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and (+)-NTR, respectively. Despite its vicinity to the asymmetric
carbon, carbonyl group of (—)-NTR and (+)-NTR showed same
spectra even in the presence of HPMC. Likewise, no difference
in spectra between solid dispersions of (—)-NTR and (+)-NTR
containing HPMCP was observed (data not shown).

Fig. 9 shows the spectra in the range of 3650-3150 cm~!, cor-
responding to NH stretching vibrations of nifedipine derivatives
(Konno and Taylor, 2006), where the changes in peak position
were obvious upon mixing with polymers as solid dispersions.
There were also no obvious differences in the spectra between the
two enantiomers. The peak around 3350cm ! was assigned to the
NH stretching vibration that was expected to be involved in the
hydrogen bonding between the drug and a polymer. The peak posi-
tion was shifted from 3360 cm™! to 3337 cm™! by amorphization,
and additionally shifted to 3291 cm~! in the presence of 50% PVP
(Figs. 9(b) and 10). On the other hand, for solid dispersions prepared
with HPMC and HPMCP, the peak position showed a degree of shift
to a higher wavenumber (Figs. 9(c) and (d) and 10). The peak posi-
tion for solid dispersions with 75% HPMCP was nearly equal to that
of the pure NTR crystals. These changes in peak position showed
the same tendency for both (+)-NTR and (-)-NTR.

4. Discussion

The overall crystallization of (—)-NTR proceeded faster than that
of (+)-NTR in solid dispersions with HPMC or HPMCP (Fig. 2(c)
and (d)), while that for solid dispersions with PVP proceeded at
almost the same rate, regardless of NTR chirality (Fig. 2(b)). The
nucleation rates of (—)-NTR were greater than those of (+)-NTR
in solid dispersions with HPMC or HPMCP at 50-70°C (Fig. 5(b)),
while no difference in nucleation rates between the NTR enan-
tiomers was observed for solid dispersions with PVP (Fig. 5(a)). The
T, values for samples using (—)-NTR or (+)-NTR were almost the
same (Table 1), suggesting that the differences in the overall crys-
tallization profiles and nucleation rates between the enantiomers
are not due to differences in molecular mobility between (- )-NTR
and (+)-NTR in solid dispersions with HPMC or HPMCP. The dif-
ference in physical stability between the two enantiomers may be
explained by the difference in strength of NTR-polymer interac-
tion between them. The results obtained from FT-IR measurements
indicate that PVP interacts with NTR through hydrogen bonding at
the NH moiety of NTR (Figs. 9 and 10). Almost the same degrees of
shift in wavenumber for NH stretching suggest a similar strength
of hydrogen bond interaction for (—)-NTR and (+)-NTR. PVP poly-
mer chains possess an asymmetric carbon in a monomer unit, and
are composed of monomer units with an equal ratio of R and §
configurations. Therefore, (- )-NTR and (+)-NTR are considered to
interact with PVP through hydrogen bonds of the same strength and
number, resulting in a similar degree of physical stability between
(—)-NTR and (+)-NTR. In contrast, HPMC and HPMCP are cellulose
derivatives that are polymers of optically active p-glucose, and thus
are expected to interact differently (strength and/or number) with
NTR enantiomers, resulting in the difference in physical stability
between (—)-NTR and (+)-NTR, although differences in interaction
were not detectable by FT-IR. At 40°C, however, the differences in
physical stability between the enantiomers with HPMC or HPMCP
were not remarkable (Table 2, Fig. 5). We do not have a satisfactory
explanation for the loss of the difference in stabilization by HPMC
and HPMCP. However, one possible explanation is as follows: The
temperature dependence of the nucleation rate exhibits a maxi-
mum just above T because the nucleation rate is influenced by both
molecular mobility and thermodynamic factors; an increase of tem-
perature increases the molecular mobility, and thus the nucleation
rate, whereas nucleation is thermodynamically favored at lower
temperatures. A barrier due to molecular mobility is considered to
play a predominant role in nucleation within the temperature range
below the maximum point (Hancock and Zografi, 1997; Andronis
and Zografi, 2000). Therefore, loss of the difference in physical
stability between the enantiomers at 40 °C may be due to the pre-
dominant contribution of molecular mobility, since the molecular
mobility is suggested to be similar for (—)-NTR and (+)-NTR in solid
dispersions, as indicated by the T values (Table 1). However, phys-
ical stability data at temperatures below 40 °C, which are difficult
to obtain within the commonly used experimental time scale, are
needed in order to support this speculation.

