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2 % o] 79 FAH2 84 4= dFEe|= {3 9 FEES MAAK LA IEFEOIE FAE

fgste] Ald AlFED 58 F2 58 £35S 7 A ABS Mshs Aol 243 AdFEmtol=8 &
SUHE ol&sto] AP AFFEmo|=R2 A23 £2I, Kollidon VAGLE F715H0] LA RAAIE A2 2
gl 249 oFext vlust] 4249 g 9 2 542 vwstoint. 2F A IAZAAE ol8ste] 229 A
A5 A8 st vdd F7HAE vleER FT15te] AAE ARSI #EerdE % MEAAERAE
T84 2 #E84 FHUAR Agson, AraxdE 9 GRAVMR A S SOIAIE ARGkl el A
H2 HAE Ao HF AGE A 2492 IEFETOI= 80 mg ST AZFE|E AR, 7
dstE,  UAEAAERRS,  JARAVMRAUEER, dRAFEE, oide AHoolES] AR
200/100/100/20/10/4 (w/w/w/w/w/w)Z AZH At HF AFd 1T AL Feuto|= YA S AHF (28t
¢ QPRSI ¥ W FEAES APt AHE 2AEL pH 1.0, 4.0, 6.8 §Ao]A A1 AW7ETL GARY
4& S8 YR wetd oA Azd nEe] AZFETo|E o FA AP AR AFEG A2 YA
7|2 B8 B oFE 58 &84S A & e AR ARFHU. o] A7 AHE Ao 2HE2 7t
Ao gL aste] AFH HAH g AFFEvto|= A RA et dEFEO|=] S FALS HE
Hzo] diagte ddfed] Al AEes A7 Ad0l 2 AoE AEE I

Abstract This study was undertaken to develop a high-content loaded enzalutamide tablet formulation
to improve medication compliance for commercial enzalutamide products. Kollidon VA64 was added to
enzalutamide, which was prepared as a solid dispersion by solvent evaporation. Crystalline, amorphous
enzalutamide, as well as the selected enzalutamide solid dispersion, were characterized by scanning
electron microscopy and in vitro solubility tests. Lactose and microcrystalline cellulose were chosen as
water-soluble and insoluble diluents, respectively. Croscarmellose sodium and crospovidone were
selected as disintegrants, and magnesium stearate was added as a lubricant. The final selected tablet
formulation, comprising enzalutamide solid dispersion (as enzalutamide 80 mg), lactose, microcrystalline
cellulose, croscarmellose sodium, crospovidone, and magnesium stearate at a weight ratio of
200/100/100/20/10/4 (w/w/w/w/w/w), exhibited a dissolution rate similar to the commercial product.
The final selected enzalutamide tablets were evaluated and compared to a commercial 40 mg
enzalutamide product (Xtandi® soft capsule). The selected tablet formulation showed a similar
dissolution rate to Xtandi® soft capsule in solutions with pH 1.0, 4.0, and 6.8 at the final dissolution time
point. Thus, we determined that the selected enzalutamide tablet formulation potentially reduces the size
of the enzalutamide product and improves patient medication compliance. This research indicates that
based on the influence of excipients, the selected optimal enzalutamide tablet is suitable as an oral solid
dosage form that could be a suitable candidate for a high-content loaded enzalutamide formulation,
enhancing the dissolution rate of enzalutamide and preventing recrystallization.
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[1-3]. Algt SjekEo 2= qiFFEN]O|= 40 mgo] Labrasol
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13] % 4% E-g3jof sh= AAe® (ofadata)t &
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B2 A4 (Biopharmaceutics Classification System,
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A< (Astellas, Tokyo, Japan)2 HFA|2F (Seoul,
South Korea)ollA Algqtol A8t o Lo &
FL5SE, nZ2AAER A AF AER] ZEEF0]
E J2ARHE JEAJFHZOA AR ullyE A
glolgo|E, F&0]E4 ol4itst4, Kollidon VAGLE
HHAF (Seoul, South Korea)ollA 3F5I3ket. ofgk
=, ‘MHEHEY 9 2ARMHES H7838la(Siheung,
South Korea)ollAl afiste] Ap8stiom 7|gk Alek
9 ST 25 AR AoFRES ARSIl

HPLC £4 #8]= Agilent 1260 Infinity HPLC
system (Agilent Technologies, Santa Clara, CA,
USA)E A=5}901, Chemstation software, G1311C
1260 Quat Pump, G1314 1260 VWD A&71E A&
stAtt 8EAIY7lE ="HAEAL (Seoul, South
Korea)®] 2@ RC-8DSE Ah&sto], thafst 859 =
oA 37 + 0.5°CellA tigteRd 8241 A2 (W&
H)oZ JFsiet. AAEAA ARE 3t ERAx
7]%= YamatoAte] Model - ADL311 Spray dryer
(Tokyo, Japan)Z& AM&SIA oM, HA] AXE gt &
71 KTP-12N wepd7] (Z2jobt, Daegu,
South Korea)& Ar&-53iTt.

