200401169 A

R Y IR ETI SIS B &

N
|

Hin o BEEEFL T2 N -1 0 ARG
| WHoRERs€

5 2 782 BB L OIED A ) AN R T A B
DAY THEBYE I 3D < S Mk BRvE O REST

Rkl 6 FE KB - oEMTERES
EEMFE  SREL

YRkl 7 (2005) 444



BX

1. REVERESE
5 N BERIB LY 1 N ARBGETEARR O FRIEICE O REERRLEORET

I. SEHREKESE
GBHEEAR - FKTRBEIC LD RETHAVRY — AR OREROTMIZE T 255
KBFTEL

I FIgERROTITIC BT 5 — ¥

N. BAFRROTITY - BRI

12

17

18



BI7R3
FENFHARMYE (BEER - ERESRELF25 N0 I AREAMEFH)
PR

F NV BEHRBIUCEVA N ARBEFEANNOSFEGMEICH T £ ERRED
: HENT

EEWRE TEEL EYEERAMEEMAT HIMHE-BRE

NMR BLUFEENNRRT 25 THENEY N7 BSLDNAOKTEN 2 XET 285 Em0ED
FOABITEOWRHZRLEY, WIhbBEENOS THEIIEHEHL TWAZ EMBHLMNITAD,
WEEMOS TR ZEENE L THRVWZ MM ST, NV EPDNADELITEMNSHTE
BOZEERHETHIDOBEL L THATH I LA Mo e, T/, B-HI32 oV —F2FE2R
FI 2N ROFVCABL. FFEBHENAS LRI THEEEREORELHHTES 2 L85
BRIz, O, BHREMREAINEICE )RV - LARMIIBWT, URY— L P ROZES
KT 52 alioXBeARMBE THRLER, P ali3dif#FscBnTURY —LADBEEHNT

BU.&%%ﬁ%@ﬁﬂﬁﬁt%ﬁ%&a%@ﬁﬁﬁﬁ%&ﬁﬁ?%C&ﬁ%%#ttvt.

gl )

KRG EEHRE EERCEFARER
hmRE

MEES EEN ERBIERNE

A. TIRE®

FNIHEPLDNA 2EERELTIEHETS
7O OREBMRSFIMITED SN TNE M,
WHIENEREEDDERRENIEDL, E
BAOBERNRBETII—EORBE2ERLTVS
EWISEEHDORIELR LTRERLENER
W, ¥ HPL DNA R, BAHERNCREET
BESOHEEERILSTWEDIZ, B
TIN5 EHAFERRIME. TokeEhk
ERIFEICEHO T MW, R T, IE
ROBERENHLUTWBIET A N AMRETE
ABAELTOURY —ABHD, BARY
LRFRICADBERFNTY NI B %25
ELERBERIAIITOWT, 4FL LTS
EMICEEHEIMET BRI TE &%
BH&ET B,

E R HF D R/RE OB B L ML
R BIC BRI L - MR oS FREEE %
fiEL., FhizE W TlRIOLEEZFRIL,
KA OHFDHEEZRET D Z EOFHRMEDT,
R4 Z2REFLDHETEIN ONOIEIN—F

ORIEOHERICE > THEMDDH D, BHR
B EttidBE s L TOREREINT
W5, Tabb, AR EEREZNPTE
AR AERENRRICAH 3 BYRh K
EHRRES LT, 2T BEE2ERCTS S
ER R > THAIORES R TFRT 25 E0F
Bk, TOTEEREIRMATIE. ¥
NI BREBETIET AN A ETEA
WROLEEFTFMEE LT, SFEHE ORI
REISHEEHIT 20D OWEEREAT
5. AR, REBMEIERETEIONRIED
DNA O FEBEEFIHETI 0D, B
WEENETTHY N7 EBAB L EY
AW AERETEARBORREZ 85T,
FEEE, OBWEEREETIYONIE
BLUDNABAIE L TROELETHDEEL
SNOHERBERUKEMREL, FoN00P
DNADEEMEEZRT S EFE X SN D49 FiED)
EREIRHTSwoRmERHLE, T
bbb, FEANI CROBRMKIZEET 5
RERUEHERWT, SEEMNMIcERIh



BTG LU NMR EisRicRBEand
STEHOEEE, BORECL>THEEN
LEEEMOSTES LB L TERL, #8
S B LU NMR EmiEiE 5 DNV B
DNA OWEERBIESRITOTEBERIET S
HOEEELTHWE I EWTELINE DN,

FOEREEFELE. £/, @S IVORBIC
Lo THRENS T/ FrET 4 ORIZF N
EE 1 AFTOHURAD THTEREZNH
L. ¥ BORERERERET DRI
ERTHIEEHELT. EFNIONRIEB-
HSy L F—FERQTETFANT T
ORELEERIT DLW TERNRNET .

X5z, @QEEREOE W DNA BAMBOHRAEZ
B LT, dsEREAMERic L > TRMEEH

HYEY—AIDWT, HEREEKRIZE
By afoEEEEET EEbIT, URY
— LADBETFHADRPEERICRIEZTIFA
MR DERERFL.

B. WIFEAik

&Ny Bl REAoREE EXT D
STRMEOFEBJMASLY PIVEB LT
NMR A7 BIVEIZ & DH5E
BFROBRRBATFFALIEAWTHAML
=R O R 5 BEEERRICTONT,
STEMEEMB I NMR SR E OREKF
H&. HIAEBBET)H SN L misiEn
B OB B FE R e L 7z,
ERERLUETFANT 40k BRUTFR
FILOWMFTHBEAYIVE R T —A
(IMDICDWT, AFVREOEERMAAL -
A Y ARFIEERI(TL,) 2 S HBERM () 2R L.
ZOREKFEZFEENFHORERGFEL
L, £, BFEENARY FIVETNA
EMORSCHRATA 8Tk T, FEEN
HENCAIYN T 5Ty, PIEICERL, T, OEHE
EHEEL-, X 51z, DSC THAMOHN S A&k
RETYEREL. BRIZNAE T DENSHE
AR A SEIL . NMR 12k 5 HEERE () B
B d i -yl Sl 2 5 DA