In contrast to the nucleation rates, no significant difference
in the crystal growth rates between the NTR enantiomers was
observed for solid dispersions with HPMC or HPMCP (Fig. 7). The
crystal growth rates for solid dispersions with HPMC or HPMCP
were similar to those for each NTR enantiomer alone, indicating
that the effects of HPMC and HPMCP on the crystal growth rate
were small. This might be one of the reasons why differences in
the crystal growth rate between the NTR enantiomers could not be
detected in solid dispersions with HPMC or HPMCP.

It may be worth to note that PVP decreased the crystal growth
rate of NTR enantiomers more than HPMC and HPMCP at all the
temperatures studied (Fig. 7). On the other hand, PVP did not always
decrease the nucleation rate of NTR more effectively than HPMC or
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Fig. 8. FT-IR spectra of crystalline (=)-NTR, solid dispersions of NTR enantiomer containing HPMC, and HPMC alone. HPMC content was (a) 25% (b) 50%, and (c)75%. Dotted
line in (2) represents the spectrum for crystalline (—)-NTR, and dotted line in (c) represents the spectrum for HPMC alone. The spectra with an asterisk are those of (- )-NTR.

HPMCP. For example, the nucleation rate of NTR at 60°C was fol-
lowing order; (~)-NTR, (+)-NTR ~ (- )-NTR-HPMCP > (— )-NTR-PVP,
(+)-NTR-PVP > (—)-NTR-HPMC > (+)-NTR-HPMC, (+)-NTR-HPMCP
(Fig. 5). PVP seems to decrease the crystal growth rate more effec-

(a)
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* 0% (amorphous)
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Fig. 9. FT-IR spectra of (a) crystalline and amorphous NTR enantiomers, and their
amorphous solid dispersions with (b) PVP, (c) HPMC and (d) HPMCP. Percentages
represent the weight percentage of polymer in the solid dispersions. The spectra
with an asterisk are those of (- )-NTR.
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Fig. 10. Changes in FI-IR peak position showing the NH stretching region. +: (~)-
NTR without polymer (crystalline); x: (+)-NTR without polymer (crystalline); A, &:
without polymer (amorphous); O, B: HPMC; 0, ¢: HPMCP; O, @: PVP. Open symbols
represent (—)-NTR and solid symbols represent (+)-NTR.

tively than the nucleation rate of NTR, whereas HPMC and HPMCP
decrease only the nucleation rate of NTR. The reason for the dif-
ferent stabilizing effects of the polymers for the nucleation and
crystal growth of NTR is not clear. The growth rate of NTR may
only be decreased by strong interactions such as hydrogen bending
between NTR and PVP, which is detectable by FT-IR (Figs. 9 and 1 0).
Weak drug-polymer interactions, which are not detectable by FT-
IR, may decrease the nucleation rate of NTR, as well as hydrogen
bond interactions between drug and polymer.

5. Conclusions

Using NTR enantiomers as model drugs, the effects of stere-
oselective drug-polymer interaction on the crystallization rate of
amorphous solid dispersions were elucidated. The chiral polymers,
HPMC and HPMCP, retarded the crystallization of (+)-NTR more
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effectively than that of (~)-NTR. The difference in physical stability
at 50-70°C would be due to stereoselective interaction. Stereose-
lective interaction affected the nucleation process more markedly
than the crystal growth process. Since the stereoselective interac-
tion between NTR enantiomers and HPMC or HPMCP would have
been relatively weak, the impact of the interaction on the physical
stability of amorphous NTR solid dispersions was obscure at room
temperature.

Acknowledgements

Part of this work was supported by a Grant-in-aid for Research
on Publicly Essential Drugs and Medical Devices from the Japan
Health Sciences foundation.

References

Andronis, V., Zografi, G., 2000. Crystal nucleation and growth of indomethacin poly-
morphs from the amorphous state. J. Non-Cryst. Solids 271, 236-248.

Aso, Y., Yoshioka, S. Kojima, S., 2004. Molecular mobility-based estimation
of the crystallization rates of amorphous nifedipine and phenobarbital in
poly(vinylpyrrolidone) solid dispersions. J. Pharm. Sci. 93, 384-391.

Chutimaworapan, S., Ritthidej, G.C., Yonemochi, E., Oguchi, T., Yamamoto, K., 2000.
Effect of water-soluble carriers on dissolution characteristics of nifedipine solid
dispersions. Drug Dev. Ind. Pharm. 26, 1141-1150.

Haddadin, R., Qian, F., Desikan, S., Hussain, M., Smith, R.L., 2009. Estimation of drug
solubility in polymers via differential scanning calorimetry and utilization of the
fox equation. Pharm. Dev. Technol. 14, 18-26.

Hancock, B.C., Zografi, G., 1997. Characteristics and significance of the amorphous
state in pharmaceutical systems. J. Pharm. Sci. 86, 1-12.

