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BT DR PUTA Rk oy DB TETERASA T T XA Z 8V T 4 1T E KE
T, EERA ONFGRE Tl CTHETH S, WAIPA 2y DR EN
(2R L Tid, MIBAIOA R ~DEZN e B LRI A ER 2 Z T %
2T BRIZAID b DR A B DL TENEIZ KT TREIZ OV T H
FHFET B ERH D ), FlEERE L -2 Fu$s Tl

g

Tln—RpEOE L —AFERIZZDONT T TEATEE D%
72 RIEA & L TR FIH STV a0, Bla —AFERORFORA O
RN RIR DR EMICHBEZ KIETZERNMLN TS Y, o —25%
ERDOWIRMET KT LS LT WL e — 2N OISR KA
Hizh, n— AFEEOREREERET D 2 & THRIE L7 S OHERIA
FHRETH D Y, BIAIE, B w— RFEEOREBIEOTMI IR X BRET
(PXRD) ENHECTH D >0, FRANIIEIC L D, FEER R ORI E
DN B RD 5 FF1ELIESE OH 2 BH/KFEEHL U CHIE T 26 du kil X
PXRD V£ Thtidb M 2 7l LIC < WIS E 2B v v — ZAFFEROFHARIZ 6 L T
YA

FEMBEILDOZ N L —AFHEERO DO THLHKERE L Frf T ot
¥ m—= (L-HPC) I, Bl u—ZADEE#HEL o 7o Lo —
T IR T HASKF 7 L Y The United States Pharmacopeia and The National
Formulary U¢a# D EHEBIFIMATH 5, (LFHEER LD Chemical Abstracts
Service (CAS) v /3—3k Fr% 7t/ r—2A (HPC) L[A— (CAS
No0.9004-64-2) TH 523 HPC It Rufk o7 aR o VS EIN 53.4~77.5%
TARRT VT —)VITAEETH HDIZK L, L-HPC I$k FrF 7 oRF L
FEEREN 5.0~16.0%&E V7R TV a— VZIEREE 720 KSR LTIk
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LTS 252 A3 2, 2O K9 DS L-HPC IZFITAEERI & LT
AN H D0, PRI KD DERHER Th 0 ERMEEAMEIC HEA TV D T2
OfEfE LT —ZAD L ) IS v F— L U TOMEED R0 MY, BRI L
S TARIZKET D L-HPC OFpPEZFIH L72#st & LT, L-HPC Z#ed 2 &
HAOBMET LN EZRT DRERH D 2 b~ b Y w7 25 & LT
WTARBEBR OAFFEC, @WK REDS RS RUKIRINT & 2 1 2O&Ehz ks O G

REERGE L, FEBEICLY A7 V= ~DIERFEIR Db 2 L
U LSRRI Lifensd 2 29, 30 L H U iShitk OBk AR VAR
53 F B2 fit U BB PER~ D /K O Zp i M 2 i L €. — @& Wffi]# (2 L-HPC @
AR I K 0 B2 g3 2 REBR B B ~ s B AFZE ST g 1,

IL4E, L-HPC Z i & DK CERIERIT 25 Z & T, KICRLZERA SR
B EZEROMBE DY ORSEENEZ M ETED I EDRRINT, ZDORER,
WEE TRFHCE G TE R0 T8 2 1R ICEL S T&, Bl
W TR TOEELZFRES L7= ', Onuki HIX L-HPC &7 23 /L B U ER LW
F7 UM & RO K TR U, B AR L CLEME AR L <
Wa D, R ORYE TR AL R 29 2 s, Ak TERER
FHEMBEREL o TV DICE DL TREMENRM E L E@®EL TN D,
L-HPC DFFOWARMEN KA TEIEZ IR T S, FEMEIL o 8 oK E2MET L
ZENEEMRR EICFS L THWD EHRELTWD, LanLeins, ®HdFo
) & L-HPC OFEAERNZAE A LIRS ATy,

AT TITE 57+ & L-HPC DM EAEM 2T 5720, £7 V5 m& L
TR T DIRIRIED IR DMK 7 =4 > (CA), T A)LEVEE (AA)
BXO=aF 7 I K (NA) % L-HPC &=k L, 55 i-ia ki h
DB DOFESFREER LU & L-HPC DA EAERIZ SV THRE &21T- 712,
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(1) FR%E

WoKH 7 =4 (CA) 1T NEESRASH-TIRM A, 7A@
(AA) 1% BASF Japan fH#filliiin 2, ==2F 7 I F (NA) (Fro oy
RS IR 2 E N EIUEA L TEDOE EHEM L7,

REHE L Na %o 7L et m — 2 (L-HPC) X E 8t 8o LH-31
TRMZA L TZEOE EMAH LT,

HAITFEAISE T3R8 99.9%NMR HAZBA L TEOEEMAHL
7o & OA DT LT CR b 2 L7z,

EEX % Fig. 1 1R 7,
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Fig. 1 Chemical structures of (a) caffeine anhydrous (CA), (b) ascorbic
acid (AA), (c) nicotinamide (NA) and (d) Low substituted

hydroxypropylcellulose (L-HPC).
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Table 1 (278 L7ZALTGTITHE Y, W 2 A5 RUKIZE R L TIRA IR & LRk 2 Y
U7mo /NSRRI « A/ 2L ([ TR AR MM-10) % {#
MU T, L-HPC 40g & A& AL, FTEDFEMKER Z MR 720367 L
— RIEHEEL 1000 rpm 12T 3 [E#RA L7z, feW\ T, #Ew 4 HBI X 0.8 mm
OEFNGI U L, SR AR L7z, BIZ, ZOERYZ 60°C T3 FEH
FRE %, BB E 1.0 mm OFFZ AW TEBZITV., MaER 2308 L7

(Scheme 1),

WERIR GY) (PM)

Table 1 (Z/R L7ZALFIZHEVY, L-HPC 40g 5 X OFTERDOIED Z A B/
AHICEA L, 3 RAGT 22 L2k, MEMESY (PM) Zi#L
77

EEINEY) (SH)

CA ®PM (CIPM, C2PM ¥ L TR C3PM) ZHZFH1K) 0.2g % 2mL DH T X
T T AVEBE L, 180 °C T 15 LMIMEL L CEEMEW (SH) % 7Rl
L7,

K FEE R

Nara & D F{EZ —EEE L= FOFIEIC T, EAEZEEBSG R 2508 L
77,: 18)

SmL O H T ARGRTREN 02g # D 7o —% (HBERLY VHET., B
Z2RAE) 12 2 HMARAFE L TR S E721% . £ 10mL OFEAKDA-T2T 47—
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ZHPTRIET 1 HFET 2, TOREBDOASTH T AFHEZHOT 7 —
2 (L) AAFE T, BEZ22RMR) (2 2 HHMRGF L TR S E, FKEER
k& Lz,



Table 1. Formulation of kneaded granules

Weight (g) b

. Sample code

L-HPC Drug pyrified water

5 150 C1W30
50 CI1W10
Caffeine anhydrous

40 10 100 CI1W20

(CA)
150 C2W30
15 150 C3W30
80 A2WO08
Ascorbic acid 10 80 A2W16

40
(AA) 120 A2W24
20 120 A4W24
40 N1IWO08
5 80 N1W16
Nicotinamide

40 120 N1wW24

(NA)
10 120 N2wW24
15 120 N3W24

*Kneading liquid

bSample code representing the weight ratio of drug and purified water.

Example; C1W30 means caffeine anhydrous:water = 5:150 = 1:30.



