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Part 1 | Goal & Objectives
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BRI AL (LN2 mill)

m ZELT * InE kT
2 (77 OriB) 15 ¢g
S)a=FE—X 658 g (180 mL* )
TRIAER ad. 360 mL

400 mMLEENYEIL

DILaZ=F7ED
BRz5, [OlEnEd, [O¥RER

v ybI)LE (Jet mill) EEAR—ILIILiE (Ball mill)
m A-O jet mill, EA U103 m PM-100, Retsch

OftiAE: 20g OftiA=: 5¢

OZS/E: 0.7 MPa 73t |/ o 10 mm¢, 400 rpm, 120 min
(xtH&)




20 1 | #73HynvE
X 15
Morphology 510
& SEM: EEREBFIEME (JSM-6060, JEOL) £ ° ] ,
Particle size distribution 01 1 10

Particle size (um)

® g i&: L—F—EIrERELE (LMS-30, Seishin)
SEHEZESRIE: 0.4 MPa
@ B %k L—Y—E#T% (SALD-2100, Shimadzu)
o U K
¢ X FZE: D10%, D50%, D90%
¢4 IIUOVE L ymUTORFAEHLIEREE (%)
Specific surface area
& 7 )L H AW 7E % (Nova-1000, Quantachrome)
Crystallinity

¢ XRPD: ¥R X#R BT E (RAD-2VC, Rigaku)
& Modulated-DSC: ;REZEFHEIDSC(Q-2000, TA Instrument)




Morphology
572 ¥ 7K

(15, x 3,000)

Jet# 2t G
(f&28; x 10,000)
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m AR vs Oz vbk2)L { Phenytoin )
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(Wet method

—A&—Phe_Original Bulk
—@—Phe_LN2 Beads Milled

: Dry method

16 -
—A—Phe_Original Bulk 20 -

OriB
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14 - —@—Phe_LN2 Beads Milled OriB
— —&-Phe_Jet Milled . —&—Phe_Jet Milled
Sl S 15 - Jet
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-] 81 S 10 -
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= -
LL L

O0.1 1 10 100 00-1 1 10 100
. Particle size (um) JL Particle size (um) )
Methods Samples D10% (um)  D50% (um) D90% (um)  Submicron %

Dry method LN2 Beads Mill 0.79 2.02 5.23 25.5%
Jet Mill 1.14 3.24 6.82 9.1%
Original Bulk 4.26 8.51 15.3 0.0%
Wet method LN2 Beads Mill 0.62 1.84 5.27 27.5%
Jet Mill 1.11 4.29 7.95 9.1%
Original Bulk 6.84 12.74 21.05 1.0%
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Dissolution R S D2

[Phenytoinﬁ?ﬂi ]

100 100
~ -O-Phe bulk ~
S o-LN2milled | < g
- ©
o ~
S 60 & 60
o %

'.c_j e
£ 40 5 ¥
S o
> =
o 20 o 20
P c
o al
0 0

0 10 20 30
Time (min)

40 50 60

H 14 (Phenytoin)

CEMEIERA—TFILEE A
Phenytoin 67 mg (22%)
Lactose 213 mg (71%)

_ L-HPC 20mg (7%)

-+Phe bulk + additive
—-LN2 milled + additive

———n

0 10 20 30 40 50 60

Time (min)

Paddle 75 rpm

0.1% Tween80 aq
67 mg Phenytoin
0.45 pum filtration

900 mL
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*1advAl Problem & Countermeasure .
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m RSN LN23J)L vs TykhI)L

Phenytoin : PVP (1:1) co-milled >

4 _ _ )
9 -O-Physical mixture
g -&-Jet milling
. —-LN2 milling E’Z't“ﬂ'li
!
5 5 .
S 4 Phy. Mix. 494 14.4 79.2
= Jet milled 2.25 6.0 16.7 0.0
LL 5 LN2 milled 0.94 3.6 14.7 14.4
1
0 ol
0.1 1 10 100 1000
\ Particle size (um) y
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| Dissolution [EBREST-R-NoR-TLE

14

é Phenytoin : PVP (1:1) co-milled >

@
Aloo e Qm
g | N2 *—
2 80| O
% i o Jet
S 60 )
5 40 0
7 20 | Y —
O |
O ! 1 ! I
20 40 60
Time (min)

-O- Ball milled 120min (PVP)
- LN2 milled (PVP)

A Jet milled (PVP)

- Physical mixture (PVP)
& LN2 milled (Phenytoin only)

<>- Original bulk

Paddle 75 rpm

pH6.8, 50mM PBS, 900 mL
34 mg Phenytoin

0.2 um filtration




Crystallmlty modulated DSC

(°C)