Hirasawa, N., Ishise, S.. Miyata, H., Danjo, K., 2003a. Physicochemical charac-
terization and drug release studies of nilvadipine solid dispersions using
water-insoluble polymer as a carrier. Drug Dev. Ind. Pharm. 29, 339-344.

Hirasawa, N., Ishise, S., Miyata, H., Danjo, K., 2003b. An attempt to stabilize nilvadip-
ine solid dispersion by the use of ternary systems. Drug Dev. Ind. Pharm. 29,
997-1004.

Hirasawa, N., Ishise, S., Miyata, H., Danjo, K., 2004. Application of nilvadipine solid
dispersion to tablet formulation and manufacturing using crospovidone and
methylcellulose as dispersion carriers. Chem. Pharm. Bull. 52, 244-247.

Huang, J., Wigent, RJ., Schwartz, |.B., 2008. Drug-polymer interaction and its
significance on the physical stability of nifedipine amorphous dispersion in
microparticles of an ammonio methacrylate copolymer and ethylcellulose
binary blend. |. Pharn. Sci. 97, 251-262.

Karavas, E., Ktistis, G., Xenakis, A., Georgarakis, E., 2005. Miscibility behavior and
formation mechanism of stabilized felodipine-polyvinyipyrrolidone amorphous
solid dispersions. Drug Dev. Ind. Pharm. 31, 473-489.

Karavas, E., Ktistis, G., Xenakis, A., Georgarakis, E., 2006. Effect of hydrogen bonding
interactions on the release mechanism of felodipine from nanodispersions with
polyvinylpyrrolidone. Eur. J. Pharm. Biopharm. 63, 103-114.

Kim, EJ., Chun, MK, Jang, .S, Lee, LH., Lee, KR, Choi, H.K., 2006. Preparation of
a solid dispersion of felodipine using a solvent wetting method. Eur. J. Pharm.
Biopharm. 64, 200-205.

Konno, H., Taylor, LS., 2006. influence of different polymers on the crystalliza-
tion tendency of molecularly dispersed amorphous felodipine. J. Pharm. Sci. 95,
2692-2705.

Marsac, P.J., Shamblin, S.L., Taylor, L.S., 2006. Theoretical and practical approaches
for prediction of drug-polymer miscibility and solubility. Pharm. Res. 23,
2417-2426.

Marsac, PJ., Konno, H., Rumondor, A.C., Taylor, LS., 2008. Recrystallization of nifedip-
ine and felodipine from amorphous motecular level solid dispersions containing
poly(vinylpyrrolidone) and sorbed water. Pharm. Res. 25, 647-656.

Marsac, PJ, Li, T., Taylor, LS., 2009. Estimation of drug-polymer miscibility and
solubility in amorphous solid dispersions using experimentally determined
interaction parameters. Pharm. Res. 26, 139-151.

Marsac, P.J., Rumondor, A.C., Nivens, D.E., Kestur, U.S., Stanciu, L., Taylor, L.S., 2010.
Effect of temperature and moisture on the miscibility of amorphous dispersions
of felodipine and poly(vinyl pyrrolidone). J. Pharm. Sci. 99, 169-185.

Matsumoto, T., Zografi, G., 1999. Physical properties of solid molecular dispersions of
indomethacin with poly(vinylpyrrolidene) and poly(vinylpyrrolidone-co-vinyl-
acetate) in relation to indomethacin crystallization. Pharm. Res. 16, 1722-1728.

Miyazaki, T., Yoshioka, S., Aso, Y., Kojima, S., 2004. Ability of polyvinylpyrrolidone
and polyacrylic acid to inhibit the crystallization of amorphous acetaminophen.
J. Pharm. Sci. 93, 2710-2717.

Mivazaki, T., Yoshioka, S., Aso, Y., 2006. Physical stability of amorphous acetanilide
derivatives improved by polymer excipients. Chem. Pharm. Bull. 54, 1207-1210.

Miyazaki, T., Yoshioka, S., Aso, Y., Kawanishi, T., 2007. Crystallization rate of amor-
phous nifedipine analogues unrelated to the glass transition temperature. Int. J.
Pharm. 336, 191-195.

Rumondor, A.C,, Marsac, PJ., Stanford, L.A., Taylor, LS., 2009a. Phase behavior of
poly(vinylpyrrolidone) containing amorphous solid dispersions in the presence
of moisture. Mol. Pharm. 6, 1492-1505.

Rumondor, A.C.F,, lvanisevic, L. Bates, S., Alonzo, D.E., Taylor, L.S., 2009b. Evaluation
of drug~polymer miscibility in amorphous solid dispersion systems. Pharm. Res.
26, 2523-2534.