SR BHAF /XY ETAEFTHENA
Ro4 )L O EEEHEORE

AZ U VEGMAMESTF A b T &R
TFLIHYIA—NMSIINT a E2RRL,
rEEBHTICEICES T, HHWITERRE
TLEDYLARRNLTY Ry 2 AREEEM
XE5 T EUEFEARICX TN FOS)
TA PO 7T EHAMLE, 5NN F
O )V &SR L%, BHEEEL. H#
WD R-HS 7 RV —EDREMN. N1 R
O N RaTAZ X olfidhah ek
HU7z. 2h. EEAERTFA NI F—FZ
FoTTFFEANS VESETHIEIIES T,
ENROB-HSo ¥ —EEHELER. 17

Fo Y At

B EEANEICEZURY - LAHEMNER
ERBICBRETEARORE

TR EAIEIC LB ) RV —LRMIZBN
T RV — AR TFREORERIINT 2 aiOR
BERESEDIC, URY—LABEK(FE15
mg/mLK) ZHEREBIC X DRRL., 2IkE EHAR
D aEEMA, i SEREORTFEOZEL
ERELE, £ 2OURY—LBBRIC 3k
EMA CEEERBITRTEKRNE T DD &,
)Ry — ARBR O BRI a HRIEIT
FME T LBOORTFREE LR L. S5
2, BEFHADRICETIEER. URY—-LE
EBHIC 75 A3 RDNAE & a SRATRE N A THES
EREARETW YRV —-LARBADTIAI R
DNA %PicoGreen dsDNAIZ - THIE L 7=,

(REENOKER)
FHATHWEEML, ERATVAOHT
0. REFmOMBERZVERELZ.

C. R

¥ N BESERMFOEERETET S
AFEMEZRETSDOEHRE L TORE
Sirils L NMR FEFNEFRE

FEZA RS BLIUIMT OWTNOFEBEE

RIZBWT Y, EHORED T, 1 Ty & D
20CIEVEEMEN SBRED EF & & biTEd
LHE®. TMETRELLBOERLE
(Fig.1.




FH AT BLUCIMT OEBEERER THE
NI T, OBMEPSHERLIZAZANT (D
R THIRR e ZEHHRL2Fig2) .
DAt EA L, MR ( Adam-Gibbs-Vogel
RIS T T, A55H) Lohal, FFAL
Z T TJT A 1.06 fHAT. ¥/ IMT T
T /T #2095 FfHAT, 7Ok Ry I FETO
L A DFEGFH BB (wpps ) EIFERIT A
F—DiEER L, TSTHENTh 1.06 BLU
095 XD ARZ< B &, T,MSEHRL i
tpes P70 EMASKREHANTEITBIZRS
7.

_I_=._..._A_7"cz_2. (v
TIP 1+4w,'T,

Tlpﬁ‘ 5 :‘-R&)t'.‘tc AR E R Trppg M 545h
HZEHAZHSMIITREDIZ. TOobhr Ry Y
YU ORAERBTSFUABRMARYS ML
n Bﬁﬂﬁ LTCTDES . %h‘:*ﬁ%?% Tlpa)ﬁ}:
L, T, ORAELEELEZ, IMT SR
BRRETERERINEHETHE & @A LEHs
T3IDDTNABHORRELTHIL, 3D

D& TNETNOLE f 2R 7 (Fig.3)
5\ Agwr,

"

(2

7 2
“1l+o7T,

/BenE3Do0r & ZHNVT, @ORIZHE-T
BODARYT FIVEE IWEGFREL:.

Ho)=S—I% @

2
&1+ 4w,

T, (120C) 2 HALBERBRICBNWTEHRL
7= W) DR BTN % Fig 4A VRS . s,
AR THAWEEAEITH S 57kHz 1B 5
J(w) DB EKFZ FigdB IR T.

KICAHEE N I OES LT Ty, OB/AME
- EAWT @RI T T, &AL (Figs),
FFA T CEREZREBIZIOVTHRERIC, &
BEMANY MHSRIE L owpes & THIC
1B%T B T, OEICERLEFigs) .

A 2.0

15 |
1.0 |
05

00

log T1, (ms)

-0.5

-1.0

2.8 3 3.2 3.4 3.6 3.8
1000/T

—
o
-~
no
(=]

log Ty, (ms)

0.8 0.9 1 1.1 1.2

Fig.1. T1p of freeze-dried IMT equilibrated
at 43%RH (A) and 60%RH (A) and T,, of
freeze-dried dextran 40k at 60%RH (O)and
75%RH (@), plotted against 1000/T (A)
and Ty/T (B).

IMT BXUFFART DN THEAEN
72 Tl TNENTYT 71 0.95 BLT 1.06 fF
BETHETEMANRY MM SEELE T OE
ERE-RLIN, TSTHRESRDE, BE
BIART P SOEEEMN SN, 10ms D
A—F-THEITBIC A/ . OT bR, &
EOETICHES T T kW T 3AL ALY
HEFERORENRE <D, T ANEDHLD
LHHNERIC L > THEREND D THELE
Zohs,

IMT BLOTFA b T > HifE R OS T
B, Ty & O DEWEE TR Ty IRk
TNRNREFFITENEDIZ, T, OENER
FLEMART DI SD Ty, OFFEEN S K



NN BH, T AHETHEENIE-BTD
Z M5, NMREHMMICRBREND S TH
. SEERNMICERENS SR EE
UA—¥—0Eiz b &EMaho .

1 1+ 402’
——=A.I(w)=-———‘ J(a;) (4)
1p Tlp(min)rc
: - “c;\
w*t? =05

1, B & Urpps KRR EN D TR, BT

TREINIEETosTESHLVERICH
DB AR LA, Wihb, SNk
aﬂﬁtu&ﬁﬁr@ﬁﬁk%<ﬁmﬁéﬁﬁ
KEEER L. TN5ORRIL 1 BE g
I RIRA N34 TEEN. BEEmOSTEE)
EREIL TR EERELTVSEEALN
B, 1, BE Uy DWTHD, HEEMOSTE
BEEEAELTOELICDMD ST, #hE
EIMOSTEHEBEHLTVD DT, BER
MOSTFRBOLLERETED ZEMNTN
o

0.8
06
) ‘f
co 0.4 = :-
S
P
02 r 4 l-' ; M
£ R
0 -."". d --"’. Tt "':'-"
1.E-02 1.E+00 1.E+02 1.E+04 1.E+06
Frequency (H2)
Fig.3. Dielectric relaxation spectrum of
freeze-dried IMT at 120°C (solid line). Dashed

lines represent three components of the Debye
relaxation used for the transformation of tpes to
Tip-

1.E-03
{A) :
; o]
: O ZNSAAAAA
1.E-04 | CapaS, ©
O % io
(3] :
| o o Q
1.E-05 b o
@t o i
X oo
A :
fa) :
1.E-06 : ' '
0.8 09 1 11 1.2
TT
1.E+02 |(B)
o
o
@ 1.E+00 | %
8
g
o 1E02 t :
u :
" s
1E-04 | )
1.€-06 ’& i : o
08 1 12 14 1.6
TT

Fig.2. (A) . for the methine carbon of dextran
40k at 60%RH (A), dextran 40k at 75%RH (O),
IMT at 43%RH (@) and IMT at 60%RH (4A)
calculated from the observed value of T+,.