L-HPC + Drug solution

@

Kneading
by MM-10
(1000 rpm for 3 min)

U

Extrusion
(0.80 mm mesh)

U

Drying
in chamber dryer
(60 °C for 3h)

@

Sieving
(1.0 mm mesh)

U

Kneaded granules

Scheme 1 Preparation of kneaded granules



3) WEHIE

MR X R EPT(PXRD)HIE
BEZT NI ARV A—IZHEE L, EHEHY L TRKKETR., EiR

THEZIT> T,
< HEE >
X #FALE kst W7 -~ v F T Ly 7 2
X BREER ; RASHAE R A-41-Cu
[EHTALE ; PRSI
X MBRHEEE A s By v FL—va vy 2 — SC-70
<HESRM>
Target : Cu Filter : Ni
Voltage : 40 kv Current : 20 mA

Scanning speed : 3°/min Scanning angle : 2-35°

REEREGE (DSC) HIE

T —2 (LY AAFET . BZ22RE) 122 ARk L TR S E

e EMEE LT 2mg ITxS®) 27 V7 T 7R AR, FiRE

FE. M54y 10°C THIE L7,

H

<JAEE>

i

BVSHTEEE - BN E4E Y 4 7 # Thermo plus DSC8230

7 — ) = BRI kE (FT-IR) JHIE

2 H (ATR) #EZ2HWTEREIO FT-IR JIE %2 1T - 7=,
<HERE >
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7 ) S EBARISRIE R AL IS FT/IR-6100

WESAE ; SREE 4 cm™, A% v L HiPH 4,000~400 cm™, A% ¥ % 8 [A]

AEARE PR (SEM) T HE
AR OREIRZBET 52D ERAE FIHMEL JSM-5510LV,

JEOL Ltd., Japan) /=, F¥— 7 v 7%, BE&a—T 47

Tl L7, MEEEZ 20kV ICTHE L CH o 7 LVOBIER 21T o7,

ZEDEEZWE LT 15mL O T AT, 3B 0.5g 2 ANVE EZ Y
PIME R E T2, RBE2 AN T AR E, BbT MY U LaFIKER T
FHRHEE % 5T%\ZFAH Lo T 7 —Z I AT 25 °C TIRIFT 5., {R1FBIAA
3. 6. 9. 2B XIS KR OREIAY T AROERELHY | VIHEE
EDEEKRETRER L T DH, KEJEERLABIER WHERE— VTR

BaEE) THRLUT, KBRXBAEREZEH LT,

>
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o5 ERIERIIZ L 5D CA/L-HPC 8 A VEF 2

1-1. R X SREHTRIEIC K D CA btk REREHA

Table 1 DALITIZHEVY CA/L-HPC #EHERL 2 FH % L7, CA 13 80°C (2N
U7 REROKIC R L TR Lz, SRE L7 CA/L-HPC #RATERIFS KL OVPM H
D CA OFESIRRE 2 M35 B AT, PXRD JIE % Ehti L7=, = DOfER % Fig.
21T77, ek, BRRRICHEOKEZHNTND Z &b, KT 7 =41
IIKFUZ 72 D ATREME BB 2 BN DT I 7 =4 v 1 KF#® PXRD HIE b
1To 72D, AR IR L1370 > TWRWZ LR ST,

CA intact 3 XU PM THER S AL D 20=12°(FE DO B — 7 1%, AR O
5 H CIW30 TILHE L, LSO CITIENME T L7z, E7-FRERIC 20
=H)27°(HED 2 RO E—27 % CIW30 TIEER L, ZRLAOREFCIE 1 A
DT a— RRpE— 7\l oT, —KINZEDORERMEME T 5 & PXRD /¥
A= BV TE = BEDK TR~ 07 u— MM ERER s
DD, AR TIE CADRERIEIMET L TER Y Z O MMEm IR RK &
ITIRAF LTV D LR ST, £/, CARINED D720 CIW30 Tl CA 1%
FEMERRETHEL WD LB BT,
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N T

Caffeine monohydrate ____... . /L. / kr ww
CA intact

CIPM S e b
C2PM S 0
C3PM N — 2
CI1W30 i
C2W10 A e .
C2W20 -~ —
C2W30 - —
C3W30 AN .t
L-HPC intact S
I I ]
2 10 20 30 35

20 (°)
Fig. 2 PXRD patterns of caffeine anhydrous/L-HPC samples
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1-2. REEEBENEIZL D CA K KE

FAEL L 7= CA/L-HPC A TERIE X OVPM 10D CA OfESIREEZ R T 5 B
)¢ DSC I E % Fhi L7=, £ DOFEHE% Fig. 3 [279, CA/L-HPC & HERIES
JTO'PM @ DSC #hi#f % CAintact & i3 % & [ PM TIZZNZEH 150 °C £4iT
(A2 R R OB E — 7 D3RR S L7203, 240 °C FHE Ol R O e
— 713K (CIPM), D WFRE XV IREMIC 7 2 — R e —27 & L ChE
WENT, — AR OHA . CIW30 Tl DSC #HIfRIZZ LT HivT,
C2W10, C2W20, C2W30 3 LT C3W30 TILFA-#ERHRD B — 7 DOIEL & ft
AEVIRRMANC 7 2 — R v — 7 iR &7z, PXRD JIER R & FERIC
CIW30 TiX CA IZFHMERBTHEL TV D B X b,
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CA intact =

C1PM

C2PM

Endothermic

C3PM

C1W30

cowao —

L-HPC intact

120 150 200

Temperature (°C)

Fig. 3 DSC thermograms of caffeine anhydrous/L-HPC samples

(heating rate, 10 °C min™)
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1-3. 77—V =B WIRIN 361 KX D CA/L-HPC A8 A VE R

AR D CA & L-HPC OARAAEM Z3fi9~ 2% 72, CA intact, C2PM,
C2W10, C2W20 35 LT C2W30 @ FT-IR A7 MV EHIE LTz, T OfER%
Fig. 4 [Z7"F, CA O C=0 KD 1692cm™ B LN 164lem™ D 2 KD E— 2 |%
C2PM TIIZEAL L 22 o 7oy, #RATERL (C2W10, C2W20 38 LT C2W30) 12
BOWTEZENEIEEEMIZS 7 LTS Z & DRI I, CA ZVER L7
FERUK ClENERI 95 Z &2 LD L-HPC 701 & CA 3 AR LT L%
z b,
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= CA 1ntact
bt
: é C2PM

W C2W10

=

— C2W20
—

C2W30
| (- i 1 ) H | '
1750 1700 1650 1600 1550

Wavenumber (cm™)

Fig. 4 FT-IR spectra of caffeine anhydrous/L-HPC samples
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1-4. E/KFZBEHLUZ L D CA/L-HPC 8 B AEFERAL B

L-HPC D gL OMIE 1L PXRD JIE TIXWEETH %28, ROV IEIETIE
S TICH 50% DI BEIE A R0 L ST g + Y, iR O L-HPC
Doy FIREE & FHI§ 51272 0 L-HPC OFFOIEFMERNICEH L, FEMAE O
D OD E~O@E# LT S 28 L EARREREIC T L2, CA
intact, C2PM I L ONERUK &4 Z 2 TG AL (C2W10, C2W20 B LW
C2W30) DO EKFEHATH D FT-IR A~27 kL% Fig. 5a (2”7, C2PM B X
OV A R CE/K R EHIC L 0 2500em™ FHIIZHLAL 7= OD {HiiEHRE X, L-HPC
57 FAROIEFE OH—OD EHIZ KT 2 23S B Tl RUK&EIZ XL Y OD
EHROE—7 DRE SINIENA LN, £Z TOH 4, OD ko —7

HfE %, EKFEBEHRTELORZ 5720 CH & (2900cm™) O v — 2 [fg & @
2RI U TRl L OfE 5% Fig. 5b 1= LTz, 728, SEFI TR L 7= 3106cm™
BLU2951em™ 12 CA kDO E— 27 BNEAL->TWHwH, B 5EMMIEL
7o bETve—rsmfElk AR Lz, Fig 5b IZRO HILH L 5 ICEKIRE HAT
OH/CH b & E#if% OH/CH HhIFRUEHE TR E BT O SN leiy, H
KB O OD/CH LR RUK BIMAT L TR F 9~ 2B 23380 b7z, fERe
D7z CA Z ANTIZ L-HPC ZFEHK DA THA L2 LWI0, LW20 B LD
LW30 % Ji%L U /K& & #2l2 C OD/CH % el U 7=, /KB E AT O FT-IR
AT ML EE— 7 OfER % Fig. 6a, b ITRT, TORER, CA DRWHE
BB TIIWT O E—7 O b bR SN oTle, TDZ LD CA &
K&K & LT L-HPC & UERI 5 & CA IE L-HPC D IFEf 8k OH £ & 4
HAEHT 5 Z L3R ST,