Suzuki, H., Sunada, H., 1998. Influence of water-soluble polymers on the dissolution
of nifedipine solid dispersions with combined carriers. Chem. Pharm. Bull. 46,
482-487.

Tanno, F., Nishiyama, Y., Kokubo, H., Obara, S., 2004. Evaluation of hypromellose
acetate succinate (HPMCAS) as a carrier in solid dispersions. Drug Dev. Ind.
Pharm. 30, 9-17. )

Tao, }., Sun, Y., Zhang, G.G., Yu, L., 2009. Solubility of small-molecule crystals in poly-
mers: D-mannitol in PVP, indomethacin in PVP/VA, and nifedipine in PVP/VA.
Pharm. Res. 26, 855-864.

Telang, C.. Mujumdar, S., Mathew, M., 2009. improved physical stability of amor-
phous state through acid base interactions. J. Pharm. Sci. 98, 2149-2159.

Vippagunta, S.R.,, Maul, K.A,, Tallavajhala, S., Grant, DJ.W.,, 2002. Solid-state charac-
terization of nifedipine solid dispersions. Int. J. Pharm. 236, 111-123.

Wang, L., Cui, F.D., Hayase, T., Sunada, H., 2005. Preparation and evaluation of solid
dispersion for nitrendipine-carbopol and nitrendipine-HPMCP systems using a
twin screw extruder. Chem. Pharm. Bull. 53, 1240-1245.

Wang, L., Cui, F.D., Sunada, H., 2007. Improvement of the dissolution rate of
nitrendipine using a new pulse combustion drying method. Chem. Pharm. Bull.
55,1119-1125.



* —:{Jﬁ 4:&:&5 '.{I ’J -v{

FUSHIC

SEP6LE AR RS A (LT R 16) L3 10235 3 H 24 1L

SR IVAEEE R [T 5 SRR b/ AT/ 1 6 I AV /5

me e - El . 5 JLZ a0 Wi S % S
O RED K E LA FAL RIS Ck

..... DN b/

1o v f‘—‘—?'““ . ", “/)}
gﬁ

Wholly Rewswn of General Rules for Preparatxons in JP16 and its Impact

B EESAR GG AR

e B

TORU KAWANISHI

National Institute of Health Scicnces

kaid
\
\
N
<

Oy I NN
vy s i,

Moo Gzl Cdadh o AR 7 oo fifia i L e 1o LAl iz i, g Qv Aosh, i

BR-COLH 2400 S W A L ER L, EREI PEETRYLS e b Ao Y
DO R L 72 10, AR A R A LT A LasaALYSALS ALY HLGIS Cidie

T —— ke £ig it
S & D 2oy RS - Wk,

e, . e AR s s T 8 T o
P20 Tay s WEHEHroENIE

Ay s i PEACER I L BB p B IR

{ ESC miidk A 7T 12
Adiy Clk 4 mduf’{ 158 Saa S WS i VA A

= OP A S EOE R, S iR SRR L

1 HIEDOEH

: t e T T s '
! [ A by ook iy 55 & 3
{
L > lp tr AT I 1 R R S PR £ ey 4 i
e o~ T < F Lo, ] Rl
A5 7 . e
A NS R E =
AR

S R T aR & 1 TR I " i TS PRI B T R TR
o VUV BRI A A W A Rl T

P 7 3008 e S0 i A Db LE fz D Aoy 2

U R A A

ts ¥ C AR 1 | B
,‘},\, * - dil L

T

b ,A-._,\',’,

] '.J!p

2o

LN st 4 i
AL MY I R
¥ .‘~ i xl,,”,j /‘ L’. S/ ). $ :
ok
iy ¥
it/
v WSl =

SrCEL L AL N

Wi filio W) /e 02 0% %

Y5 X}
TS
>

h

PHARM TECH IAPAN @ Vol.27 No.8(2011) f15(1511)



D 2
HRSHONERES LU TOEE

o
S

gy
~

I :m;zr—--;nﬁénruwmmmr 15 £ T 1

SiH V25 G U 24T
Pl ot WAL FLEEEL) -
ol EE WA, o g ]

2 MO A B & FESE ALV e e e

PoT b 2 it A AR 2 B S Y oop
LRI R el LR 108 B/ AR Y K LA el L 7z

P2zl Wl WURLAL MRS 0Ci,
DY A e

| A E e s A b R OG5 22 0 i W L

I A N AR A Ao o L e 3 g R I S R o
{ M‘ }2- ,,xl\..‘,",-'l"l‘]1r v !y"i‘m E AP Al T OF air L’;Li da