(B) Comparison of the <. of methine carbon with
the toes of the proton-hopping like process for
dextran 40k (<) and IMT (@) determined with
dry samples at various temperatures, as well as
toes determined for dextran 40k at 25°C and
43%RH (M), 60%RH (%}, 75%RH (+) and Tpes
determined for IMT at 25°C and 23%RH {-),
43%RH (M), 60%RH (*). The relaxation time
of molecular rearrangement motion determined
calorimetrically (solid line) is also shown.



(A)

1.E+02

1.E-01

1.E-04

Jiw)

1.E-07

1.E-10

NN

1.E-13

1.E-02 1.E+00 1.E+02 1.E+04 1.E+06

7

1 1

150C
140
130
120
110
100
90
1

B
®) 1.E-05

1.E-07

1.E-09

J (57kHz)

1.E-11 |

Frequency (Hz)

1.E-13 -
80 130 180

Temperature (°C)

Fig.4. Spectral density calculated from dielectric relaxation spectrum of freeze-dried

IMT as a function of frequency (A) and at 57 kHz as a function of temperature (B).

(A
6.0 | ' -
: *
w40 } N
E :
-~ »
- H
= 20} :
o ® -l
Lo R :
00 E
2.0 1 i 1
0.8 0.9 1 1.1

1.2

€)

6.0 [

20

log T1, (ms)

0.8 1 12 1.4
T /T

1.6

Fig.5. Ty, observed at 43%RH (A} and 60%RH (O) for freeze-dried IMT (A) and that at 60%RH {O)
and 75%RH (A) for freeze-dried dextran 40k (B), compared with Ty, estimated based on the spectral
density calculated from dielectric spectrum ().

TN EHAF IFrET 4 BBETEINA

Koy N OREHE

Fig. 6 IZ v BRBEICE U ROy )L =
FEARSIRAIOR T THDOB-HS5 I b
Y —EEERRIE TSR OREETRT.

BBz F AL T iR U BED
Y. P TICHERETs & BT
b —EOEHER 0O%BEREIDLE. Fh
WL, 4%3 2 WL 6% D GMA ZE85L -5
FALIERBWTINT Bk Liz~1 2



OZ 7z 7iBWTHE. BEEEZREED 90~80%
OISy Y —FEEIBREL TV, ik,
CFeeFlAFEEShnH, BEET eV LADY
Rw 2 ZARBIZES TN Ry kL=< —1
ZORT7rTIeBWTH, FERCEENRERS
nTwk. LENST, N RaX s iiey
BT etk T, BHEERBDB-HF I M ¥
— P OEENIDHEND ZEMNASMITES .
B8-H5 7 ¥ —EOEFENEL GMA &%
OEWSILMEBERERLE. THhiE. GMA
BHRNENIZE, FILOBBENEIIEREIN
B, FFEARSF—HILEBTFANI ¥
DONEENEL . B-H5 7 b ¥ —EOHhH
MesicighhihoknEBbh3, 8-7
55 h Y-V OMBEOREILRLETHS
EEILLENS,

Fig. TKFFARI YA DZAT7ZTH5
D B-Ho o b ¥ —YORBERORERS %R
T, 4%D GMA ZEHLEZTFA RSV EAW
TNA RaX el 270X 72 7iZBW0n
T, e hR B-Ho o by —HDi
MR Eh, 20, o <0 &L
gashi, YVOBBOYA XBRENVED,
TAYOAT 27 OREMBHRDAENES-
HS o ko —EhEeMIBH LR Do
HymOAENLB-HS I R F—EHDo
SHERHLEbDEEZLNS, ERITHL
T. 6%D GMA #EMHLIETFA LT 2R
TN BOFELERAZJBAT7 2 7iTER
Tl 24 BROKEERAIEBNWTE- 32k
LA —EORBMTEEAEBERE o T,
B-HS5H by ¥ —EHNAT RS OREOH
-t DAENRTWA Z EAURB E N/,

HEEREARNEIC L THREEINSYRY
— LADMETBAPDRBLUEEN
HREREAMEFg NI L > THEINS
YRV —AORTFRIIRIET Y aioREER
SUAER. YalizlgIcERLEBST
BUNE <720 (Figd), FKMBHCHEmMUZES
TRYICKESBROEHET L I EABISHITR
- 7 (Fig.10). iz, BHEREKMAICL ST
Uy — ANEHRE D REZHEASLD
W, URY—LABEE TR, IFRILY /-

100 ¢ i‘

80
60

40

Activity remaining (%)

20 1

1 e -1

prior dextran  hydrogel Hydrogel
freeze— {4%) (6%)
drying

Fig.6. Effects of freeze-drying on
B-galactosidase activity

50 r —&— hydrogel (4%)
—&— Hydrogel (6%)
40
30 |
20

i0

ﬁ—GaIactosidase released (%)

= . —h—T—h,
0 5 10 15 20 25
Time (hr)

Fig.7. Release profiles of B-galactosidase
from dextran hydrogel microspheres

WEEEMNOEE, BREREKMUEER. C
OFEZBWTHURY—LAMREINE L
MBEEMCES, E5IT, ZTOBREIEBNWT
b, IBEBREIC al2ENLEZIESIHN)RY
— AP FERITNEL B ENREINE, E
F=. R — AADOBETEANRLEEEIZ
BRETIEEAROMEEZRN LZER. URY
— hHEOXREEMOEENKENI LIRS
h’z.
ZhETIR. URY— AR HEERITHE
FREMLUTEANTS EURY —LRTFEIRX
H#L<6T, HAShEEYRAREINTVS
LEZSNTER, LL, EMEEYRY—
A& DI EEGERE., BRI S &EDEH
AZTh, YRY—LAORTENRRKELRD L
W, —BRic YRy — A0S LR LEY
OEBYNLRTEH, URY—LOEENE