L-HPC OfERUKEA —EIZ LT CA &% CIW30, C2W30, C3W30 & %1k
SETABHZ DWW T b RBRICEAKFE B AT o 72, BEARFREWATH O FT-IR
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AR fEE—7 ORER % Fig. 7a, b 1T, E—7 L CA & & DORI%
i L2 %G . CA &7 CIW30 7225 C2W30 (2237 % & 4+ OD/CH Lt
DI FARSIZA, C2W30 205 C3W30 IZZE(L L-GE TIHIE & A L7240
72 < OD/CH IOAX T OFHFT B3O HiLlz, T L-HPC OFH AAEH AL
A CIW30 IS T 5 CARTIREEAINZZ LICkDEEABNTZ, 2D
#50% Fig. 3 @ DSC HifR T CIW30 OFElSHEDO B — 27 1 ZHE LT b DD,
C2W30 B LN C3W30 TiE7 r— R —7 L 72> TR ST/l R % S kF
LTW5,

L-HPC ORI Z 723 fEmEL T — 2 (MCC) 1XB#EC L 0 FESE D
OH 3N L | 38 & 46 ied 2 L IR BE CHE/ER 3% Ll shTw
% ", —J5 L-HPC I intact THAFAIZDO LWL n—2FH K THD Y, 4
5] D 7K SR E L% D OD/CH LA T 5 &0 S fERIE. CA % R RUKIZ IR
L CL-HPC & #&T % & CA %173 L-HPC JES I OH JE L M EAER 2
ZEHREBL TS,

Gy RO E TR LKA T WA L LTl &, BAEON T AEE
(Tg) #FT&E2 2, £ERERBEICBNT Tg LV EWIRET
T FINKFER-E NI E Y UGN E < e D PP, RIFECIEEL 17— 255
EIRTH D L-HPC I E DK% M 2 7B AGERC TR 2 L T b 2 &

5. T EGERIFFICIE Te AME T L C L-HPC DO IEFLFEIK OH JEDIESh A &
FOEMEIELLTVIRREE B X 5, —JF CA 1TAKITHE T 2 M D35
2mg/mL (20 °C) & HFE D m< 72 <, BT Tl 80 °C I[ZhME L 72 FEHKIC
BIRSETHD, ARIO XS @R (0.33% (0.15mM) LLE) T
CA IXHCEAIT LY dimer % polymer AT 5 = L ¥ ST D 2,

IIU

I

e

L-HPC FEMEIK D OH DO ISTEIXEWIREETH D 2R 5 CA DHESR
B L TR Z A7, CA 0+ & L-HPC FERFEK D OH £ & O BAER 23
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fREAU. —HIIFRAEIRE & 72 5 238 0 I TRE s M O IRV IRRE TR AME L T
WHEEZLND,

HLIRIRRE D L-HPC [E A O Tg 1%, HE HIEIZ LV #7255 Gomez-Carracedo
513%9220 °C £ LTW5 ¥, CA @ DSC #hift (Fig. 3) T C2W10, C2W20,
C2W30 3 L TN C3W30 IZRlUR & W ARIRMNC 7 e — R B — 27 23 FBL L DI,
55 < FHAEAEH LTz CA 2578 L-HPC @ Tg £/ CKFERA LTI £ 0 A
ERPEINTLE Tl ZE 2 BN D, CA BV REDEV CIW30
TIET N THIEMERETHAER E RoTood, Tglh k& 7e > TH AR
7otz tEZ BT,
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(@)

OH CH OD _CAintact OH CH OD ,|CAintactD
8 C2PM 8 C2PM D
= =
8 8
g C2W10 2
g C2W20 g C2W10D
= =
C2W30 C2W20D
Deuteration > C2W30D
4000 3500 3000 2500 2000 4000 3500 3000 2500 2000
Wavenumber (cm!) Wavenumber (cm™)
8.0 - (b)
ER 1
-
6.0 - ]
'2
N
[+
t S
S 4.0 -
} S
-]
-z
S
A~ 2.0 -
0.0 |

C2PM C2W10 C2W20 C2W30
Fig. Sa Effect of deuteration on FT-IR spectra of caffeine anhydrous/L-HPC samples

‘D’ attached sample codes show the deuterated samples.
Stars show the position of the CA-derived peaks at 3106 cm™ and 2951 cm™.
Fig. Sb Peak area ratio of OH/CH and OD/CH in FT-IR spectra before and after
deuteration
Each column represents the mean + S.D. (n = 3).
[ _]: OH/CH ratio before deuteration []: OH/CH ratio after deuteration

: OD/CH ratio after deuteration
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(a)
OH CH OD
LA ) T e
: § LW10D
: t L VAl //JLWND
= =
g g \/
= =
= = LW30 D
- - \ Aﬂ /
Ll R |
4000 3500 3000 2500 2000 4000 3500 3000 2500 2000
Wavenumber (¢cm™) Wavenumber (cm-!)
b
8.0 —I— (%‘ +
e 6.0 -
2
[
S
S
= 4.0 -
<
R
]
&
2.0 -
0.0 .

LW10 LW20 LW30

Fig. 6a Effect of deuteration on FT-IR spectra of L-HPC kneaded granules
‘D’ attached sample codes show the deuterated samples.
Fig. 6b Peak area ratio of OH/CH and OD/CH in FT-IR spectra before and after
deuteration
Each column represents the mean + S.D. (n = 3).
[ _]: OH/CH ratio before deuteration []: OH/CH ratio after deuteration

: OD/CH ratio after deuteration
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| OH CHoOD | .

“’““\\/V .

Transmittance

4000 3500 3000 2500 2000
Wavenumber (cm™)

(a)

Transmittance

¥

b~ OH CH OD

: . . ng C1W30D

C2W30D

C3wW30D

4000 3500 3000 2500 2000

Wavenumber (cm!)

8.0 - (b)
_I_
6.0 - 7 —
2
E
S 4.0 -
<
-
S
A 2.0 -
0.0 .
CIW30  C2W30  C3W30

Fig. 7a Effect of deuteration on FT-IR spectra of caffeine anhydrous/L-HPC samples

‘D’ attached sample codes show the deuterated samples.

Fig. 7b Peak area ratio of OH/CH and OD/CH in FT-IR spectra before and after deuteration

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

[ ]: OH/CH ratio before deuteration

: OD/CH ratio after deuteration
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B BEDINEC X 5 CA/L-HPC 8 A AEH EEAm

2-1. By X BREFFRAIEIZ X D CA OfE iR AT

Fig. 3 @ DSC #i#f T CA ORlSE—27 73 CIPM TiXiEk, C2PM B LW
C3PM TIHEIRMIZ 7 7 — e — 2 & U CHEGR SN RIK 2 figi 3 5720,
CIPM, C2PM ¥ L UF C3PM O&EENNEY) (SH) % 7% L PXRD HIE 1T -
7co @ PXRD /X% — % Fig. 8 |\Z/~7, SH TH#MAHHRL & [FERIC 20=4
27°FHE D 2 KD B — 7 MK (CISH) . 5\ 1 AD ' —7~ (C2SH, C3SH)
LA 0REREME T LW S EE X BT,