2.2 INEAA HZE

daFetuto|=o] Lo AL sl ofzff Table 1
9] xAo] HEE ekZ3l 1EAQ] Kollidon VAGLE
A7 T FEo|= o iSNtAE FEAIZ] HES A
2ottt A3t NS YamatoAte] EFEAXT]
ARgsto] SuiEHHo g HEAZR AIFTE ERAX 2
2 ZdF 2% 90°C, HiET 2% 60 ~ 63°C, 571
F2 0.42 m*/min ¥ E5F 37] &2 0.15 MPa°]
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Table 1. Composition of enzalutamide solid dispersion
by solvent evaporation method.

Formulation (mg/T) Al" SD
Enzalutamide 80 80
Kollidon VA64 0 80
Silicon dioxide 0 40

Water (ml) 0.8) 0.8
Acetone (ml) 1.6) (1.6)

* Amorphous enzalutamide
** Enzalutamid solid diseprsion
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2.3 8ol AI™(Solubility test)

dgFetutol= AAY AR, SuiFTTHOR AxT
OFE Eh 9l T ARAIA O] tisto] EFEhlol = St
ZF 10 mgZ 0.1N HCI (pH 1.0)8% 1 ml7F E0=
e-tubed] 2 ¥ THAE 37°CY] M F22 (H

SHHE A, LSB-045S, South Korea)olA 10947 B3
ShE A ¢A]§ EeA YR FojFEa ESMAZ
o] MES 12,500 gollA 102 &<+ Y4E (1730R,
Gyrozen, Gimpo, South Korea)et & AZHS 0.45
pm FAE HElE B9 oI T Polxl GG 4]
9] HPLC AlA9S olsto] BAHC
HPLC £4-8 A™L2 VDSpher 100 C18 M-E (VDS
optilab, Berlin, Germany), 4.6 mm x 150 mm, 5
um particle sizeZ A3t} AR5HG} o] FARS of
AEYEZT 20 mM 2ARIEEFO] 55 1 459] Foju|
EFE §UL OMEAORpH} 46 ©] HES 2T
RS /\]'9-5} ot 452 1.3 ml/min, AE2EE 4
52 235 nm, AEHL 10 ulE A5kt

= T

[10].

2.4 UXRAY LU 7|

AzE AL et =g 2 #H E44S AA
WA FAF A4 @ (FE-SEM, Tescan-MIRA3;
Kohoutovice, Czech)& o]-8sto] 413t Fahd
o EZ Eolx WFOo R 487t It Mkt
F¥L2 EMI Teck Ion Sputter (K575X)E AR&-sto] 7
x 107 mbar = O& 25 mA AHF 9 100 % HE &

)

2.5 2T XM 3|HH

AzxE TAEAAC] gt BAFEEE  Rigaku
X-Ray Diffractometer (D/MAX-2500 PC, Rlgaku
Corporation; Tokyo, Japan)2 AR5t H71sl Tt
£47]7]+= miniflex goniometer?} Cu Kay T4 ¥
AR ATt 2|0} Qlglom AF2olA] 40 mAS} 40
kV 24, 2° < 20 < 60°°14 29 0.02°9] S7F =
2 Z7gsiitH10]

|&t2
=2T

2.6 AHZEIDNOIE HE|Q HX

geplol= DAL A% 5144 o B
o Qe 1] gistel FHYe] ARetwtol=
AAPE Table 2 2 Table 391 Lkt oo} 2ol 4
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Table 2. Composition of tablet formulation prepared
with various disintegrating agent.