ETVWHLIREALNDS. £k, URY—LOD NI R — L OBEEE, BARFIRICENE
HHERBEBWTEEGETOURY —LD BREETBD, TOEEKKIERZLEZEYNY
BEEEM, URYV—LAONRI I JVREBIE RV —LRICEAT S LRI ND. T2bb.
gaxnehol, o T, BICL>TRHES BREEEELT20TIRES. BE—FC

<H$E85 12 B K F13% Dehydration Rehydration Vesicle (DRVE) >

&#BR

SaAfRLAIZER
| AN, MiIQAERD

| £ X Mliposome (MLYV) |

< Jo—7%

M EHEmES
I'l‘éL\—&mllposome(SUV) l

< M. sucrose

i, wE
ok ) A

—ax

A
|¥%i¢lliposome |

E2 FEBEICHITHIamnRE

7 —
8
TS5 T
=5
>4
il
R 2
" II l 5 F-
0 1 3 i L
MLV a b c d
a) MLV SEHE =ERR
b) MLV B EERR

CyMLV +ia¥F SUEEH ZEMR
d) MLV +3-a%% FES EIERMAT



ALTWAOTidhnwheHEINE. VS
B O REER, KOS TFEBENELTS
oS, B, FEAMERCRE<EE TN, HE
Bl hUNO—Al EofEANS &, FRA
SARBERD., [FEEALEIhD I &N
WwEINTNWS, LD, dik- 28T U
B — AP VIEEOSFIEHMEEREH
SENTZ-TEST, BYHAURY —LEZH
BEEmTA LR - AOBBOEE, T4b
B, FEE )Ry — LARIKEFELURETHES
EmIninO BEbe 5. —F5, HERE
Li=Z2) R — AOHERICEDBBREZAND &
HAZNEZEbBEINTVS, JOLDIT,
Hits  BRTRE, EOBBTYaiEnkd
BYERZLTWSMREASHTRhof. &
E=hS, aBidEEMORERRZED,
Ry — LABEOEENEIERRH D, TDER
NG ORFERETHLEZEAONE, &
7=, IEBBROFEEERIIBVWTHIRY —A
MABENZ &M, BEERFKNECS
W, BAMEIZDRY—LAREREHh, 20O
BicEYBR U RV —ARICHASNS T &R

mahiz,

D, %2

% >IN B DNA OB RBRI DR ENE
EXET AR ERBT2HEELT, &
EBEMAARY PIVEBEUNMRAARY bVE
NERTHLHIENHEMIR-T. ThED
FEEBWTY 2B DNA 2800 &
THEHBORELEBIIHBRICEET S
ZEMAEEICRD, ThSDEERE—EDMH
BeHTHHAELTASERORBIEREICH
WA EMNAEEICRDEZELILNS,

¥, F NI ER DNADONA Fay el

R —AMHNTDOWT, ¥ N B DNA ST

ORI EMRTEZ LT, NI E
2 DNA ORELRERETESL L LEZRETS
EROAMREBDIZEMNTERE. ZOXDITE
EHicERCEABEL S TFERENHTIZE
2k TH NI DNA ORELERSF
gL NS, ek, EXRELTERAL
TEhhoEl OBENEENE2E T84T
HMOMRBARICHENDEDDEEZIOND,

H3 HEsR L EKIBERICHITE aEnBE

14
12
E 10
S .
\-/8 r
] T I
6
5, 1 T+
: i
0 Iil| ! |-_||=||[—£1|
MLV e f g h i ]
e) MLV SEERNE LaitEKT
f) MLV HAEETIE SadEREAKH
g) MLV SHEFEREIER  KEKA
h) MLV HiEEE KEKH
) MLV +aff Saideig  KEBA
i) MLV a8 HEER  JKEIKAD



E. f&#h
NMR BLUOF BRI RS 55 FHENIT
& N7 %% DNA D& FEN 2 XET DGR

MOoSTEIL DERICEWRREZRL N

WThbEENOS TEHEHEIL TS
EHBESMTRD. BESMOS TR EZHE
MELTWAREWIbMrhET, FINTHP
DNA ORBITRNE ST EEHOLELERINT S
ZENTE, EEMFMOBESILTHATS
LI & ahot.

Fh, B-HSZ ¥ —EETFFARZI N
A4 RO VIcET 5 2 EIC & O SRR O
EERMETERZEMNREN. FIVOMBIC
Lo THEREINDT /FrET 4 OPIZF N
SBRELISFTOHCADZ I EITXST, ¥
IR R ORERNTETHS I EMNALMIC
roi.

X 5iT, HESEREARRMEIC L SDNAHA
R —A BRERIC L > TY RV —LBEKD
KITFREOZTLP, DNAOHEZ{IC L HERIEI
KREREEASTHIENHLMIRS .

F. GEEEfabRfliR
A4

G. WIERE

1. @R

1) S.Yoshioka, Y.Aso, Glass Transition
-Related Changes in Molecular Mobility
below Glass Transition Temperature of
Freeze-dried Formulations, as Measured
by Dielectric Spectroscopy and Solid
State NMR. J.Pharm. Sci., 94, 275-287
(2005).

2)Y. Aso, S. Yoshioka, Effect of Freezing Rate
on Physical Stability of Lyophilized
Cationic Liposomes. Chem. Pharm, Bull,,
53, 301-307 (2005).

3} T. Miyazaki, Y. Aso, S. Yoshioka, S. Kojima.

Ability of polyvinylpyrrolidone and
polyacrylic acid to inhibit the
crystallization of amorphous
acetaminophen. J.Pharm. Sci., 93:

2710-2717 (2004)

4) 8.Yoshioka, Y.Aso, S.Kojima.
Temperature- and glass transition
temperature-dependence of bimolecular
reaction rates in lyophilized formulations
described by Adam-Gibbs-Vogel equation,
J.Pharm. Sci., 93, 1062-1069 (2004)

5) Y. Aso, S. Yoshioka, S. Kojima, Molecular
mobility-based prediction of the
crystallization rate of amorphous
nifedipine and phenobarbital in PVP solid
dispersions. J. Pharm. Sci., 93, 384-391
(2004).