Nakai 5%, HEBEMEEY & ZILNMET T AR EIRET 5 & R E K
£ L CTRAEYWN T 3IFEDIREE CTIE(E L, #dbIRAEA phase 1, DSC % — K T
AlLE LD BARRMANZ 7 v — Re B — 27 2B 5K BEZ phase 2 (Ffdm & 123 EL
A2 AREE) . PXRD /8% — 3 L O DSC iR IS HLAL 22 RBE phase 3
(FEAE., & D WITHIVEICRAE SITZIREE) L LT 20, £25lic,
INHOBEBIIL AN T A KRDORT A XIHKAFE L. mesopore size (20 to
500A) Tl phase2 & 72573 1000 A Tid phase 1 12725 L LT\ 5 2 4
[l Fig. 3 T4+ PM 28 A8 [T A& - 03 ELAVIIRTE (phase 2) & 72 > 7= DI,
SH @ PXRD #IEDFER (Fig. 8) 3 L OV L-HPC 23 FEIART A XK 15nm D
S L e —ZFFEK VTH DL LD, BRI L0 TV s
7 VTR UNT CA PR L TRERMEMAK T L L-HPC OMIFLES CHAE/EM L
Tele bEZ Bz, CIPM @ DSC Hiff CRls kDO B — 27 231HK L C2PM
BEIOCIPM TlE7 r— R —27 L LTRBIEIND Z L2026, L-HPC O
FLEBOAHEAEHERALIT CISH IS 9% CA B TIREHASINTLESZ D
DEEZ BT,
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Fig. 8 PXRD patterns of caffeine anhydrous/L-HPC samples after sealed heating
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Jop — fifs

o — A BRI IZ X D AA/L-HPC #H A AE 254
3-1. ByR X BREHTHIEIC X D AA FE SR REREA

Table 1 DRIFITHEV AA MREFERLZ AT L7z, 7eds, AA ITRRUKIZEAAR
LCHA Lz, PM BLOMAER O AA OFESEIREZ M 5720
PXRD € & %k L 72, F&HR% Fig. 9 1279, A2PM B L O A4PM Tlivd
b AA FESHSRO B — 7 SRR S -2, A ERIT AA &, FBIUKEIC
DL LT, WTNOMEERL S e —"F— %R L AA ITIERERIET
FELTWD EEZ BT,
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Fig. 9 PXRD patterns of ascorbic acid/L-HPC samples
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3-2. RAEEBBRENIEIZL D AA KRB

PM I L O EFERLF D AA OfEdbIRAEZ 743 2 72 912 DSC #lliE 2 i
L7z, #53:% Fig. 10 127" T, A2PM 3 X OV A4PM TiEW 3411 190 °C fHiTiC
AA DFRICHRT 2B — 7 DR S L AA 13FEIRIETIFEL T D
ZEDHER I NI, BEERLTIIW TS B — 7 2NEK L AA IFIESEIR
RECTHELTWD EEZ LR,
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Fig. 10 DSC thermograms of ascorbic acid/L-HPC samples (heating rate, 10 °C min™)
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3-3. 7 — U = BHGRINVEEEIC X D AA/L-HPC A8 HAEH 2L

AR D AA & L-HPC O AAEM 2 5Fli 3% 726 AA intact, A2PM,
A2WO08, A2WI16 35 L TN A2W24 @ FT-IR AX7 MLV EHIE L=, ZDOfEHR%
Fig. 11 1Z7RT, AA @ C=0 KD 175lem™ O & —2 & C=C H3K®D 1651cm™
DE— 7 TEBEIZRERERRBD DL, A2PM TR & A EE L L
S 7273 A2W08, A2W16 3 LN A2W24 28\ Tk, 2Bl K&
KU Z7 RLTNDZ EDHRINT, AA ZIRME LT RERUKTHET 5 Z &I
£V L-HPC 53 1-& AA S FSMEER LT B 2 b,
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Fig. 11 FT-IR spectra of ascorbic acid/L-HPC samples
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34, H/KFEEHLZ LD AA/L-HPC 8 A AEH A7 34

AA FREFERLD L-HPC D43 7 IRIEZ B/KBEHLFIE D FT-IR A7 FL %
Lo UCREl L7z, Z OfE % Fig. 12 1R $, BEAZREHRICLY PMBLD
BRA TR X OD ZEHRDO B — 27 338D L5 53 PM IZEE< A2W08, A2W16
BELO A2W24 OMEERL TIZH O NICE— 27 D/ EL o T D, Fiz,
AA BEDZ U A4W24 TIFEAKFBEHIC LY AAintact 1F & A ERILC AL b
JVE R L, OD FEHRO B — 7 13588 b L7e o 7=, BEKFEEHLAIT% O OH/CH
Lb. OD/CH HAZ DWW TIE, AA DAY MLV OEEE R 1T 5720 CA O
L0 BRI G SN o T, Ls LR D AdW24 D H/KSEE L% D A
7 bV T OD EHKOE— 7 BHEGRTEX 2N &b, AA HKEIE LT
L-HPC L #5925 & L-HPC FEGAEL D OH & LA EAEHT 2 Z ERNRme s
72

RS X VARIRMNIC 7 v — R7p e — 27 RIS S 7 CA A TERIO DSC Hhif
(Fig.3) & %720, AAMEGEA CTIT T X TrHEME L o7 (Fig. 10), £

ST IREOEIZ TN ENDOEY OKEFIR T D5 FIREBICER L TWnWDH LHE
Z BB, KITKT DEEMRE DK 2mg/mL (20 °C) LK< dimer 72 & Z AL
U CRSPEDIR Y CA IZEEA~ . AA TR MREE DM 150 5 < (K9 333mg/mL in
water at 20 °C) . EMEZITIZ & AV EDRBEL TA A A & 72 0 ROSHED @R

RRTHDHTD, Tg MET LT ED ERAED L-HPC FESLFEIK D OH 4 &
SRSABAEME L, #R & LT DSC M#RICBIENBIN Do Teb D EEZ B
77
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Fig. 12 Effect of deuteration on FT-IR spectra of ascorbic acid/L-HPC samples

‘D’ attached sample codes show the deuterated samples.
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CA/L-HPC, AA/L-HPC #E-& ki o Hrifig

4-1. SEM BE\|Z X & FERI 31 O Leig

C2W30 I LT A2W24 DR EIRAER SEM |2 THIZE Lz, AR EmO
SEM G.H % Fig. 13 (27857, C2W30 TIEFE T CA OEHIRAESE M 23 ER 0 11 e
WS NDH, A2W24 T B2R K T AA ORGHITHER S N2 o 7z, CA
IS TR CRE PEME T L7 IREETH 2 ISkt L, AA 1T58 2 IC IR EDIR
RECTHAEL TV 5 &9 PXRD (Fig.2,9) <°DSC (Fig.3,10) DOlERE R %
XFTHHDOTH D,
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Fig. 13 SEM photographs of caffeine anhydrous/L-HPC (a) and ascorbic acid/L-HPC

(b) samples
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2. RE TR D KRS A R

L-HPC D3I OH JEI3KZRKAZ WS Lo W TH 5725, OH A3
iy LAREAER Lo B KRS B BN TH ZENnTRRSND, £2
TIHMIFE T TORELIREROEERFT D720, LLTORETAESR
WERERZ Tl L7z, 0B, AA ZEIE T L-HPC ZHE8K O 7 Tl A& ke
L7z D% L-HPC AR & LT,

@ L-HPC #fi& 8K : L-HPC intact, LWO0S, LW16 3 L T¥ Lw24

@ CAMATERL : C2PM, C2W10, C2W20 £ L U8 C2W30

@  AABRATERL : A2PM, A2W08, A2W16 35 K TN A2W24

FnEntowE (25 °C, T, LY UfEE T, 2days) . KES
A RBRIENTHE T 25 °C 57%RH SAFIZ B BCIRE THUE L 72 RF D K78 A
REFH Uz, T ORKZ(% Fig. 14a, b, ¢ (2759, L-HPC intact & 34 % fil
A L72\ L-HPC G RERL DK AR A #id, BT HROKEITRFE LTk
FEIHREIME T L7z, Badawy 51, MCC 13Kk TSR T2 & S ALMEDN R
LLLRERE S IR T2 LS L TR0 . 2 O E AT ERLIRAE I 4K
7 BB <BEHE) +5LLT0ns P, MCC RfELILED L-HPC ”

ALREBERBIGNEZ 5 EE X B D, L-HPC I MCC XV &AM
mWe, EOERMEIL X VIFROKEOR B X T 5, TobbREROKEIC
(R LT U LishitE i m < 720 . L-HPC &, FRUKEITERSF L CERI
I3 2 2, ZofER, L-HPC MaBERLO Z AL I3 LK KRS &
MLz Ex 615 (Fig 14a),

