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8 QATABA ol AP 715 G2 ABAR Feid AUBAEGVEE BCS class VS EHS
20 B8 oFEOlTh WA IR Sisiel, B ATelME $84 TEASH U8 OB AUMEGRgoR
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ofb B4 WakE W/lsAL, FYHOE Jo]l FFUAEA sk skl DSCSE XRDE AWt
o F AL AE UARJEA AP Aste] AFAA(HI NN WE HAL AY34Hon HPLCE F5
of 3T, ARHOR 584 WRAT o §F FHAE AT WA FEA ANBAEG NG W&
o &35 e AT = ek

Abstract: Cinacalcet hydrochloride, known as a treatment for a secondary hyperparathyroidism in a chronic renal failure,
is a poorly soluble drug with the properties of BCS class IV. To improve poor solubility, in this study, after preparing
a wet granule of soluble polymer and poorly soluble drug cinacalcet hydrochloride, tablets were designed by mixing addi-
tives by proportion. Chemical changes occurring in the wet granulation process were evaluated using FTIR, and DSC and
XRD were performed to confirm that the granules were formed as designed. After this, the release was tested through
HPLC in an artificial gastric acid (pH1.2) to confirm that the tablet was properly designed. As a result, it was confirmed
that the formation of the wet granules using a soluble polymer was effective for the release of cinacalcet hydrochloride,
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a poorly soluble drug.
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7t oE7] Wzl ARl 7fdo] sttt o]k
W87 oFEE0] A ol ES =ol7] Sg WS ol 7t
A7F et # A e FAAEEE Adeith. F2
g2 ds8o)EFH 784 A 2 oy HyHE =
g & Al S o]get =S AFseke Tl
FAHHE Axoe 784 A T SRRl ZFjdEdE
2] (polyethylene glycol, PEG) A€ 2] PEG 60002 A3}
A2 Z2H]d 1] 2] = (polyvinylpyrrolidone, PVP) K30, A
- (starch) 22|22 Z=A1H 407(poloxamer 407y AHE-3151
ok 7} iz E2 A5l oRE] AVEAERLNAT 919
878 A HES tEA sl Est & Ags Jot
ste] FAIHS Wit

AR o kEH Axd FAHAHEY] shehe] WstE #Es
71 $18l 2] A E337](Fourier transform infrared, FTIR)S
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Figure 1. Chemical structure of cinacalcet hydrochloride.

ARESIALL, S ES] =elsehy 5448 dEstala) Al
ZEAHE A (differential scanning calorimeter, DSC)2} XA1-
3)217](X-ray diffractometry, XRD) -4 Fat] 24 ©
stE ALk 3k A5 ookt AlxE FAAHES] ¥
B eta Wsts #zetr] s FARAAF # )73 (scanning
electron microscope, SEM)2- AF8-319132, Y5 okEs} &2
I ZAe] WEAT 2 8EES vlash] 98 3 o
A 2 2 v} E 28] 3] (high-performance liquid chromatography,
HPLC)E AH&-315iTh

Al =1

Al d M2, 2 AP olM = AlEA EA A (Tokyo
Chemical Industy, ¥+%), F#¢] AL 213 FFA =14
A ZZ Q 2~(microcrystalline cellulose, MCC, 3}k, 3t
)9} - (Junsei Chem Co. Ltd, YH)S A3t} 53
A= AEFEFLRFEF (sodium starch glycolate, SSG, 3+
oFE, TS ARESIN AL, ERES frEAEE EolV] 9%
ez 2 2dHol24t vy F(magnesium stearate, Mg. st,
Junsei Chem Co. Ltd, ¥&2)S A3t F2 A= A=
Al ARE-E 2121 PEG 600(Junsei Chem Co. Ltd)2} PVP
K30(SHOWA) 22] 3 Z1+(Junsei Chem Co. Ltdy> ¥+
A, Z2APY 407(BASF)S SdollA sttt 2 £]9] =
€ slEekE 718l HPLC 552 ARkt
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Table 1. Formation of the Cinacalcet HCI Wet Granulation Tablets

&0 wel A5 FE AUZAEG A 84 EA}
PEG 6000, PVP K30, ZEAMH 407, HE, F-3A1 #14
AEZ 0~ 9 FFS Fdsh &gt} o] E3HE 53
ARl AR FAIEFS 7] oAl A E3tst
T, ARl B8 ol FA3-S KaEsitt. ©] F 600 um
WS o838l FHES 48 QLENA ARA AT o2
dojzl FeHE #Ae YA 7EIAl 371 fIste] 250 pm
wsell AsiAet. o] AFEol] SeA| 2 2E|olEsml 1y
F< Artste] 38l o] EES BT AR5l
EPFEISith AlxE BE SHES2 ARES7] A7EA] A
AlolEl ¢toll A&