3 HFEOREDERT

A A LS Ch S

16¢1512) | PHARM TECH JAPAN @ Vol.27 No.82011)

T R AT 3 C  Fof s, PR

it SARIN
ain LR A

#1

e LAY EL & S A e B L b 2

RERBBIUERBUC & SRA FHEGHBTHORTS

0)?::5?’2%::&0:@%‘&5{1 SHEE L TE R BHBHY

n,lLl:x]

‘
i
~
«
Pl
&
~
-




115k
| SEOREL T Lo p iR gy il NS MR BEnoE Rt - FRILRe |
! 3. S UIEET AN 10. BT 587
3L sl 101
3L 102, H A2
3. 11. Iiih"ké:k;._%?@a@ﬁ :
3 L1 SR A 2 i
it 4. B ILLL S 70 I
120 Bl L 12 s 8.
13 gl f. 2l 7= paf ¢ YL A A
131, R L faz ' L
11 uLu‘] 5. 41 .&,'
15 3. *'i w* L
3. it 1
3 L
! & o
; 6. Bl
i o 14 61
17 SRS — A 6.2,
[-1=
24 i:lhmt..:_)ﬁ‘é’e&ﬁl 71 A 3 4
2 8. RCHEET B! I
i 81, fuy _’
: S0 3.4
s12 I
| 9. BRCART 347 -y ;
i a1, S| T'
92 IR AE A IS |
93, {ERH |
| |
1 HEIGMHHERICSVOTRAEZSRICH T AN, 5LUBB1SIKOFE
SRR T 0 rxu,r:‘umrlfu SRR, AVAHIOAIBIE SR LT L Cud A e i o
Y ARSERSI G S AN V& =R TN AT} EX

GMPHIEN 7 F FRHEEHE

m%‘xsﬁf@%ﬁ@%fm&%wo%<

LSV —7 3 NP F R A TR B 92 B 3 Ch— S TR — h

g~kgX TR M
BHE. BE. N TYvR
Bocit. FmociEZn

T302-0104 ZEETFEH ARy E—TB2EM#1
NTFFE-ET1 1 0297-45-6761 FAX : 0297-45-6353 Email

HSHKQH

http:/www.ils.cojp

. A AMERICAN PEPTIDE COMPANY

» SHLAREICHIT b
%‘“‘ .
II 57 w 703(,\11’ G I F R
s @I/LHhZ @ 3-Amyloid (1-42)
@Il @Exendin(9-39)
@/ ILHT :
.7ﬁb')>§§§j% FEOL BRTIFVRNTFR
.711115‘&!}:/@‘5%@ ‘THES S S eiE TR M/ D i 1 ¥

AILS

Initiative for Life Sciences

Total Peptide Management ™

D apc-japan@ils.co.jp

PHARM TECH JAPAN @ Vo!.27 No.8(2011)

DMATH A = Fe192

17(1513)



L B
HASAONTABS SUZORYE

2 WHEE] (4)

4 ERFIRAIDERE

e v/ 11 (Dol '.>,~.,‘ . 38
RIS P B ENG HE E

3 r; {u‘,n id] (}» ;,:_ ‘,: Ll S E b -;,-._’, 1" T ,.{'_-! C ‘,_‘71 "I’H“E”L; f‘ *,4. "i’%i ool X ::—{;,m Ii"l o )yl
LRt -~ 11
LR e ¢
i s
: PRUS I N
LE BE

IR~z

{ IR 7 st 2o faned TN T
LS FT U S R TR Pt G B Y S R R B
i
B2 (R SR AN L Y (TR At R F R FEIMA LD Fi AU U S B BB B e
PPN LR 31 TR R I P L - AP SAp0 BRI 20 A Y s il
GRS I N SaNT b AP N RN U PN I
£ t ] A lilje (15 D% o g B - Y AT L 4P ] = S
5 LB PR i S Wl DA S D 2L

) Y il R AL

i
HOWRH T, A
|

A I B A A Bl A I A ekt S L o T X7 GEEE TS24 HC, B, AUy Ak
baoa, HEISOT7 X6 HIGTIENNTE 2o 720 B YA MO W E L Ciud L

Flosighionhnng A s A i S
1 WHIEE (9)

+ BdFEEY (3) LS Lo Gy &9,

Pha 705 oDl

% )
13, kg
DR TR B AU oo £ S SR DR S
s 7 Y oy ULk §ec SRS b}
sy p Sk fLTy ;. 1
PN/ oh S IHYYE G2
- M -Fl1EA I e & & b y o s i
e (R B S S e L R PR R ¢ G R {Fier e
- oLl ) o s s
Vo -
\ S G

1801514) | PHARM TECH JAPAN @ Vol.27 No.812011)