CA AR O KT AE & b FFEUKREITKAT LTI R L7end, W
1T L-HPC AR LV HIKTF L7z (Fig. 14b), AA #RAFEKL & R ISR SK

BT L CRAEEDME T L, L-HPC, CA SARER L 0 & EE O T ix
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BB L7z (Fig. 140). Wb RERUKEITKTE L CORARRE EE DMK T3
DAEA DGO v, EYPGFAET D & O FEMITHER S iz, £ O
X EEM 72 L<CA<AA) DIATIRD - 7228, MR KELREAE TN TH B IE
FRAEI OH 2 L HHEAEA LT\ D72, KEKOWE & 15 LR AEEE DK
THRRBDOONTELDEE XD,
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Fig. 14 Water vapor sorption rate of L-HPC (a), caffeine anhydrous/L-HPC (b) and

ascorbic acid/L-HPC (c) samples at 25 °C, 57% RH

Values are expressed as the mean £ S.D. (n = 3).
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4-3. FEEAER Y AT LD

L-HPC & . @EO/K TRAER L2 CA 1 £7213 AA DO AEAE
MY A7 2% Fig. 15 177,

L-HPC intact Cl&, ITBED L-HPC K Y ~—D/KERIE[R £ CTARFEHES L T3
X T LT E AR REE., B Fed oo R VI L KkKEHES
TEPITRREATL & Z AN E 72 D, Ky FIEIEAEIkD OH KA S
WA &5 (Fig. 15a), CA KEE CliEki 2179 L KICE Y L-HPC @
Tg MME T LIEMEIRO OH EOEBETEm E o7 REL 72 523, CAIZAC
SRR L TR ZD7DHEKD 7 = A 5+ & L-HPC OIEdL3E1 OH A &
OFAAERAN—EIZHIBR S v, ZHLSMIAERMEME T LR & L CTHFLE
LTWsE&EZHNS (Fig 15b),

— . mIBFRE CIEMRZIZE A EDRBEL TA A B E 70 D AA ITRE
EREVRETH D70, WAIERIFFIZ Tg 2ME T L CRISED @ VIRED
L-HPC FEdb il OH L L i< AR L TnWb B2 bbb (Fig. 15¢),
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@ Water molecules T

Fig. 15 Schematic diagram of L-HPC (a), CA/L-HPC (b) and AA/L-HPC (c) samples
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TR ERIERIIZ L 5 NA/L-HPC #8 A€ FH 240

5-1. R X BRIEHFIIE IS & 2 NA i db R iER AT

Table 1 DALIFIZHEY NA Z FERUKICEME L C NA SR FRRIZ R L 7=, PM
B KOG FERL T O NA O iR RE 2 Rl 2 72 81 PXRD HIl7E 2 FEfii L 7=,
Z DFER % Fig. 16 12787, NIPM, N2PM B L UIN3PM Tid\ 971 d NA
iR D B — 7 PHER SNy, SRAETRI TIE NA &, FBRUKEIZ» D5
T DT ROMAER S N — X% — &R L NA [ZIEREIRIE TAfEL T
Wn EEX BT,
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Fig. 16 PXRD patterns of nicotinamide/L-HPC samples
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5-2. RAEBEBENIEIZ L D NA KRB

PM H J UG FERL 1 D NA DOffEiik & &2 3T 9~ 5 72 912 DSC HIZE % Fhi
L7, fE % Fig. 17 127”87, NIPM, N2PM 1 X X N3PM TiZW i 130 °C
312 NA OFRHSROBEE Y — 7 338 S, NA 1SR RE THE L TV
B2 EDHER SN, — AR TIE NIW0S TRISAHIIZh 3 MR e
— 7 DR S T2y, T NLS DG RLITW T b B — 27 23 HK L NA 1%
FHMERETHELTND LB LD,

NA DKIZKRT 2 EAEE I35 1000mg/mL (20 °C) & AA (9 333mg/mL)
I BRI HEENICH b 5T, NIW0S TIEFl s Ic B e — 7 3B
L7, NA I¥ pKa 93 OHEMHE CHREUKICIEMRT 2 L1F & A ENS 18
EIR DT, HIARSMEIZ R < 7V B X Hivd, £7 NIWO0S |3 A Eh:
[CEE LT RRUKEN D 7202, KIS K 0 EEEN & & 5 IRk OH A&
NPTV LB PXRD NE — 2 Tldna—"Z — 2 %R L7225, L-HPC
OIEGLFE OH K L FHAEAER CE o720 103 & dH » DSC #iFIZ At fh
RKO/NE R — 7 BFEBLLIZb D EFZ X b,
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Fig. 17 DSC thermograms of ascorbic acid/L-HPC samples

(heating rate, 10 °C min™)
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5-3. 7 — 1 =GRV EEEIC X D NA/L-HPC A8 AAEH 2EAH

AR O NA & L-HPC O AAEH & 7§~ 5 72 NA intact, NTW24,
N2W24 35 KL TUVN3W24 @ FT-IR AX7 RLERIE L=, ZDhER % Fig. 18a, b
(2R L7z, Fig. 18a Tl 1699 em™ [Z NA D C=0 H3E D &'— 7 23588 B 5 73,
NA intact 35 L OV FERL CE LITFRD S h> 7z, Fig. 18b Tl intact |Z
N-H BH3ED — oD ' — 27 78 3348 ecm™ & 3138 em™ ICA BN 5, AR TIX
L-HPC @ OH ZEHED ' — 27 73 3000~3600 cm™ ([CEA2 D725, N1IW24,
N2W24 TN DL 20, NA EDZ V) N3W24 T 3138 cm™ DB — 7
DEEANZ S 7 LTV, NA A% LICREOKTHET 22 212k
L-HPC 737 & NA Gy T AR LT L B b,
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Fig. 18 FT-IR spectra of nicotinamide/L-HPC samples

(a) C=0 vibration peaks, (b) N-H vibration peaks
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5-4. HE/KFBEHLUZ L H NA/L-HPC 8 A AE AL 2EAh

NA #ERERLO L-HPC D53 FIRAE A BE/KFREHLAZ D FT-IR A7 ML %
Lol UCRE L7z (Fig. 19a, b), HE/AKFEEHIC LD PM I L OBE BRI
OD JH KD B — 7 13588 biviz, MEUKEZ 2 S E7-% (Fig. 19a) T,
FRUKEITIKFEL T OD =27 0/ h < of, 7o, BRKELZ—EIZL
TNA B2 2L x87=% (Fig. 19b) TIEZFIZH PM 12~ OD ke —
BRSNS o TEBY NA BAKEK E LT L-HPC &RAUEhd 2
& L-HPC DIEfbaEE OH 2L L M AENEHT 2 2 L 3 iR Sz, E/K R BT
#% 0> OH/CH k., OD/CH 22\ Tlid, NA DAY MO8 =T %

728 CA O & 5 BRI E Lo Tz,
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Fig. 19 Effect of deuteration on FT-IR spectra of nicotinamide/L-HPC samples

(a) effect of water amount, (b) effect of nicotinamide content

‘D’ attached sample codes show the deuterated samples.
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T n— AFHEERRIEAIO O L D Th D L-HPC 1%, EDLERRFHED D
ERRANZIB N TAS AN HBN TV D, ARBFE Tl EOKE A7l liE
KilZ &% L-HPC &KEEMEERY DI B 2 52 L7z,

WAKDT7x2A 2y, TRAANEVBEBIR=aF 7 I ROFBRNL, KE
PERN 2ot B D 7K T L-HPC & UEhid % & L-HPC 1334 M AEAEHT %
ZENRAGIMNE o7, HEARKFREWLRT O FT-IR HIER F 13X L-HPC DI FhTE
ik OH & & KW /oy T EAEH 92 2 L 23R L, PXRD, DSC HIERE G
5. Z OO 1 OWREBITIEEE H 2 VIR AENME T L72IREETH 5
ZEW ot fEERIRIEIXIEY O K3 D R IRIECU R O 4 TIRREIC
RIFL TR0 . VMR DS FL AR < W21 dimer 72 E&2TERCT 2 HEK T 7
= A AN EOE T LR THAEFER L. WREOmWT A3/ g
RK=aF o7 I NEFESEREL eoTe, =aF T IRET AL U@
TIHEMRZRIZ LA ER S TRE D =aF o7 I NI BRREILE DK
13 ZRIEEAENA AT ERDT ANV E UV BBOTR=aF 7 I L
D HIRSAHEAENT 2 Z Lot wEOKE L-HPC & VW 7o A0EkE
I X AHETERICBWNTT 2 2L B Uil & RSPED & O KR M) 1%
L-HPC DIEELEk OH A L FH MM 5 2 & TRAIT oMo psy & O A AR
R U, BRI OZEWRR LT 2 ERDO—>EE 2 bk,