ALIZMEQ L SANEIEo| T8 B4, A
EA2HA, PEG 6000, PVP K30, Z2AFH 407, A& 22|32
FAZE FHEES BATRE B N2 318t 4
to] WA A=A Belalr] 9lall FTIR(GX, Perkin Elmer,
Waltham, Massachusetts, USA)S ©|-83)] 24313t} ATRYH
o7 243190, =32 4000~450 cm'2] H oA o] F
oJ -t}

ALZMEQ L] SANEIE0| EY BN, AV EH
2k, PEG 6000, PVP K30, =541 407 ¥ A& 18]
7+ Axd HAPEES] EHlols 437 $18t DSC(TA
instrument DSC 3100, Dupont, USA)YS AR T} 2+ &2
9] 5~10 mg2 FHsl] MES AZEAUIL, 20 °C/mine] S
EL 2 0~200 7R 255 AeATH 243519

ALZMEY L SAlnE S| BMstE BY. F234
o] Ao R o|FoH=A] ERIsl] fl3te], PXRD(MAX
2500 X-ray diffractometer, ¥ ¥)2 A4S 435}
03 mme| FEst f2] 7o A Fe) AEE FH| AF
AlA HjgFo] HMASEA] REE S 2H 30 mA, 40kVel =
o= 431

ALIZMEQ L SANEIE0| HENSAE 24, Az
EA2HA, PEG 6000, PVP K30, Z2AFH 407, A& 223

N

e

(unit: mg)

Ingredients Batch 1 Batch 2 Batch 3

Batch 4

Batch 5 Batch 6 Batch 7 Batch 8

Cinacalcet HCI
PEG 6000 2 6
PVP K30 2
Poloxamer
Starch
MCC
Lactose
SSG
Mg. st

25

80
50
40

Total 200 204 200

204 200 204 200 204
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7k AlzE HEE APIE 9 1S B QlsiA T
AR (Bio LV-SEM, S-3000N, Hitachi Co, &) A}
gate] BAIeth AlUZA EGA, 182}, 283 524
I S AR wiA] 1-89] A8l FolSle TS Al
al7] 98l LEA AZAIZ F FAg Y= 7l s
8te] 250 pm Holl A Akt vher Fejo] WES
Eeat= | ] s K v P b IEVARS) S=Ba g Satire) S PG L A= sl 5
SHZ 1802 57t AAlsIiTh IR E AlE= 20.0 kvolr
ST
HPLC =U. AVAHEANE S ARe|ofFo s g &2
I AA S FEHEAES F457] 918 HPLC 2417171
= NS-4000 HPLC A]2=¥](Futecs, 31)3 NX-6000 Q- EA
Z 1 (Futecs, )& ARE-ste] EA418tAth Z4H-2 Intersil®
0OSD-3 C18(4.6x150 mm, 5 um, GL Science IncyS A5
o, §42 1.0 mL/min, A|ZEFYHFS 100 L= A7g 3}
A5 UV 3782 273 nmel|A] 49319101, o] 542
oM EYEZ(C,HN)Z 0.015 mM ¢14to] =425 (KH,PO,)
HZN (pH2.5)2 40:60(v/vYo)e] Y& &3 sl ARSIt
AzH o5/ wRE & ARES7| Aol 237 VIR '
78k ARE-3HATE.
AMUZMEG L MEo| M| 2 B&5/S. Alxd 4A
o] EEAIFS tigkerd SEAIE A2l HEHE AA
o 19 (pH1.2) .2 thgtepd A1 w
2} Az on, %7]= DST-610(Lab House, 3=H)E Al
B33, S= 501pm, §F ] L= 37.0£0.5°C2 A
AakAth g5 92 900 mLE Ao AFA7E
2 5,10, 15, 30, 45, 60, 90, 120%-0] A= W&t} 2+
AZHEE AlEE 1mlY FHg & 825920 pHI.2 1391
S 1mlA FAG FH3 AEE 045 ume] PTFE ZH
2 o33 & HPLCE o|&3le] =43t}

2y o

m

=2
—

B TN EMEM. YsoJoRE AVZAES
AHAst Al ARE 84 AR PEG 6000, PVP
K30, E25AM 407, dEo] vl EHEZ & EFEHAEA 1
3l7] 98te] FTIRS AA| 8t thFigure 2). AIVZAA EAALE
Aol F4 AL 27499 2710 em’ol A C-H stretching,
1326 cm el 4] C=C stretching® & 2l €th” PEG 6000
2830 cm'ol|A4] C-H bending, 1146 cm™o|4] C-O stretching®-
2 g5, PVP K302 1650 cmollM 7kRd 25 9=
7F YeRd & gttt 221 407¢] I3+ PEG
60002] I A9} FAFSH A WA= oA 2EA
4070] Zo@dFYE-Zy =z ddF - g3y
ZE 7AE 3 EF FFFA 7] W& AR Alsdr;
Aol 7-9+= 3300 em! 24 9] W2 WH=7F YR =T o]

Zay, Al4548 A15, 20213

O-H
(a) ¥
Cinacalcet HCI
e e P ]
=
X PEG 6000
-’
° N vavr_
2 |pvekao
< W_._.—...\_
£
s Poloxamer 407
2 V4
E Starch
o S Veamn
| L 1 I

Ll I
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm‘l)

~
o
S

Batch 1

Batch 2

Batch 3

Batch 4

M
—M\\/\'\‘
—v-'\/-—\—~
— T

Batch 5

M

Batch 7
M

1 T Ll L)

1
4000 3500 3000 2500 2000 1500

Wavenumber (cm'l)

Transmittance (%)

T
1000

Figure 2. FTIR spectra of (a) cinacalcet HCI, PEG 6000, PVP K30,
Poloxamer 407, and starch; (b) Batch 1~8.

