L [RIERIC, FERTIZRINA &
DIREMARZHME L, PHT 6.3 mg IZHYS T DIRAMAR (0D FEDOLEIT 1 8E) 2 BMITHRIE L,
KIBOMRE % 37.020.5 CIZEERE L, ALHERZR Y =F LT A 7 04— (DF-PE05, FLE%:
S5um) ZiBL T, W8 mL/min CTEMIMER S, ZO%, K (1.0 mL) %30T &1T5
SRR L, FLB20.45um DA77 ¢ )% — (DISMIC-13HP, #i/K PTFE, ADVANTEC) Tl
L7=Db | IEIRF OFEMIRIE %2 3.4 [ZF0H L 72 FIEICHEW HPLC 24 L CRIE L7z, fnT, 3K
Ws R 2RI L7 ey L, OIlE s & Lz,

3. 11 $ER| D FAEENE DA
BERI D AR A4 oD $EAREREE (N a—7FF 2% —, WMERET) ICTRIE L, DN
TOREREEA T A7, BRI E LT 3. 10 123 L7~ 37 CHO N THERZHH LT,

3. 12 IWHIZB OLKMEAFT

Ka—T 4 v TR O IR R 2 E  EANSFHE T~ <L 28 VB TE & v i e SR
LT, 7= 7 v 7 =7 (Igor Pro software version 8. 04, Wavemetrics) ZfHH L T,
Weibull BE%L (7) P2k D7 4 v T 4 v 7 HITV, LATFD Weibull /87 A—4 M., to, BF LU
R LT,

M, =M, {1 —exp [— (t ;dt")ﬁ]} )

M;: dissolution (%) at time ‘t’ (min)

M..: dissolution (%) at infinite time

to: lag-time (min) of the dissolution

[: shape parameter of the curve

74: mean dissolution time (min) when 63.2% of My, has been dissolved.

R, IR RT A—% Bid, S (B=1). 7 EA FE (B >1) BIOH (B <1) &
Wo 277 7D ERTE L, FEEHER] (o) 1IBETICEEN2FDO 63. 2% 0B HT 50
W e RE ] A2 3R,
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