L-HPC O —fRpY72IIEA & L TORIMIET Tl 2=—27 72 Y% v U
T—& LTOMMARHTTIND,
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AFROD OTC EIMTIFOMM E LT EEOFEDN S ZiE Lz
WEWS ZERRITOND, BEROMS ZELE S D ITIFRFI 2 TR TRl
AR ZTEYRI L LR X BESERNWZ EBNE L0 @ T
Kooyl TAERGE), T (F7i3=) Bie) © Ta—7 4 7] R EOHIN
ERAOCTHRAEL TS, ZORKBR, TEREIIMAEH T X oo s H
ETRERD,

ZO L H 72T L-HPC % AW CREOK Tl AaEhn U Tk % 15 5 5l
X, WEOKEMBAL TWDICH DL TKICRL E RGO A LR
DB E DR DR DORZEW L LSEDHEN)I2=—TREDTHY, £
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Intermolecular interaction between low-substituted hydroxypropylcellulose and

water-soluble drugs in granules prepared by wet granulation
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Summary: We investigated various physical properties of granules composed of

low-substituted hydroxypropylcellulose (L-HPC) and water-soluble drugs (caffeine

anhydrous or ascorbic acid) prepared by wet granulation. The crystalline state of the

drugs in the granules was evaluated using powder X-ray diffraction, differential

scanning calorimetry, and attenuated total reflectance Fourier transform infrared

(FT-IR) spectroscopy. Caffeine anhydrous showed a reduction in crystallinity that

was dependent on the amount of purified water added as kneading liquid, while

ascorbic acid was observed to be in an amorphous state with any amount of purified

water. Deuterated samples of each drug showed decrease in the area of the

amorphous OH band of L-HPC in the FT-IR spectra. These results suggested the

possibility that both drugs interacted with OH groups of the L-HPC amorphous

domain by wet granulation independent of the amount of purified water added. The

rate of water vapor sorption by the granules was reduced dependent on the amount of

purified water added. The rate of water vapor sorption was suppressed in the

presence of drugs. It was considered that the interaction between the drugs and the

OH groups of the amorphous domain of L-HPC interfered with water vapor sorption.

-59-



Keywords: low-substituted hydroxypropylcellulose; caffeine anhydrous;

ascorbic acid; wet granulation; amorphous; molecular interaction

1. Introduction

The selection of excipients is important in drug formulation design for solid
preparations. It is necessary not only to consider any direct physiochemical
interactions with the active pharmaceutical ingredients (APIs)", but also to think
about the effect of the excipients’ properties on the stability of the APIs*>. Although
cellulose derivatives are widely used as excipients because of their rich variety of
properties, it is known that their characteristic moisture sorption properties can have a
negative effect on pharmaceutical stabilities”. Because the moisture sorption of
cellulose derivatives is dependent on the amorphous domain within cellulose
molecules that has high affinity for water molecules”, it is possible to infer the
tendency of moisture sorption by measuring the crystallinity of cellulose derivatives.
For example, powder X-ray diffraction (PXRD) is a simple and convenient method

for evaluating the crystallinity of cellulose derivatives®. The crystallinity evaluation
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by measuring the infrared absorption of deuterated samples of amorphous OH " is
considered to be appropriate for the evaluation of amorphous cellulose derivatives
whose crystallinity is difficult to evaluate with PXRD.

Low-substituted hydroxypropylcellulose (L-HPC) is an amorphous cellulose
derivative with low-substituted hydroxypropyl ether body. Because its particle shape
ranges from fine to fibrous, L-HPC acts as a dry binder in a similar manner to
microcrystalline cellulose™®, but it is also used as a disintegrant due to its extremely

characteristic high swelling property'”.

The high water-absorption capability of
L-HPC allows for wet granulation conditions to be modified simply by adding
purified water'”. L-HPC is a particularly good excipient option for extrusion
granulation because of the low screen pressure attributable to its high swelling

12 L-HPC has a lot of amorphous domains that readily associate with water

property
molecules, and the moisture in the pharmaceutical preparation is retained as bound
water, which consequently reduces the amount of free water. This characteristic of

L-HPC has been reported to contribute to increasing the stability of APIs that are

unstable in the presence of water'”.
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By preparing granules of L-HPC, amorphous and water-swelling materials,

and water-soluble APIs by wet granulation with different amounts of purified water,

we found that the drug molecules interacted with the L-HPC. In this study, we have

utilized caffeine anhydrous (CA) and ascorbic acid (AA), which have different water

solubilities, as model drugs for the preparation of granules by wet granulation with

purified water, to clarify the interactions between drug molecules and L-HPC. We then

evaluated the crystalline states of the drugs in the granules and at the drug/L-HPC

interaction site.

2. Experimental

2.1. Materials

Caffeine anhydrous and ascorbic acid were purchased from Shoka Pharmacy

Co., Ltd. (Japan) and BASF Japan, respectively. Low  substituted

hydroxypropylcellulose LH-31 (L-HPC) was purchased from Shin-Etsu Chemical Co.,

Ltd. (Japan). All sample powders were of JP X VI grade, and were used without further

purification. Deuterium oxide (99.9%, for NMR) was purchased from Wako Pure

-62-



Chemical Industries, Ltd. (Japan). Other reagents were commercially available special

grade products.

2.2. Preparation of samples

Sample formulations are presented in Table 1. Purified water was used as the

kneading liquid. Each drug was completely dissolved in the given quantity of purified

water. A Mechanomill (MM-10; Okada Seiko Co., Ltd., Japan) was used for kneading

with the blade set at 1000 rpm. After the addition of the drug solution to the L-HPC

powder mass, kneading was carried out for 3 min. The kneaded mass was passed

through a 20-mesh sieve by hand. The granules were then dried at 60 °C for 3 h and

pulverized to pass through a 16-mesh sieve to obtain the final kneaded granules. A

physical mixture (PM) was prepared by blending each drug and L-HPC at the given

weight ratio in the Mechanomill for 3 min. Sealed-heated samples (SH) were prepared

by sealing of PMs with CA:L-HPC ratios of 1:8, 2:8, or 3:8 in a glass ampoule and

heating for 15 min at 180 °C.
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Table 1. Formulation of caffeine anhydrous and ascorbic acid granules

Weight (g)
Sample code”
Drug L-HPC Purified water”
5 40 150 CL18W30
50 CL28W10
Cafteine
10 40 100 CL28W20
anhydrous

150 CL28W30

15 40 150 CL38W30

40 AL28WO08

10 40 80 AL28W16

Ascorbic acid

120 AL28W24

20 40 120 AL48W24

“Kneading liquid
®Sample code representing the weight ratio of drug, L-HPC and purified water

) CL18W30 shows caffeine anhydrous:L-HPC:water = 5:40:150 = 1:8:30
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2.3. Evaluation of samples

2.3.1. PXRD measurement

The PXRD patterns of samples were determined using a diffractometer

(MultiFlex; Rigaku Corp., Japan) with Ni-filtered Cu Ka radiation at 20 mA and 40 kV.

Each sample was packed into an aluminum holder, and scanned with a diffraction

angle ranging from 2° to 35°. The scanning speed and the step size were 3°/min and

0.020°, respectively.

2.3.2. Differential scanning calorimetry measurement

Prior to the measurements, each sample was stored in a desiccator containing

P,Os in vacuo at 25 °C for 2 days. Differential scanning calorimetry (DSC)

measurement of the samples were carried out on a Thermo plus DSC8230 (Rigaku

Corp., Japan) under a stream of nitrogen gas at a heating rate of 10 °C/min. A solids

sample pan was used with cramping.

2.3.3. Deuteration and Fourier transformed infrared measurement
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Deuteration was carried out using a modified version of the method reported
by Nara'?.
Briefly, about 0.2 g of each sample in a 5 mL glass tube was stored in a desiccator
containing P,Os in vacuo at 25 °C for 2 days before the deuteration. The dried sample
was exposed to deuterium oxide vapor in a chamber where liquid deuterium oxide was
placed under low pressure for 1 day at room temperature. Each sample was then stored
in a desiccator containing P,Os in vacuo at 25 °C for 2 days prior to taking the
measurements. Fourier transformed infrared (FT-IR) measurements were taken using
an FT/IR-6100 (JASCO Corp., Japan) with ATR (attenuated total reflection) FT-IR
techniques. The spectra were obtained in the range of 4,000-400 cm™ with a resolution

-1 C e . .
of 4 cm™ and an acquisition of 8 scans in transmission mode.