6) Yoshie Maitani, Koji Nakamura, and
Kumi Kawano, Application of
sterylglucoside-containing particles for
drug delivery, Current Pharmaceutical
Biotechnology in press.

7) C. Xiao, X. Qi, Y. Maitani, and T. Nagai,
Sustained-release of cisplatin from
multivesicular liposomes: potentiation of
antitumour efficacy against 5180 murine
carcinoma, J. Pharm. Sci., 93(7) 1718-24
(2004).

8) T. Nagamoto, Y. Hattori, K. Takayama,
and Y. Maitani, Novel chitosan particles
and chitosan-coated emulsions inducing
immune response via intranasal vaccine
delivery, Pharm, Res., 21 {4): 671-674
(2004).

9)Y. Hattori and Y. Maitani, Enhanced in
vitro DNA transfection efficiency by novel
folate-linked nanoparticles in human
prostate cancer and oral cancer, J. Contr.
Release, .79(1-3):147-55 (2004).

1008578, et~ 1ol a
> & DDS, EIED v —F )l Medical Front
Line, 40, 37-43 (2004).

11T Fan, K. Takayama, Y. Hattori, and Y.
Maitani, Formulation Optimization of
Paclitaxel Carried by Pegylated
Emulsions Based on Artificial Neural
Network, Pharm. Res., 21(9) 1694-1699
(2004).



12)M. Yokoyama, P.Opanasopit, T. Okano, Y.
Maitani, and K. Kawano, Polymer design
and incorporation method for polymeric
micelle carrier system containing
water-insoluble anti-cancer agent
camptothecin, J. Drug Targeting, 12(6)
373-84 (2004).

13) P. Opanasopit, M. Yokoyama,
M.Watanabe, K. Kawano, Y. Maitani, T.
Okano, Block copolymer design for
camptothecin incorporation into
polymeric micelles for passive tumor
targeting, Pharm. Res., 21(11) 2003-2010
(2004).

LR

Wﬂﬁﬂﬂmﬁéﬁ#ﬁﬁﬂﬂw
Sub-Tg HEIZBW B TFEHEOELICHT
% NMR 3B L OB EBMOREH Ok
HATRSLE 125 £4 (2005, 3)

NMHEE, MBI FEALI VK
WELEB-HI Y h i F—¥ OB RIET
HRERE I UCREOBY BAE®S
25 125 42 (2005, 3)

HEM BT, M8 £B VAU L HBERS
WH QBRI T DS TEMED I VRS

2T 7 U —OHMATERORN H
AZERNFLE 20 44 (2005. 3)
HFE =8, E@ BT 13C-NMREmEREH

EkEILzyzver8kty o /NIVE
F—=)L& PVP OMEEROBREN B REH %
25 20 2 (2005. 3)

5YEiE i, HM BIL, WE £5 3k
RE7ER7Z) RESEOERLICRIET
EY-ELTREEERORE BEEAF
£5 20 F& (2005. 3)

6) Yoshioka, S., Aso, Y. Effect of molecular
mobility as indicated by glass transition
temperature on
lyophilized

Association of Pharmaceutical Scientists,

insulin degradation in

formulations, American

10

2004 Annual Meeting (2004.11)

7 Aso, Y.,.Yoshioka, S. Molecular mobility
of solid dispersions of nifedipine-PVP as
measured by 13C-CP/MAS NMR.American
Association of Pharmaceutical Scientists,
2004 Annual Meeting (2004.11}

8)Yoshioka, S.,

simulation predict the glass transition

Can molecular dynamics

temperature of freeze-dried formulations?
Pharmaceutical Sciences World Congress
(2004.6)

ORMEZ. KBHH  EREHIEERRRTH
BFRZF—ICED2RELEEMRAR &
LT AIROE
HA KA 125 §2(2005.3)

100 KOBWETY, KBFHE  TI52 /1%
> A BAXEEHTI DI a0/
y =4y T 4 U REFIREDRE
A IEEaE 125 £2(2005.3)

1) BES—, KBEHE  H 7oA
)Ry — A BHI DR
HAIKELH 125 FF22(2005.3)

12) BRER. MEEZ, XEFE | AiuE
T HIxF L VHEETFHRREEREIFE
-V OBRBHRORE
BAFEERE 125 £2(2005.3)

13) BEE 2, KEHE EELEEMRES
I 5 REBENHEE A TFRY F—ORET#
HEAEDFE, 45 20 E A4 DDS F#£(2004.7)

14) EEAE. MEEZ, kEFE  RERG
WA LATA Y HAERE)RY — LR
R SH OB R
#5 20 B B DDS #£(2004.7)

15) JUBFAZE, BIE=, RB{FKR aNIR
Fravxzo-=EZRRERFVIEIHA
M FEE D R — LA BKID ANN T X507
Kaat
5 20 [E B DDS %#2(2004.7)

16) Yoshie Maitani, Saki Igarashi, Kyoko



Hayashi and Yoshiyuki Hattori Conference, May 11-15, 2004, Hsinchu,
Liposome complexed DNA and entrapping Taiwan,

DNA as gene delivery:Suicide gene therapy

using herpes simplex virus thymidine kinase. ~ H. HEIFTHHEOBIFREN

The 2nd Japan-Korea Joint symposium on 1. RErES

Drug Delivery and Therapy, Kyoto, Japan, A3

May29, 2004, 2. ERMERG
17 ) Yoshie Maitani, Takahiro Nagamoto, il

Yoshiyuki Hattori, Kozo TakayamaNovel 3. Z DAl

chitosan particles and chitosan-coated IAq

emulsions inducing immune response via
intranasal vaccine delivery. Pharmaceutical
Sciences World congress, Kyoto, Japan,
May29-June 3, 2004. '

18) M. Watanabe, K. Kawano, M. Yokoyama, P.
Opanasopit, T, Okano, Y. Maitani
Evaluation of camptothecin-loaded poly
(ethylene glycol-poly ({(aspartate ester)
copolymers as prolonged circulation time in
vivo. Pharmaceutical Sciences World
congress, Kyoto, Japan, May29-June 3, 2004.