@ A

IR EN S E I o M S e

6 =EIS=

S Rl

SRR AR L O e 2o o0 AN LT

Gillzey g, KU, 50140

Gl x:ii L7z 7t ’i}!} iiz"j.)ni_‘ i“(: 2o

sivZsollinds R ORFERE - e

ik

SHIOUCH Y E i

Loy TdD . SIATEZ o O PLELT
GF PN L7z, Lt

(NHEFZOEEDOEE
h3lel s s 2 Wiy

WA I A 2 s

IS A ST S SR S R T A B

2% 31} 14 - 1 4
HEs L 7 La L,

el

o y -4 o
729 Y27 &y

PRzl Faor 220 CIE B~ o 3 KB Gk B 2

SELRETANGS E 51 A

S TTAFIE B (s,

i & FRRI A

o HE I 1 EClE, T
Syalbagd 1ok D (EOFRFEEBIGEID L O AL

IBEIHERPR NS NRE R

R/ ZadrEid]

TIERAS BTN S INUHEDE IS I 17
{rérit Jwvr 2 b
W b WY A e WAL T %

D '&4;} i" i1/ %«’..; s

C, T IHN-CE ot BlECRo v e |

ALA LT B IV e e L 2k 1
I

..
i

D aa CUEEELY L 22 s

HIs16- 00k

PR VLAY A Sob oy {7 MG ) R A o ey

A L = b
PR RS Mo
Folil v S oot o,

ZACS R L R R A&

L/ il

T f
Nk

L IRNE R W
2y Bl ok

TGHF A0 H 1S3 EY L E0E L ey W R AL s

DY,

o bocoplicd ok 2

T

B

WL 2:450°CHh D,

Ay, WROREO AL Gay %
{F %%, 18% 51;\.)v i it
L., 30055y HLoiig

WSROI FTH L.

FERIA
FORIS M L2 60T .

l”’;u\/}\"" v/?:v 3“"" [
a\*,-:‘(_m ind ’)t‘
M Ab,

i B ARTE Z Bl

USSP BRI R i s

JP16

B

RV T T AR

FERH

L ME D BRI S L 2 Al

m2 a mtaﬁm%ﬂ%%u&waﬁﬁ ﬁﬁﬂ@ﬁ&”

PHARM TECH JAPAN @ Vol.27 No.8(2011) [ 19(1515)



-."ﬂ;ﬁa SR——

ﬁﬁl&ﬁﬂ@&Eﬂ%ﬁ&U%ﬂ}%g
JP16
8 B
By LRz WL 2 T A, #ELHE T 2 B Ak i
Hedlora 4, 2000 350 4 ;u_-
A D% ¥ :: 1
Pl A (R
FRLME oy AR L 2
TEE | IS b & i L. 30%.5.70
VIS L@ e MO“..J:). Vs
Ly Al L F 7
RO IESNE  ¢ (R INMEAS A f: L
{ “Urilju){ y ‘IU) ';;Q"ri !
DL ERM LTS B
}lﬁ:;r = y". ," i i af 5 ) RS I i )

SR AT P
AT BRI B S,

A BV PR S41I LY/ ]

(GRS AT RN g TR

H4 BE16ICHSRTHD T U — LEID 5O

3 5 ot
kit i
5 .
P sa f i
[2720), e oy

SR g - Cm Zsi Ar bk A% PN "
VIR, BB LI o OMEE R PR E O A

,.-‘;, - L oL g S

20(1516) | PHARM TECH IAPAN @ Vo!27 No812011)




CAcHAe, I
AR |
Zodpl kot

VRSN

T
[’
-
.
W
=
N

A E 2Ll R

it Wl A ) AT A R T E
i IZ;X"}. ul‘)"’ 1’;:) ,,; ([ i‘jjh‘.;

_:_ ; l“! !“‘ )3 “, p;” !,') 23 \_:
AT S Al Lol
ARTHL D L H4 H

SHLHHEL RS Sl T L N AR N

P A Ty B PO S 20 gl ’
RN ) R Y 55
- ¥ f.

oy ity BN S 500, LB vl
AT S S THIR Y 0 — 2], TWERMY | 1)
RGN/ A L LA A U

O TWARIRTE ] O BB bR L CHeE S w

[
[oié W] 3

| Hi"(/j; 7 A

(2) Z DA
FEOEY -# & SILROEORS

P PR R A~ P PR AR LS A i ho 2w 2,8 2 1.
E AP RO & DS e UEE, R B T4
LD ThDHA, Fidks DR i ROPAL L IR HR P4 B FAE L

RO D ¢y Sinahal e

A EBPIE s ey 2 2
RS

ke W |

2

SR A

FECIAE ) —lg [ odhihke
TOVAIROFEN AL TR X

Lt diiten

if > A 1

b 2 T 2 A7 oL Ak o Bl | it
AT A

PESY ARG

AR
3 437,

TRARG SIS A,

AR @R O TR

2 32 FRURYR YR

PRI B,

P L 2onfiiis & L -Caih 2

"L kA
b oD i

Wadd {j ’2‘)}'1“.{;’1_’!‘ 3

U o PN
UP/IEEYA.