2.3.4. Scanning electron microscopy observation
Surface morphologies of the samples were observed using a scanning
electron microscope (SEM) (JSM-5510LV; JEOL Ltd., Japan) with an accelerating

voltage of 20 kV. The samples were coated in platinum to prevent build-up of charge.
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2.3.5. Rate of water vapor sorption

About 0.5 g of each sample was placed in a 15 mL glass bottle. A relative

humidity (RH)-controlled 57% environmental chamber at 25 °C was prepared using

saturated sodium bromide solution. Each sample was stored in a constant RH chamber,

and the rate of water vapor sorption in the condition was determined by the weight

gain of the samples after storage for 3, 6,9, 12 and 15 h.

The test samples were fully dried in a desiccator containing P,Os in vacuo at

25 °C for 2 days before the determination. The samples used were as follows: (1) PM

with a CA:L-HPC ratio of 2:8 and kneaded granules with different amounts of kneaded

water (in a ratio of 10 to 30 by weight), (2) PM with an AA:L-HPC ratio of 2:8 and

kneaded granules with different amounts of kneaded water (in a ratio of 8§ to 24 by

weight), and (3) L-HPC kneaded granules with different amounts of kneaded water in

a ratio of 8 to 24 by weight)
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3. Results and Discussion

3.1 Evaluation of caffeine anhydrous preparations

Various kinds of caffeine anhydrous (CA)/L-HPC kneaded granules were

prepared according to the formulation shown in Table 1. Caffeine anhydrous was

dissolved in purified water heated to 80 °C. After mixing with L-HPC, the mixture

was kneaded for 3 min. The PXRD and DSC measurements were carried out to

evaluate the crystalline state of CA in kneaded granules and PMs. The results are

shown in Fig. 1 and Fig. 2, respectively.

As can be seen in Fig. 1, the PXRD peak due to CA crystals at 20 = 12.8°

disappeared in CL18W30, showing the amorphous state of CA in the granules. The

PXRD peak intensity at 20 = 12.8° was reduced in all other kneaded granules. Two

diffraction peaks observed around at 20 = 27° also disappeared in CL18W30, while in

other kneaded granules, these peaks became a single broad peak. Generally, when

the crystallinity of a drug was reduced, the peak intensities in PXRD patterns were

also reduced and/or the peaks became broad. It was found that the crystallinity of CA

in kneaded granules was reduced, and this reduction trend depended on the amount of
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purified water. Figure 2 shows DSC thermograms of various CA samples.
Endothermic peak was observed at around 150 °C for CA intact and PMs, where this
peak should be due to sublimation of CA in the cramped DSC pan'®. Endothermic
peak due to fusion of CA at around 240 °C was observed only for CA intact. In PMs,
a broad endothermal event was observed between 200 and 240 °C. In all kneaded
granules except for CL18W30, one broad endothermic peak was observed at
temperatures lower than the melting point of CA. CL18W30 showed no endothermic
peak, where CA was assumed to be in an amorphous state.

To investigate why the melting peak of CA disappeared or became broader in
PMs and kneaded granules, as shown in Fig. 2, sealed-heated samples (SH) were
prepared. The PXRD patterns of SHs are shown in Fig. 3. Similar to kneaded
granules, the two peaks around at 20 = 27° either disappeared (CL18SH) or became a
single broad peak (CL28SH, CL38SH). These results possibly indicated that the
crystallinity of CA in SH was reduced. Nakai et al. reported that when volatile drugs
are mixed with porous glass powder, there are 3 different states of drug aggregation

structure in the mixture depending on drug concentration'®.  Phase 1 is a crystalline
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state; phase 2 is a disordered crystal lattice state that exhibits a broad peak at
temperatures lower than the melting point on DSC charts; phase 3 consists of
amorphous state or adsorbed state in the porous region that exhibits no diffraction
peaks on PXRD patterns or no thermal events on the DSC charts. This phenomenon
was also reported to be dependent on the pore size of the porous glass powder, as
phases 2 and 3 occurring with a pore size of 20 to 500 A, and phase 1 with a pore size
more than 1000 A'”. In the process of heating PMs, two thermal events occurred.
With sublimation of CA, caffeine molecules interacted with the porous structure of
L-HPC till the pore volume was fully occupied, resulting in the amorphous state of
CA. In the case of CA intact, it was impossible to form amorphous CA as there was
no porous material in the matrix. The following thermal event was due to the
disordered crystal lattice of CA on the surface of L-HPC particles, corresponding to
the broad endothermic peak between 200 and 240 °C. These estimations were
supported by the PXRD patterns of SH shown in Fig. 3 and also by the fact that
L-HPC is a porous cellulose derivative with an average pore size of approximately

150 A®. The DSC results for kneaded granules (Fig. 2) showed similar DSC curves to
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those proposed by Nakai et al., namely, the presence of phase 3 (CL18W30) and the
presence of phases 2 and 3 (other kneaded granules). As a sublimation
point-derived peak was not observed in any of the kneaded granules, it was concluded
that dissolved caffeine molecules got into the swollen L-HPC particles during wet
granulation of CA solution and L-HPC, and that the interactions are taking place
inside the L-HPC particles.

To evaluate the molecular state of caffeine that interacted with L-HPC
molecules in kneaded granules, FT-IR spectra were determined for CA intact, PM
(CL28PM), and kneaded granules (CL28W10-CL28W30) (Fig. 4). The C=0
stretching peak positions at 1692 cm™ and 1641 cm™ for CA were not changed in PM
compared to CA crystals, but a slight shift to the high wave number was observed in
the case of each kneaded granule.  These results indicated that kneading with
purified water led to interactions between L-HPC molecules and caffeine molecules.

We focused on the amorphous domain of L-HPC and made use of the
deuteration method to evaluate the molecular state of L-HPC in kneaded granules,

which utilized the high exchangeability of OH to OD in the amorphous region.
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FT-IR spectra before and after deuteration are shown in Fig. 5. The OD stretching
vibration observed at around 2500 cm™ was due to the results of deuteration. There
were considerable differences in the OD-derived peaks depending on the relative
amounts of purified water and CA. Then, the areas of the OH-derived (3300 cm’™)
and OD-derived (2500 cm™) peaks were divided by the area of the CH-derived peak
(2900 cm™). Because the CH-derived peak does not change by deuteration, it
works as an internal standard. The results of the calculations are shown in Fig. 6.
There was overlap of the CA-derived peaks at 3106 cm-1 and 2951 cm-1. Thus, the
peak area ratio was calculated after correcting for the overlapping portion. As seen
in Fig. 6, the OD/CH ratio after deuteration decreased in relation to both the amount
of purified water (Fig. 6a) and CA (Fig. 6b). It has been reported that amorphous OH
increased when microcrystalline cellulose (MCC) was ground, and that interaction
was found between the amorphous domain and the drugs by co-grinding'®. As
L-HPC is an amorphous cellulose derivative even when not treated”, the decrease in
the OD/CH ratio after deuteration suggests that caffeine molecules interacted with the

amorphous OH groups of L-HPC when CA was dissolved in purified water and

-72-



kneaded with L-HPC.
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Fig. 1 PXRD patterns of caffeine anhydrous/L-HPC samples
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Fig. 3 PXRD patterns of caffeine anhydrous/L-HPC samples after sealed heating
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Fig. 4 FT-IR spectra of caffeine anhydrous/L-HPC samples
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Fig. 5 Effect of deuteration on FT-IR spectra of caffeine anhydrous/L-HPC samples

‘D’ attached sample codes show the deuterated samples.