19) P. Opanasopit, M. Yokoyama, M. Watanabe,
K. Kawano, Y. Maitani. T, Okano Polymeric
micelles as carriers for camptothecin:
influence of alkyl core, chain length and drug
content on incorporation and drug release.
Pharmaceutical Sciences World congress,
Kyoto, Japan, May29-dune 3, 2004.

20) Yoshiyuki Hattori and Yoshie Maitani,
Novel folate-linked nanoparticles for DNA
transfection into human prostate cancer and
oral cancer cells, 9th Liposome Reseach Days
Conference, May 11-15, 2004, Hsinchu,
Taiwan.

21) Yoshiyuki Hattori, Takahiro Nagamoto and
Yoshie Maitani, Induction of immune
response via intranasal vaccine delivery by
novel chitosan particles and chitosan-coated

emulsions, 9th Liposome Reseach Days

11



EAREMARHDE (ERTLRE TAFH)
(HER)FAREE

VR BATISIEIC X ARG T EHAYRY — A BAIOZ EOTBIZ B4 D R

(HRFRE  KEFHE BEHKFEERDCERTN

Uy — AD S E45 - Bk (dehydration-rehydration vesicle, DRV) fFRSRUE T, VR — A8REHR
W LS i AN T, R ER T BE YA XD NENERH AR — 2N R CED, LL, ZOFAR
RIS A EME AMEESR L 2O RENIALHITRo TR, ThETOBRENL, YRV — LR RIE
DR CREEE T REMEIL Lo TURY—ARBREN 7T, VEY— MRRETIT—
BETREE AR X o TUAY — A EEE R, AT B REN O TRV HRINT, KBTS
Cid, VR —ADF AELBR THOME, BAM (FSR) BIC RO TU o R ilmmL, VA — A0 FAX
OE{LLAN A HAERHETEILCEST, EOEABRL L affOREEACHICTHILZAN
LUz, WRY — ADATIRLARICE TS RO BE2 R ER, o EmRERICBO TR —
ADBERHVWTEERELZE D, BEEBRHOFATIFIBT 2L a i ORMIEELRE TSI LN
Bplzirats, Eio. BEHERIEOHREEMRIC LS THYRY — ABTAREN A EME, YRy — ARRE I

FERIC X - TURY —SENEEN, BRI ICE R RSN S ATaEEL AL,

A HZEE
IhETCHBETRRARETEAIRY— A
Xy F—ix, YR/ —bE DNA ZES L THEEHIT
FEFERAVLILTWS, —OFIETHRESK
AR E LIS EE U TR TFERBRKERDRD,
HERTHHEANRE T2, ¥, 2o 77 —%#
EFEFCAVWSLEE T DNA 2P CH
HiZ DNA SEEEFICL>THfREn5, ZThhbm

£D DNA 2R ALURY — LB ERRIANT,

EARKR BV TE RN DNA BAILN 2D,
L»PL,. ChETCREFER -BAR
( dehydration- rehydration vesicle. DRV) ¥ T
DNA FHAVRY—2BHFEREET5HE, FARE
DRFENRH 0.6 pm EXREL, IR EICH
WAZLILRTEE ThHoT-, LL, DRVIETY
afER AW TR T AL RN SRR T

20 DNA FAVRY —AIZR2BIEE#/ELTX
o

ZOIST, B RRBEARTHE T, VRV — A4
ARz R afia AT, HEHETHEY
ARXDINENEE AVRY — A58, ZOHE
WME AR a0 R ERALMIZER TR
(H1), ZThETOHTENE, YR —LEBIEDOH
RBERATREREFRMEIIL>TIRY — A
BRI 2ol I Mhb, YRY — L& —
EHRETRII Lo TESh, BAMBEICEERS
NADTRARVL RSN, AR TR, IR
V—LOEREIRE CHAME, BAR (FiR)
BioBWTiaiERimy, VRY —L0OYAXD
FEibeaneA #HARERETLHIEILEST,
TEME BB afEOREZRALMCTIIEE
REILT 5,




B, IR FiE

ARFLIRE BORE L > F > (EPC):
3L A7) (Chol)=2: 1 (mol ) Z /=,
ER1 IRV - LS EEEH 1.5 mg/mL K,
AEFEERIZLDREL. 2IFREFAERD Y
abfEMmA. &K - SHEHEMRL. RTEOEL
BTz, KiZ, FREOAR Y I lENATHE
HEIRBIOK TEAR AT o= bD &, A O
PRI a KB TEANEZ T DD
DR TRELEREELE.
ER2 (IBATSY - EREER 1.5 mg/ml)
23 a kB IRO.75 megml) 2 & L a
DERMBFECIZRSEDITMA, BEGENLE - B
KMEToM. AtA r28AT2ED. ©
20 mM F)bEA KB 1 mL 23 a8 0.75
mg ZENLIEEEZMA L BEREERL.
1/10PBS THAMT 24k E, @Y a ks
(0.75 mg/mL) & M A BRAEHLLRE L /215, 20 mM 7
WA VARBHETEAMT 2 BT, &
NS oMU, MFEREUEL., ANE1 H
ARERD, HESEMBICED IRV —-LD
HEZHEL®,
EBI IR —L~DBRIBFEAROAE #iE
FHAEIZHTIRET, VR — ARE IS
T ZAIN DNA & aSEE A A THRS SR F K
MEITH IR —LREADTFAIN DNA &
PicoGreen dsDNA 125> THRIE LTz,
YR — AORFEBLUREEMIX, BRI
B RCELEE R (KRBT (R I2 X HIEL -,
HARX VB EHAVR—A 1000 L 25
NHEL, VRV — A EEEBEM S ERC S END
ANEADHIEEE (Ex =485 nm/Em= 535
nm) PBLUTORERWTHEHBLE, VR —24%5
B 100 g L= 0.5%Triton #5#8% 100 ¢ LDz, Y
RY—LEREL, ERAOYTAELE,
# AR (%) =CHCLX 100
2B, Cf RYRY—LBEPDOAIN A DENE
WA, CLIXLEDIN L DR BELRT,
EERRA, BBLUE KMk oL+ 0kEE

. EEETFHEMSE(A AT F., JEOL
ISM-5600LVYIZ &0 THEZ L 7=,

B HMial LT, ENITHIM HepG2 #8A2%
iz,

C. TRt

DRV — LA OERPRTOMHEEE, HAEicbY
5 afiogs .