A O-H 154 A& YeR L §57438 YeRrdth(Figure
2(a)). WIXIES] FAE RIS A AFEHEGAG S a7
AplA = JERA] ¢ O-H 291 3400 cm™ 232] B
ME7E ZeA Jehhs 21 Hol F4adge] 2h85hs &
T AATE ol FAHHOZ Q&) AV EAAA Y 2t
zro] yEzLe] BA7F O-H, N-H, F-H 2243 ujitol] 735k
o] 2R3l o] 2 o]FARS IRIT 4= AUrh(Figure
2(b)).19’20

S| U™ EMEM, Figure 3(a)ll] A EG A
-2 184 °CollA AR §4E =7 FEEAL, PEG 6000
2 70°CelM §E T=7F =T PVP K302 50~150 °C
AN W §4E dart BEAEAE o)A SH A A
FS 52 252 A% gdAde g dojuhe o= Hdt
Hoh 224 4078 PEG 60002] &< v)=9} AL siEl
< Hol=t o= PEGY 3 £5F F5dA0l7] Wil Ao
2 vt AR §49 13 g PVP K303 H|s:$t o
8-S welt),

7} # 2]l A 50~150 °CollA] W2 FE 937} ERta,
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Figure 3. DSC thermograms of (a) cinacalcet HCI, PEG 6000, PVP
K30, Poloxamer 407, and starch; (b) Batch 1~8.

J
=2

H

152°C F-2oX 717 & FE 937 B Ak (Figure
3(b)). oIAL k= aEARe] &3, AgHe] H7Y, Ayt
S Fal daargo] dojuf AR o] Ao 1]A9)
A717F kil Aeg et

DEEo| ZAEE EMEN. AT oRE0 AULAEL
e YR RES AAHEGAIE ] 847 8A0] PEG
6000, PVP K30, Z=A1H 407, A& 28|32 ZF viste] wet
AzE FAAH 24 48S Felsh] flske] XRD
£ SA3I3h. Figure 4(a)dllA] AIZAIEGAIES 220004
31 ¥ A7t vepga, 2 dhell= A3 22 444 937t
ZAE I PEG 60002 19°9} 23%00|A] 733t o] =7t s
ATt

ZEA1 4072 PEG 60000] 318518} fAlSE s S B
ol=tl o|:= PEGS] 3 £5 FaAl0l7] Wil A= 3
ETh PVP K309 A2 2l s|du Ayt Bk
= AL g 5= ATk Figure 4(b)e] 521 E] A3,
AR oJekE ik Y HAE= AR, A2
glo] ZaEe] Yeh 7839 548 HoEr olE T3l

=
=
bt AEAE &5, AT H7h AHs A Tl
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Figure 4. X-ray diffraction spectra of (a) cinacalcet HCI, PEG 6000,
PVP K30, Poloxamer 407, and starch; (b) Batch 1~8.

S2go] dolitES & 4 UUTH E3 AIULAHES
3 aRARe] HAHY o] 2 dojute-S 7AE AHA
oz I = JYAE?

Dol HENSIY SMENM, AT oo A EY
2z} 284 78EA0] PEG 6000, PVP K30, Z2A 407,
i 2e)al 7k wix|e] FAHEe] YAVSE 2 3
ZHt A3 Figure 56 YERNATE AVFA EAAE S o
&t 2715 7HAL lom YRF 277 dAEHA] e Bt
HAQ1 RS 7= As & 7 3L, PEG 6000 E=7F
thekgh A2719] S A2 FElE waz ) whHe, PVP
K30= Thdet Z71E Holal glom AA3 o] ofd 739
JAFE eI QIion), o] 12X il EEA
407%= 100 um AE9] Z7|E 7k Bwo] 312 1d o] Y}
= YeplATh AEL 30 um FEQ] HlwE 2 YPA}p F7)
£ 7HAL BRI FEE YERSITE AlUEA EQ AN
o] 42t A71= 20 um ©1SFAAINE F2HH FHES AR wy
2elMe] A== B 100 um o3l AL Folgk 5= )
Atk ST QRS Bl oFEd H7HA| 7k Sol &
o]Fofxl A& AT F AT
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Figure 5. SEM images of (a) cinacalcet HCI; (b) PEG 6000; (c) PVP K30; (d) Poloxamer 407; (e) starch; (f)~(m) Batch 1~8. Scale bar is

100 pm.
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Figure 6. Release behavior of API (cinacalcet HCI) and Batch 1~8.
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