Formulation (mg/T)  T1 T2 T3 T4 T5
Enzalutamide| 80 80 80 80 80
Kollidon
D VAGA 80 80 80 80 80
Slicon 149 40 40 40 4o
dioxide
Lactose hydrate 100 100 100 100 100
Microcrystalline | 150 159 100 100 100
cellulose
Croscar‘mellose B ~ 20 30 20
sodium
Sodium Starch 20 ~ _ ~ _
Glycolate
Crospovidone = 20 = - 10
Magnesium stearate 4 4 4 4 4
Total 424 434 424 434 434
Hardness 5~6 5~6 5~6 5~6 5~6
& KP KP KP KP KP

Table 3. Composition of tablet formulation prepared
with various diluting agent

Formulation (mg/T) | T5 T6 T7 T8 T9
Enzalutamide| 80 80 80 80 80
Kollidon
D VAGA 80 80 80 80 80
Slicon | s 40 40 4o 40
dioxide
D-Mannitol - 100 200 - -
Lactose hydrate 100 - - 200 -
Microcrystalline 100 100 100 100 100
cellulose
Croscarmellose
. 20 20 20 20 20
sodium
Crospovidone 10 10 10 10 10
Magnesium stearate 4 4 4 4 4
Total 434 434 434 434 434
Hardness 5~6 5~6 5~6 5~6 5~6
KP KP KP KP KP
ut1vlE AHCHICIES AYE BE &S 750 u
m? Ae 2715 7H AR At & 5E7 £9kst
art. EFE] vi1vlg Ao o|EE Yo] EHste

Poldl H% THEL 9 mm U BAE A483}o] A=
7 5~6 kp7t SI=S B97] (KTP-12N, Zelobdd],
3ol A1 SSstock

=
s =4

Daugu, South Korea)&
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Fig. 1. Scanning electron microscope images:
Enzalutamide (x500); Al and SD1
(x10,000)
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Table 19| X/gu]o| wjet guljisdyos A2jgt <l
AFeto|E £ (A1) 9@ IAEAH (SDD)E AlxgH
% BEAYZEE AYsth Al B2 ERARIE o]
Boto] guisdoR EFEMlo|EE AFh AolH,
SD1RAEL dEFelole, 84 18R} Kollidion
VAGL W Z5o|EA olAEtAZE 1 1 11 0.5 (w/w)
H|go| HEE A=3t AEFEuto] =] 1A EAA otk

FARAA AN S B9l AEFEo|lE 2AY WUE,
Al 22 2 IHEAA SD1S SRIst A3, AT et
ol A& YA=Z717E 100 pm WA TR 2
A FEHE Ad 9859 A& 1T 5= St ST
He 55 AR BT Al oF TAELA SD1L 79
o] FHE Ad YAE 5 pm o9 22 AAE Az
H AL gRIT & AUHEig. 1.

Al Y=ol diste] EUXA 3d e o]-gsto] &
A3t A3HFig. 2) AFFEolE YR H9 2H
Hoj3E 977t gRIEo] 2AFE AYE AS
5 UAYA, AxH Al B 2 §1 A EA
Ao 37h AR HolA] gk A ERI% 4= 9l
AhFig. 2). AEFEolE 24Y d=, 738 &2
(AD) E IAEALA (SD1)ofl thste] AF #Ho] 7]&3tt
o] wet pH 1.0914 Q@Fepato|=9] ol8se
W3} S ERIoHATh AY A} dEFElolze 2
&= (2.36 £ 0.03 pg/mL)el HIsH F+4F A=
Elufol= Bk (A1)E= 2.51 + 0.16 pg/mLZ &3
o] Hst A9 Qi uhd, Kollidon VAGL E 22
ol=y olishHitAE ISt SDI12 4.99 + 0.09 u
g/mL& oF 28 oli}o] &oix ASHAINE HoFTt
(Fig. 3). 243 dge} F4Y dgFEmio|=o] x5t
|9 ghol FARE 22 S el = ofFo] LM}
HlolA X&HoR Ano] AEAYE Aot =
Eol=7 WolAl= o] 1 o]/f ACE ARESIIC
o, TABAA Q] A9 A|Zo| AL Kollidon VAG4
9 Z=2o|uqy olistart 4489 - JAIst
o] 243 ¥7 9 7Y 930 vjgte] feldoz =
2 ZFEAE gHE FAT = AW A= ALREG]
tH11,12]. ol=g ATE Higoe R QEFeulo|=9]
|=E FAZ SD1 RHES ol8sto] dFEHt
o|lE HAE Azxstal 7 AHS XFsIGAch
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Fig. 2. Powder X-ray diffraction patterns:
(A) Enzalutamide, (B) A1, (C) SDI.