Arrows show the position of the CA-derived peaks at 3106 cm™ and 2951 cm™.
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3.2 Evaluation of ascorbic acid preparations

In the next set of experiments, CA was replaced by more water-soluble
ascorbic acid (AA), various kinds of AA/L-HPC kneaded granules were prepared
according to the formulation shown in Table 1.  Ascorbic acid was dissolved in
purified water. The PXRD and DSC measurements were carried out to evaluate the
crystalline state of AA in kneaded granules and PMs. These results are shown in Fig. 7
and Fig. 8, respectively. As can be seen in Fig. 7, AA kneaded granules samples
showed a halo pattern unlike with CA (Fig. 1), whereas the PXRD peaks due to AA
crystals were observed in PMs. Figure 8 shows DSC thermograms of various AA
samples. Endothermic peak due to fusion of AA at around 190 °C was not observed
for all kneaded granules samples, while this peak was observed in PMs. Ascorbic
acid was assumed to be in an amorphous state (phase 3), different from the phase 2
state of CA.

The molecular interaction between L-HPC and AA in kneaded granules was
determined with FT-IR and the results are shown in Fig. 9.  In Fig. 9(a), the C=0

stretching peak position around at 1751 cm™ showed slight shift from AA
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intact in PM and kneaded samples, but there was no difference between
PM and kneaded samples. A remarkable shift to high wave number was
observed in each kneaded granule for the C=C stretching peak position observed at
1651 cm™ in AA intact, while there was nearly no peak shift for PM compared to the
AA crystal. Comparisons of FT-IR spectra before and after deuteration are shown in
Fig. 9(b). Great differences in the OD-derived peaks were observed depending on
the relative amounts of purified water and AA, just as seen in the case of CA. These
results indicated that kneading with purified water could lead to molecular
interactions between L-HPC molecules and AA molecules in a similar manner to
those seen between L-HPC and CA.

The differences in the molecular states of CA (mainly phase 2) and AA (phase
3) in kneaded granules shown in Fig. 2 and Fig. 8 were considered to be caused by the
different molecular states of the respective drugs in solution. AA has high solubility
(about 333 mg/mL in water at 20 °C) and dissociates after dissolving, while the
solubility of CA is about 150 times lower (about 2 mg/mL in water at 20 °C). The

formation of caffeine dimers and polymers has been reported to take place through
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self-association at high concentrations, similar to our experimental condition (greater
than 0.33% (0.15 mM))'”. Due to high levels of self-association under these
conditions, the interactions between caffeine molecules and the amorphous OH
groups in L-HPC should be suppressed, leading to mostly phase 2 molecular states in
kneaded granules. On the other hand, because AA is in a highly reactive state after
disassociation, an intense interaction with the amorphous OH groups in L-HPC was
found, leading to phase 3 states and the differences observed in the DSC curves. The
above results propose that when water-soluble drugs dissolved in water were kneaded
with L-HPC, the drugs interacted with amorphous OH groups of the L-HPC molecules,
which were in an amorphous or low-crystallinity state, depending on their molecular

state in the solution.
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Fig. 9 (a) FT-IR spectra of ascorbic acid/L-HPC samples
(b) Effect of deuteration on the FT-IR spectra of ascorbic acid/L-HPC samples

‘D’ attached sample codes show the deuterated samples.
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3.3 SEM observations

The morphologies of the samples were observed with an SEM (Fig. 10). Parts

of the CL28W30 surface exhibited needle-shaped crystals of CA, while the surface of

AL28W24 was smooth and no AA crystals were observed. These observations

support the differences in kneaded granules with regard to the reduced crystallinity of

CA and the completely amorphous state of AA.

Fig. 10 SEM photographs of caffeine anhydrous/L-HPC (a) and ascorbic acid/L-HPC (b) samples
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3.4 Rate of water vapor sorption

The OH groups in the amorphous L-HPC domain readily associates with
water molecules. When drugs interact with the OH groups, it influences the amount
of water vapor adsorbed. Thus, we investigated water vapor sorption in the presence of
drugs. The samples were exposed to water vapor at 25 °C, 57% RH, and the rate of
water vapor sorption was determined by weight gain. The changes in weight gain
over time are shown in Fig. 11. In all systems, the increase in the amount of kneaded
water caused the decrease in the rate of water vapor sorption.  The greatest
difference in the sorption rate was observed in AA kneaded granules, while L-HPC
alone showed only a small difference among samples.

Badawy et al. reported that the porosity and specific surface area of
microcrystalline cellulose (MCC) decreased when kneaded with purified water in a
wet granulation and that this decreasing trend depended on the granulation state
(undergranulation < overgranulation) *”. A similar phenomenon would take place
with L-HPC, because it has similar porosity to MCCY.  As L-HPC has higher

swelling property than MCC, its granulation should be more affected by the amount of
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kneaded water. That is to say, extrusion granularity increases depending on the

amount of kneaded water '>2"

and the granules shrink based on the amount of L-HPC
and kneaded water 2. This explains the decreased porosity of L-HPC in kneaded
granules and suppressed water vapor sorption (Fig. 11c). As shown in Fig. 11a and 11b,
this suppression of water vapor sorption was enhanced in kneaded granules that

contain drugs. The blocking of OH groups in the amorphous region by the drug

molecules could lead to a decrease in the water vapor sorption rate.
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Fig. 11 Water vapor sorption rate of caffeine anhydrous/L-HPC (a), ascorbic acid/L-HPC (b) and
L-HPC (c) samples at 25 °C, 57% RH

Values are expressed as the mean + S.D. (n = 3).
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Moisture acts as a plasticizer for polymers and amorphous drugs, and reduces
the glass transition temperature (7g) of the drug molecules’*. Furthermore, the
reduction of the intermolecular hydrogen-bonding band intensity at temperatures

above Tg***)

causes higher molecular mobility in amorphous saccharides. In this
study, the preparation of granules through kneading granulation by adding excess
water to the L-HPC could have decreased the 7g of L-HPC during granulation,
increased its motility, and produced a state more conducive to reactions with drugs.
Therefore, the drugs in solution interacted with amorphous OH groups and caused
intermolecular interactions that were dependent on the state of the drug in the solution.
AA, which is highly reactive in solution, produced firm interactions in an amorphous
state. On the other hand, as CA formed dimers and polymers in solution that had low
reactivity with L-HPC, the caffeine molecules interacted with L-HPC mostly in a
disordered crystal lattice state and partially in an amorphous state.

The characteristic 7g of dry L-HPC varies according to the measurement

method, but Gomez-Carracedo et al. reported it to be about 220 °C*®. The phase 2

states shown in the DSC curves of CA samples (CL28W10-CL28W30 and CL38W30)
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could be explained by the fact that the weak hydrogen bonds between the caffeine
molecules and the amorphous OH groups of the L-HPC molecules were weakened
around the 7g of L-HPC, which caused cancellation of the interactions. This
phenomenon suggests that caffeine molecules also weakly interact with L-HPC after
sublimation. No change was observed even above the 7g of L-HPC in CL18W30,
which had the lowest CA concentration among the CA kneaded granules, and all AA
kneaded granules samples, because they were in a completely amorphous state.
Onuki et al. reported that preparing AA and thiamine nitrate (TN) granules by
kneading with L-HPC and excess water improved the stability of the normally
unstable combination of these drugs despite both of them existing in an amorphous
state'”. The moisture sorption of L-HPC reduces water activity, and the reduced
amount of moisture around the drugs is thought to contribute to improvement of
stability. Considering this from the viewpoint of the results of this study, it is assumed
that AA and TN, which were in an amorphous state, interacted with the amorphous OH
groups of the L-HPC molecules, thus reducing intermolecular interactions between

drug molecules and increasing their stability.
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Conclusion

L-HPC, an excipient of the cellulose derivatives, is widely used in drug

formulations owing to its various characteristics. The results of the present study

clearly demonstrated the new potential of L-HPC. By wet granulation of L-HPC and

water-soluble drugs such as caffeine anhydrous and ascorbic acid, L-HPC could

interact with water-soluble drugs. The PXRD, DSC and FT-IR measurements

supported the possible intermolecular interaction between amorphous OH groups of

L-HPC and drug molecules, which can be maintained in an amorphous or

low-crystallinity state through their interactions. Further, we found that caffeine

molecules could interact with the porous structure of L-HPC via a sealed-heating

method. Thus, L-HPC should prove to be a unique carrier of drugs, apart from its

common use as an excipient.
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