Phe[R>K ¥ R
PVPJR K 164 —
Phe quenched 65 EmE
Phe+PVP quenched 120 EmE
Phe Bi¥h #5374 (LN2 mill, Jet mill) - fie R
Phe+PVP co-ground (LN2 mill) 168 T
Phe+PVP co-ground (Jet mill) 166 fE R
Phe+PVP co-ground (Ball mill) 126 EmE
LN2#3#, D ovbinh: ERBEHBTE D kKIELZL

05 2 R— )L ¥ JERE D IIxHY

R VETEE

IR AHBEERICTERT 5> fEmERFOSaANEFF 15




*1adkl Problem & Countermeasure .
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Concept of Ordered Mixture
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M KA TET ILEY)

Phenytoin (Phe)
MTANAE
A :296°C
AR 130 mg/L (7K, 25°C)
F—5— \77\7—&' —WRIZE 1+ BHFRF

M EE MR AN
Polyethylene glycol 6000 (PEG)
« KA F
EE[E R :56-61°C

YR AT 3N
Pheb (2382l FHKIE

T
Celphere (CP-102, Asahi Kasei Chemicals)
Nonpareil (NP-108, Freund)

Corn starch (CS, Nihon Cornstarch)

O

O
HN—
NH

0,

n =165-210

FEIHRIFZE 150 um
FEHHRIFZE 100 um

TR FE

20 um
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Ultra cryo-milling

" Formulation

Phe 7.5¢
PEG 7.5¢g
TILA=ZFE—X (1.0 mmd) 50 mL
BARER R ZTRINMEI

400 ML )La=7 &z

Phe 15.0 g
PEG —

T ILaA=F7E—X(0.6 mmo) 100 mL
BARER ERDZT AN

400 ML )L 7 ES

| Condition

FIPUBEESES
300 rpm, 5 min

Y
1600 rpm, 15 min
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Dry composite mixing

‘ BaRAE
| JEL% NOB-MINI (kvhDsomy) , =~

CS
Ef R
NP, CP
Vessel NI RS
Shaft PEARR
EERNDE
Rotor '

I7—/\—VUHE

HMmAEEE
1 mm
3000 rpm
2000 rpm
10 min

20°C

20.5-23.3°C

3.2 L/min

Clearance

ooooo
QAN
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m Dry composite mixing

Et*i%: Phe = 9:1 [ZEE

Mllled B
Le =R BA

) 27 N T KA N Y
2 N

NP 9:1:1 - 1.05g 1.05¢g : 1 20 mL
NP 9:1:0 - 11.25 ¢ - 1.25¢g - 9:1:0 20 mL
CP9:1:1 - - 11.29g 1.255g 1.255¢g 9:1:1 20 mL
CP 9:1:0 - - 13.16 g 1.46¢g - 9:1:0 20 mL

21



MorphOIOgy Celphere (mean diameter 1 50 um)

CP 92120

% 10,000 1T pum
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CS/NP/CP

1 < Ordered mixture ) NP CP
20 BRAFOREICHLT=
| B2 A XDEESHF
S
>15 -
&)
-
QO
=10 -
L
LL
5 -
0 | | | | | | T T
1 10 100

Particle size (um)

XRPD: ¥ +EES LB, HREITELZL

<=CS 9:1:1
<-CS 9:1:0
—CS &R
<-NP 9:1:1
o-NP 9:1:0
—NP &R
+CP 9:1:1
=CP 9:1:0
—CP &R

1000
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| Coating % BRANDENOHEE

EELE R E T7—-2xvhk % (SPIN AIR SIEVE, Seishin Enterprise) [Z& V)
ASABNRIT, EEtESNGh - RRREFRYRKRE, =

Sample A—T42 7

CP9:1:1 93.74%
45 um 1.5kPa  Cyclon 60 sec
CP 9:1:0 85.94%
N (b) NP 9:1:1 85.00%
(a) V"“ °4p56”‘”g NP 9:1:0 78.11%
3 um

CS9:1:1

OM sample CS 9:1:0
— ~ SBWNIE-=SampleF DEMEE -+ (b)

O—TAVTE =

ASBNSTRIDSampleR D EYEE “--(a)
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2. Packability (#77EE)