Enzalutamide concentration (ug/ml)

Enzalutamide Al SD1

Fig. 3. Saturated solubility of enzalutamide,
Al and SD1 in pH 1.0 solution (n = 3).
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3.2 AHREMO0|E ZHIQ M=

AzE AdEFehtols AR S1o 544 2
BojAlg @rietol dEwetulol= S Az,
SYARE BE, fF 2L ujdY SRoAZ B
AR J2AFPAZOA A 9 32 ATH|ES AR
ao] mhiuig AHokolER FEs & 5 ey
olg3to] AAZ AxsHATt

o= g A\ SEPyel Hhat B
Aol S LorEr] fsf Ssfe] 3t BAIL
i AEHA] 2R EECIE, A2AREE Y J2ATE
Pz AFZ ARSI, 784 3 584 34
AR g H uZPAEZOAE 111 (w/w) HIER
F7teto] vt & BY71E ol8sto T1, T2 T3, T4

Gt

E
=

71E
=

9 T5 BAE AZ3HAHTable 2).
A zot AR @ AAE]® ARNES isterd 8%
A AEIEH)E ol8sto] 3d4%E 50 rpm %
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37 £ 0.5C 2x2 4449 8&71€ A5t pH 1.0
€4 900 mLoA EEAIAS HASIH. AY 23,
A T1, T2 T3, T4 L T5 BA 5 T5. T4, T3, T2
4 T1IRA «C& T1¥ T2 ZA7t 8&8°] 7P ¥t
o ol &% 28] FEETCIE 9 AR ANHES
AR A A Z‘jo}xl U Bz lsto]
TA A o) AREE A Kollidon VAG49] A}
o5k WEYA FPJoz A9 By} RPE|R] o}
85 57} B4 208 ARHQIHYl. A22vt2Y
2O AF TE9 A9 20 mg oA 30 mgoE ARE
Fo| F/ke A% §ELws} 27 wehlon), A=A
ol e B3 ARG T5 FAVE AL 958 854
=2 ehfginh. ot 22 ulad] E41s 542 7
A AEAmNER B2 FHote] T2 oAl ul
YAgo] &L JRAVIEHZ QA AF9 ASZR0] 9]

3t A 9] WiE IR QT 8t 85 0 8EE
S 7= Aog AREHAHFig. 4)[12]. A 4
FS RISt Ayt 8EE0| 7P 955 TS HA| A

=] XN
=
3o
=

e Aoz slAAY SRE geiste] 371 49
Aot

—e— T1
1T —0— T2
]l —>— T3
—r— T4
1 —m— 715

Enzalutamide released (%)

30 60

Time (min)

90 120

Fig. 4. Effect of disintegrating agent on the release
profiles of enzalutamide-loaded solid dispersion
in pH 1.0 solution. Each value represents the
mean = S.D. (n = 3).

AL A G SIS B Loh] S
AR 584 SAAIY TS 9 fustET 2
4 219l o127y BE9AE ABHIROm, 5
AE ALl HAL T5 A AU FA HAS
Ag3to] TR T E71E olg3tel T6, T7, T8 U

U

T9 AAE AZAHo 2 A Z5FAYTHTable 3).
AzE AL pH 1.0 84 900 mLolA 5L %
How 83A8S ANSt A% 23 B s
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THEAAE o8 dFFEuol= vt FA Y AL

£ AMESET7, T8 9 T9 BAl 5 T8, T7 % T9 AA
£O2 T9 FAZE 7P EEC] WdkeH, ol #E&
g BAAR] vAA AEZ QA0 ofsf FoAIT £
5] ol A9 SETT At ddTE
npol=9] §Eo] =X Aor ARHIH. +84 9§
HAE DL ARgst] A A2 4% BA 2
T AE s % §E Sk ALE 25 W3]
ol& WAz 3l A4 slAIet =84 SHAIE
1:1 (w/w) Bl &= E3tsto] ARSRE Al T5 % T6 4
Aol Het 8EE2 IAslrh. dAZEH T59F T6 4
Als fARE 8EE2 Uetigled SHAIE dds A
% AF HHES 19 F e AR FA0] 8=
Eo| ¢ o] higol FA Aol ARgD SAAlE
FE= At 1T FA AxE A HF A=

T5 AA A2 AsHAHFig. 5).

100 -

—e— T5
\'? 90 1 —o— T6
K
~ g0 { —¥— T7
%o o
g —a— T9
< 60+
=1
§ 50 A
£ 40 |
=
E 30 A
g 20
=
=10 4

0 : : : :
0 30 60 90 120

Time (min)

Fig. 5. Effect of diluting agent on the release profiles
of enzalutamide-loaded solid dispersion in pH
1.0 solution. Each value represents the mean
+ S.D. (n = 3).