ER1OERELD, afiamiiaho =it
TRAEVYA ZOURY — Ao T=DIzkt
L. BERC aEmx 28 tiicoU R
V—=LIZHERFEE, LN IWHAL D)
RY—A¥Zizol. UL, BRINEICS o
EMATRHETHE, KEWY1L DY RY -4
Ko fz, TOZ &ML, YafitiRyRyY—
LDOBERMBIERMNS D, FOERMEL O
G ThsEEZSNE (B2, ®3).,
EBR2LD, BEARICY s kE N EEE
BEAMTIHEIIBENTS, YaFiiuRy
— LR OR RIS, BELEUBRY —4
DA XENEL L,

BRI RS «

KER2OFERLY, RO, O3 dtic, B FENE
EIZ LBV~ A B~ RS LI/ N E N
AEleh, fE# AEEEII AR AL
VRV — L THLIERHERE N, bt frnd
ALK 01 % Thole, ZOZEnD, IEEFI
WS a b KB IN A B A RT AR T3z ko T
URI— DB TEAILDFEREN, . 2
DOBREIZBDTHLaORMIc Lo TIRY—
LR FENPEL DT,

D. &

ZRETH, YR — AR IRIR O SRS B2 3R
LTHRARITHLUR — bR FRIT A&,
HASN-EMIMRAREhTWAEE L b T,
LinL, & ZBYR — Ll b I wRig . &
KRFTDLEMHHFASI, VR —ADRIFEN



KEApBI LT, —EAICVARY — A0 B B
FALEHOEBUEN ER T, VR —LbORE
DEETWAIREZLND, o, YRV —LDOH
REBRBIIPBVTEEEBRTOIR Y —LDEE
BREMNL, YR —AORZVREBIIB RSN
ot BT, HEIC Lo TRHES YR — A
- OEHEEE, BATREBENSEXTEY, £
O LEAITIER U EHRY R —LRIZEATS
LHERIND, Thbh, EREEEELTHIOT
R, AR —EICELL TWAO Ttk
gahi, VB0 FEDER, KDy FE
AL BIE, BB, EARFIERICREL
BEEh, WERIIN A —2REDHEZ AN
DL ERATRRIELERY | BBEENRE/LS
ATERBEINTWA, UL, R - R TIE.
DY — AR OV EEE O BT
LRI TROT, BOHAIRY — 2%
EEIRT AR —ADFEOTE, Tihabb,
IR YR Y — AP R LI ER CHAS R
ENEVOBELHD, — 7, WEERLEY
R — AOBMFRICEHBREANDEH ASH
ATEHBMEESNTWD, ZOENT, B -FHRT
11, COBRTCafERY OIOREREZLTHS
PRALHTRED o Tes AE, D, a¥ECidlE
HBREIOHEEMAZRD, YRV —LROEEMN
HIFER D HY, TOIERAREIMDIIFTERFTH
BrEZBNE, Fiz, BEEROBBEZRIIRBW
THURY —LARFARSNAZ M, HRETREK
FEICBWT, BARFIZUR Y — NI REN,
TORICES PR — AP ASNAEE L
hi=,

E &

URY— LD RILBRRICBIID a0 EER
~TRER . afE BRI B W TYRY — LD EE
EEHN TR SRS, SRR R OFKneE
RV aEORMIBEZEETIIERHAL
Mizlpodc, T BHBROBRFEERIZE>TH
YRy —ABABENDLIEND, IR —LEETE

HBEE R Lo TYR Y —AEENESNh, BXK
BT AR S NS ATREMEL R BN 2o T, AR
W ZORBREIZBITA L akEN, DNALUAR Y —A
OEEMICE OIS HEELTWENE, TXAN
VEOBSFOINETICHEM SN FED i
OFHEETHITTHTETHD,

F. BIZsE
1. ERICHEH
C. Xiao, X. Qi, Y. Maitani, and T. Nagai,
Sustained-release of cisplatin from multivesicular
liposomes: potentiation of antitumour efficacy
against S180 murine carcinoma, J. Pharm. Sci.,
93(7) 1718-24 (2004}.

T. Nagamoto, Y. Hattori, K. Takayama, and Y.
Novel

chitosan-coated

Maitani, chitosan  particles and

emulsions inducing immune
response via intranasal vaccine delivery, Pharm.
Res., 21 (4): 671-674 (2004).

Y. Hattori and Y. Maitani, Enhanced in vitro DNA
transfection efficiency by novel folate-linked
nanoparticles in human prostate cancer and oral
cancer, J. Contr. Release, .79(1-3):147-55 (2004).

T. Fan, K. Takayama, Y. Hattori, and Y. Maitani,
Formulation Optimization of Paclitaxel Carried by
Pegylated Emulsions Based on Artificial Neural
Network, Pharm. Res., 21(9) 1694-16599 (2004).

2. FRER

EHE BEURS B2 dtR RORE B
56 BLU MEL VAR —MIIDHABETD
FRRAPESITRELFE B, 55 125 422 (2004. 3)

E2 IEAN, RKE FE, 7Ty ALS
YR Y — LR OF R L O, 5 1254
£:(2004. 3)

TBER B2, KE i

R - AR S 1 A TERME SRR B SR 7
2F—DOBETEEREOTHME. 8 20[E B4 DDS
£:(2004.7)



IER HE, BB B2 RS HH
BREERRAT VA AL # AERAEIRY —
LAFEBR A OBZE, 5 20 [B] B A DDS 2=
(2004.7)

B AZE, Bl F£2Z,KE B o JEM
T — N VSRR LS A T i R i
YA — ABIFIOANNIC XA s

52008 B ADDS%E<4: (2004. 7)

fRES Bz, kA i, EEEHREMET &

BF~IF—IlLDRE LR EMR AR TR
FEORHMN, BARFEFEH 125 2 (2005. 3)

KA #RD, X8 FH. 770 /=40 A #E
ANEBETivAIum~ A av OBy —FoT g
VIRRLMBEMR. BAREESE 125 £
(2005.3)

RIE $—. KB EE v rae v AVRY
—AMFIORM, AARIEPSH1254E4 (2005.3)