(EHEE)
HE (D DO SHE, Sy THE) " TR
19 - BUIESTEE (MT-1000, 11 %) | 70 - {i@b\.\'@
' w7 [E] % N~ @Y [Milled 1:0 — 1155 - BEMHH
#v7EE 500M Q@;q-\;zq-\ oy £ MERA
1 A SNV
- " . . \
A NSNS @-Q Q & o
’_ET C’J@@qé’q % N A9 50 (‘? C—, (.c?
?00.8 | é BEERDOLRYE
:>: 240 — BRFITIKRTE
2 5
S 0.6 - Z
g, a 30 -
£ 5
Q0.4 - O
Q '
I° 20 - NN
0.2 1 l 10 -
B
0 - 0 -

Phe CS NP CP Phe CS NP CP 25



Celphere

100 rpm
1 (pH 1.2) 5E2i& (pH 6.8)

100 100

80 - 80 -
_ O
& ‘0 . 0 =P 9:1:1
§ " @-CP 9:1:0
§ | o= Milled 1:1
= - =-Milled 1:0
Ty 40

20 20

O | | | | | O | | |

0 60 120 180 0 60 120

Time (min) Time (min)
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a1 Risk & Countermeasure
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Micronization S ER

; 16
< Phenytoin > 14 |
A12 - —X—C0Original
S10 | ——Dry ice milling (30 min)
- é‘ 3 | —a—Dry ice milling (120 min)
b—ﬁ—lﬁl?ﬁﬁ&ﬁiﬁ*ﬁf}fﬁ?‘ﬁ%ﬁ % 6 —A—Dry ice milling (360 min)
O
0.4 MPalZ TR 98X £ 4
2
Original bulk | 0% 0.1 1 .10 . 100 _ 1000
- Particle size (um)
Jetmilled 6.9%
LN2 zirconiamilled 15min 25.5%
LN2 Dry ice milled 30min
LN2Dry ice milled 60min
LN2 Dry ice milled 120min
LN2Dry ice milled 360min 24.2%
0 10 20 30
L Submicron % y 28




Morphology R7ZE:0EI0L ket rNzE

= MURK | | TSIV R

x10,000 1 pum




| Dissolution [E7=dN0¥~

s £ (Phenytoin)

4 Phe:PVP(1:1) iR & A
LN2 milled

100 (& Zirconia milled 15 min (PVP) |
N
‘; 20 - Dry ice milled 360min (PVP)
% @ Dry ice milled 120min (PVP)
= 60 & Dry ice milled 30min (PVP)
(7))}
o A Jet milled (PVP)
ko 40 -@- Physical mixture (PVP)
>
E 20 H = Zirconia milled (Phenytoin only)
3 < Original bulk

Time (min)

Paddle 75 rpm

34 mg Phenytoin
0.2 um filtration

pH6.8, 50mM PBS, 900 mL




Beads factor IEZeLri=tril oté#ﬁrﬁr

s

O

©o0

0 710~1700 um

N

Beads size
D10 (um)
D50 (pm) 1141 469 297
D90 (um) 1570 542 332
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Beads factor Eelit:=taePRE ivi=islRs 2

14 1 P
0.5hr =
12 & 1hr
g 10 - - 2hr
= —-4hr
Q 87 --- Phebulk
) \
3 6 \
o \
L 41 \
‘\
2 1 \
‘\
0 -
100

Particle size (um)

Mill time D10 (um) D50 (um) D90 (um) Submicron%

Phe bulk 4.80 9.23 16.48 0
0.5 hr 1.05 3.22 7.25 10.68
0.89 2.50 6.06 15.88
2 hr 0.82 1.88 4.04 21.58

4 hr 0.66 1.39 2.77 35.73




Beads factor E:i i iR =S Ty

141 Large

12 —=—Middle
S —
S 10 Small
o \ --- Phebulk
O 81 ‘
C | 3 R
> \ - R
2 o .‘ D
T \ Middle |F TG
2 1 \
\
\
0 - \

100
Particle size (um)

Beads size D10 (um) D50 (um) D90 (um) Submicron%
Phe bulk 4.80 9.23 16.48 0
Large 0.84 2.09 4.74 19.04

Middle 0.82 1.88 4.04 21.58
Small 0.73 1.76 4.13 27.06




BASNA= (20 E

DILAZ ) L(Zr) DERREICP-MSIE
(FHE; |:||:|77;(‘7',£E)J\*ﬁ')

)

FaR
BREZr(UI)IaZO L) E

ZrOz*ﬁ'ﬁ'-' COZ*ﬁ'ﬁ#
0.32 ppm < LOD*
*LOD: limit of detection

GIRUEED! [BI7E])
S R0.1 glFREEZ AN FRHBEER 0.02 ppm
-80°CINEMEELE Z i T L 0 % &A% ‘MS;AIE (MW 91.22)

BB THRRL—FEBELE s
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