3.3 H|ZEZEA|8(Dissolution test)

2F A Aoz AxE TS5 HA & dagg o
A ol s pH 1.0, 4.0, 6.8 €% 900 mLoIAH &
A3t w o2 GEAE & vwsktt pH 1.0 &0
A 82X A3, das A4 & T5 A= 120
2 && MRS RARRE 8EES HoFAHFig. 6).

pH 4.0 € 6.8 &foflA= dAstt Jd a2 =
7] £20] 1gPH F AFFepto| =] HAA3}o] o]
37] 8&E0| gAske TS HYou, ol & T5
AAe dag A4 fHeo vo) 7] §EE2 thh
A9 AAHSE dAEe] &7 8EE°] B2 A
1T 4= AAHFig. 7, 8).
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Enzalutamide released (%)

| —e— T5 (Enzal 80 mg)
71 —O— Xtandi Soft Capsule (Enzal 40 mg)

Fig. 6.

100 7
90 -
80 1
70 A
60 -
50 1
40
30 A
20 A

Enzalutamide released (%)

Fig. 7.

100 ~
90
80 1
70 4
60 1
50 1
40 -
30 4
20

Enzalutamide released (%)

0&

30 60 90 120
Time (min)
Release profiles of enzalutamide from the

Xtandi soft capsule, T5 in pH 1.0 solution.
Each value represents the mean + S.D. (n=3).

—— T5
—O— Xtandi soft capsule

0 30 60 920 120

Time (min)

Release profiles of enzalutamide from the
Xtandi soft capsule, T5 in pH 4.0 solution.
Each value represents the mean * S.D. (n=3)

—— T5
—O— Xtandi soft capsule

Fig. 8.

30 60 90 120

Time (min)

Release profiles of enzalutamide from the
Xtandi soft capsule, T5 in pH 6.8 solution.
Each value represents the mean + S.D. (n=3).
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7t Jdagt A7 &) FDA €& Zﬂd
CTABo] &35 0. 1N HCloA 85 AE-E 21519
9 TS5 A= 8&E0] AA3] 7ok %7l°ﬂ—t—
93% EEEZ O“AEM A P& FARE 85 AT
£ 28t 4= QtkFig. 9). E3H TS FA AL Az
Elulo]=9] 3RS Z7IAALE EFsly 15
53 Fota 5RE gA 718 AR =N It
9] oS R Zgo] F Aozt A= ArFig.
10)[14,151.

A rqu <

i

(=3
S

Enzalutamide released (%)
W
[=)

10 4 —0— T5 (Enzal 80 mg)
—O— Xtandi Soft Capsule (Enzal 40 mg)

0 30 60 90 120
Time (min)

Fig. 9. Release profiles of enzalutamide from the
Xtandi soft capsule, T5 in 1% CTAB in pH 1.0
solution. Each value represents the mean *
S.D. (n=3)

Fig. 10. Image for size comparison of Xtandi soft
capsules and T5 tablets.

2 7o) SR AR AT AEE o]

= Ael 1‘41 3t Byl S 8= ,q%q_% =3 2ol

1y AAE wE=E Aol Réxﬂ Zﬂ—l—‘é‘ é‘H slAA=
A AL BAAIR R 584 SAAIRI u1EA
AERQAE 11 (w/w) HIE, BIAZA 22271
H2 oA AFY J2ARHES 2 1 1 (w/w) HIEE 3}
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of GEA|Ql nt1v|E AHot ol BVl E3tE Ay
ot 2 A HA Ak AFFElto l
AELA, fF, vBHRAEZA, JZAFHAZ O

&, AR2AZHE 9 vlvg Ao EQ] A7}
200/100/100/20/10/4(w/w/w/w/w/w)Ql BA ZA4
EolH, Azd FAE dEFEo|E AlHER] AAg
Y a4 & A HIEEAES APt Az
H dEFeolE HAl= HE BEER AAg] A
2 fedt 27] §& £57 H%5H, dEFEolE
9] A4t A= £7] 8&EC] =2 A& 9
g 4 Gk 2 dAFolAe ‘ﬂé}TE}UME &= A
S 93t FH BPAE AASIUL olF B9
Aol AAl= iAdE 55 U A24st
Al ZA7E 71 AAeleth E3h dAvt] A e
tju] dgFEulo| =& 281 & FR{StaL lo] ERte] &
UL E MAT 4 glouE dAsy A4 A&
QAAZE E = 0 Aol 71 4= itk
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