© W o= M N - O

uIERER




AR OHITIZCHT 5 —5&

FRERA | s b g | EEEE [ BE (=Y | RS

1) S.Yoshioka, Y.Aso, Glass Transition -Related Changes in Molecular Mobility below Glass Transitio
n Temperature of Freeze-dried Formulations, as Measured by Dielectric Spectroscopy and Solid Sta
te NMR. J. Pharm. Sci., 94, 275-287 (2005)

2) Y. Aso, S. Yoshioka, Effect of Freezing Rate on Physical Stability of Lyophilized Cationic Lipos
omes. Chem. Pharm. Bull., 53, 301-307 (2005)

3) T. Miyazaki, Y. Aso, S. Yoshioka, S. Kojima. Ability of polyvinylpyrrolidone and polyacrylic ac
id to inhibit the crystallization of amorphous acetaminophen. J. Pharm. Seci., 93: 2710-2717 (20
{4)

4) S.Yoshioka, Y.Aso, S.Kojima. Temperature- and glass iransition temperature-dependence of bimole
cular reaciion rates in lyophilized formulations described by Adam-Gibbs-Vogel equation, J.Phar
mn. Sci., 93, 1062-1069 (2004)

5 Y. Aso, S. Yoshioka, S. Kojima, Molecular mobility-based prediction of the crystallization rate
of amorphous nifedipine and phenobarbital in PVP solid dispersions. J. Pharm. Sci., 93, 334-391
(2004).

6) Yoshie Maitani, Koji Nakamura, and Kumi Kawano, Application of sterylglucoside-coniaining partic
les for drug delivery, Current Pharmaceutical Biotechnology, 6, 81-93 (2005)

T C. Xiao, X¥. Qi, Y. Maitani, and T. Nagai, Sustained-release of cisplatin from multivesicular lip
osomes: potentiation of antitumour efficacy against S180 murine carcinoma, J. Pharm. Sci., 93(7)

1718-24 (2004).

8 T. Nagamoto, Y. Hattori, K. Takayama, and Y. Maitani, Novel chitosan particles and chitosan-coat
ed emulsions inducing immune response via intranasal vaccine delivery, Pharm. Res., 21 {4): 671-
674 (2004).

9Y. Hattori and Y. Maitani, Enhanced in vitro DNA transfection efficiency by novel folate-linked n
anoparticles in human prostate cancer and oral cancer, J. Contr, Release, .79, 173-183 (2004).

10)  KBFAE, BiEiEE~r 70~ g r&DDS, BRI y—F)WMedical Front Line, 40, 37-43 (2
004).

1DT. Fan, K. Takayama, Y. Hattori, and Y. Maitani, Formulation Optimization of Paclitaxel Carried
by Pegylated Emuisions Based or Artificial Neural Netwerk, Pharm. Res., 21, 1692-1697 (2004).

12)M. Yokoyama, P.Opanasopit, T. Okano, Y. Maitani, and K. Kawano, Polymer design and incorporation

method for polymeric micelle carrier system containing water-insoluble anti-cancer agent camplo
thecin, J. Drug Targeting, 12(6) 373-84 (2004).
13) P. Opanasopii, M. Yokoyama, M.Watanabe, K. Kawano, Y. Maitani, T. Okano, Block copolymer design
for camptothecin incorporation into polymeric micelles for passive {umor targeting, Pharm. Re
s., 21, 2001-2008 (2004).




Glass Transition-Related Changes in Molecular Mobility
below Glass Transition Temperature of Freeze-Dried
Formulations, as Measured by Dielectric Spectroscopy
and Solid State Nuclear Magnetic Resonance

SUMIE YOSHIOKA, YUKIO ASO

National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

Received 27 April 2004; revised 7 September 2004; accepted 14 September 2004
Published online 29 November 2004 in. Wiley InterScience (wwuw.interscience.wiley.com). DOI 10.1002 /jps.20244

ABSTRACT: The purpose of this study was to explore why changes in the molecular
mobility associated with glass transition, the timescale of which is on the order of 100 5,
can be detected by measuring the nuclear magnetic resonance relaxation times that
reflect molecular motions on the order of 10 kHz and 1 MHz. The molecular motions in
freeze-dried dextran 40k, dextran 1k, isomaltotriose (IMT), and a-glucose comprising a
common unit but with different glass transition temperatures, were investigated by
dielectric spectroscopy (DES) in the frequency range of 0.01 Hz to 100 kHz and in the
temperature range of —20° to 200°C, in order to compare with the molecular motions
reflected in nuclear magnetic resonance relaxation times. The ¢-relaxation process for
freeze-dried n-glucose was visualized by DES, whereas those for freeze-dried dextran
40, dextran 1k, and IMT were too slow to be visualized by DES. The latter freeze-dried
cakes exhibited quasi-de polarization because of proton-hopping-like motion rather than
a-relaxation process. The correlation time (t.} for the backbone carbon of dextran 40k and
IMT, calculated from the measured value of spin-lattice relaxation time in the rotating
frame, was found to be close to the relaxation time of proton-hopping~like motion
determined by DES (tpgs) at temperatures around glass transition temperature. The
timescales of molecular motions reflected in the 1, and 1pgg were significantly smaller
than that of motions leading to molecular rearrangement (molecular rearrangement
motions), which correspond to o-relaxation. However, the shapes of temperature
dependence for the 1. and tpes were similar to that of the calorimetrically determined
relaxation time of molecular rearrangement motions. Results suggest that the molecular
motions reflected in the t, and tpgs are linked to molecular rearrangement motions, such
that enhancement of molecular rearrangement motions enhances the molecular motions
reflected in the 1. and 1pgs. Thus, the 1pes and 1. can reflect changes in molecular mobility
leading to unwanted changes in amorphous formulations, and are thought to be a useful
measure for evaluating the stability of formulations. © 2004 Wiley-Liss, Inc. and the
American Pharmacists Association J Pharm Sci 94:275-287, 2005

Keywords: dielectric spectroscopy; solid state NME; freeze-drying; relaxation time

INTRODUCTION

Amorphous pharmaceuticals, as opposed to crys-
tals, reveal various modes of rotational and
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diffusive motions leading to molecular rearrange-
ment that may bring about unwanted changes in
the system. These motions leading to molecular
rearrangement (hereafter referred to as molec-
ular rearrangement motions) exhibit an average
relaxation time on the order of 100 s at the
calorimetric glass transition temperature (7).
Furthermore, the average relaxation time
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