{5 Wl o o ity H R 1
o -
3 A EERRELYA

oAl Mahortz b Ak

FR IR &

2 C Ay D0y R R

P 0Tl e ! Vs B op, A R T
P HETY 2 5 = s % 7 - Hi (40 3) (‘L'!;I =2LC b

LA I 2 L LIRS T EAR U

7 REIRHIERIERORE

TeHID 4shh, bR

va

2oy A EAES

T OHWE ALY

3T
LCILy ¥4 Cas

P L A - T A LR Oy

Hljidem
ooy Qs

fik L

[GAco k) Hi LD RS

o CtE, M e L od S S g

ANV ST,

IHIG SIS B D (2 2o W) Tl Xy
LA AL L T S BT dy
—
HbHbhIC
7 DI A 4
3 “ g Lo d "
Wialt 3 o L S LiFd
! 5 il i

CAYPESCOEO S st 2

SO LD B B

PHARM TECHI JAPAN @ Vol 27 No.8(2011) |21 (1517)



e B A S R O

= I,
A

Wil & 9@ 200 o |

ERAL S R AR L A e PR - 3| DT

AT P Ty

w LI
WA

Atk o
I 75 é Z

: 1260- 151

5 HASRICHOT [AHEL, BL~BEEET3] && 31 DOSAGE FORNS, Ewrapean Pharmacopocia 6.0, 715753

h-RASEDY X b
e s ‘;<v ; .

},3.-' 37D il

#Y54~/BTOCH
ACCURA-HS

ST LU LEER

BUSP/EP/UPSENE
REGBOIUVEEF e OER
BEEAUVS TSR
BETFeUPHARERLELN
|- {li e S I

I L2

AP #=84t 50 TUR-Y—Fozhll NI

hitp://www.tactec.co.jp

2211518} § PHARM TECH IAPAN @ Vol.27 No.8(2011)



[FUHIC

HASER Fiddidighc & &
onuu:s }g;f,‘nff)'f'l_ﬁxfai()‘ug R gz
M
HE

21
BRI | B u.ix’:’ﬁh‘ :

BLZIEETHD. Lo Th%RAL
FIL—EIZ W }ﬁ%hfﬁb.%
ﬁ&m(aﬂ 14 LA E AT

X ASE oM
i [AO)}ézﬁiﬁ’ T3 N U«‘Zs)» TOEA R
KERF (HEL6) 252011 E 3 A2402HR 217,

HRI6TIESE R KA 8082 kL 7 N
ZEEDTh A, A TIEHEI6O EEAUE

FIR 16 DfEREATIS!

T3
2

f]ﬂulb hu*ﬁf-;zzlfrﬁéﬁ?f%') [2dh 720, FHl8
T T - SR ERE S SIS KL S
ngva&TL$” %ﬂ&&&bw;ﬁ%@
ERTBL SoFENE, DR E s
%”@%@Mﬁ.@ﬁ%ﬁﬁitéﬁw‘Am;&
g b, SERBR{bOHEE, OLBEIZIS L e
BEHSUIEB LUTBIC LA MM 48, 5 '} ftx
RO BREOEHEOMHERB L OTH 4 i
ET, D500 GL5,

HE16 DEEFUER

ey

EEEOIERFEATIN Y H AR % e 2
f%il. MUY, Rk, RBRS R BENHe L
N RO msﬁ TEEL
D AL mmlﬁ?r'm(r)'ll [!}f SETE T e

FLEYES

KAWANISHI Taru

v e

owT, #E Codukdtrbiviz. Zhs ol
Ol onTE, WokE, frEst '?:3 Gur7z
72 ELT /\%:f“ih‘[ P 162 45801 2 DT

DI ﬂx%Pﬁlv)

(1) WHHEROLEmAE
1) HNAKEBI DN IEER

TAAERG J5 o0 BRI BBy T X v 2
AL e L. %2~ﬂszf2ﬁ %ﬁ%
PRAES 5 720 120 B 7 0 T B,
T2 DFEEE - W, Wik YR <L z ~o0) C a’)é
BB E & F 597, AT

AN 5 W 5 4 C
93 ‘=1“Mmﬂkmﬁﬁﬁﬁﬁbtaﬁm
TbdHbH. WA HFIZBWTHAS L CFoyu
S PUAT BRI AT Lo BAEH 2 LT ke, f}:
%fﬁﬁzﬂnm-m&t FRENOER, W

‘.*
v
P{‘r
E«:
(_

mh%%nM®x94w#x&Lam

g 7 }%1 Rt Cc‘:’)*?ﬁ‘ PEHEIGET
CDATA NG ZFINTEY, B

IE AR BT, 504 < -;7?37‘:0 THEARDY 21X
EhoThlv, oz, (1) BB THE
ENTOLHEATIEEN TRV LDORL A A
W, (2) L ERDEY TR VRAASH S, (3)
LR O S T PRI 7 BRER 4 Y oy RS A
REOBEAVE LTz, 22 TTEOBREHNZ
T THRIGO PRI H HETREFE L7,

2) HE16HABBOHEE S LUK OSE

HRRISTE, 9 71 #abai)) & L Csm4
Heod Mo 3im7‘3’uuh§c 4, 120 PUFIZ508 /)
ENBLUZOHEMI B E SN TH A, HIE16TE
SISl RS Tl ) % (1) 2 LCF o
25 (2] £f (35 % EL. KA,
IHHEL NEEIP S B DRSS LA TR &
Wik afiik & L7z

H L6 TR o) die Ko Bl & o 40 BT 12
Lo AUER F 712 55500 B X 0TI R T A {ff
L. 25130k, b e 082 i

40
(
%

“““““ (1329



BAZAE RS

HIR 16 BARIADEY D A b

it BN

(2] W45

1. $R4E54 535
1.1 s
1LLL LHEAI 5
112 Fa7TnE
L3 st
114 SriELEE
V15 B
12, ATRL

o

G AL

IRy P P b b

31Y, RS

312 HBlHAARIEHA
313 fEEIEE
A EHTICHIG A B

L1 SEHTIIA

13 HiA 111 JEBLEHTIHA
131 s 12 A ERTTEA

14, iy 6l

15 #RInEH 5. GV A D WA
151, T UF 51 WEAK

152, S 501 WEAFAH

153. A 512, WA

154, YEF—FH 513 WA T =LA

16. Ty 7
161, v T
17, #rEy -l 6.1

2. LUPEPUS B S B

21 CIRE I S 7.
1.1 F 7= 7.1

212, HFFEE
1
1

i v

A % B

SRR

£

LB
LT

3“”35 553

213, AN HAEE 8. fhld

214 137 8¢ 5.1

215 HAH 811

22, [HEMATL— 812,

23 [IEEMCERDER

24, HE 9, i
ad.
92,
93,

Al 15 BRI 2 U A b

1. =7 3.

2. i 9.

3. =F A 10.

4. T F LT 11

5. A7 12, i
6. Wik 13, iH
7. A 14, Bl

1 AR SHLUHRE 1 SREEENOREIREY A -

(1330

45
B B A

PR

15 o7

20, #BGH

21 ba—-

10,

EBiSE T 52

10.1.
10.2.

i 'al‘;i‘f
AT

LI 76 XA ZaE 5 4 B

111 AHHIRIE
1LY AR

112, FHIERR

1121 JzAs b
1122 T—=>3>H
113 A7L—

1131, ST =05
1132, HKZTXTL—#
114, #F5A

115, 7 U=—47]

116 ¥ILA

17 WA

1171 77

1172, 2w 77

(3] ARy

SilE

1. =% A7

]

A

3. EE

4. w0 R

28,

m»«“f A ﬂJ

I
1}
W ¥ A

a—3 3l



EERB L, RESBPLERBMICL W HIREZS
BLTARAL, BRKTHEHINRTWAHEADOLERE
FHRBLRLT 2B TEL, SEEBRLEORE
BIOBEENE WD, BREESTHL HAE
BHELTRATRILELEG2ZLDB LT
BT BEL VIS, KWTRAELHBICD
W, SRR ENLEELFHEERSELA
Bl FAEEORSTI2HBIZOWTIZEH,
A TENH, BRH, GFHL COFELFTBICHE,
HHVRINCKSTE L - BATIIERH R A RH D
YIRBABCYBREBIIN—T~OFEZTo 7
SHIHGHTHEINZE 4 DHRFEIZONT, &
BB LTHEOH AL EREL TMEL.
PR IESERFTIROBEAESSE F27 7 Vi Bl
BELLrORNNLBEEETIARCHEL, BOMK
AT FYVE, BEH, LHOLHCHED
M - WEICLAHRINV—FAIHE L, FHEL
R ORBRERIE, LAY EEH Bk B
EEICEREM 2OV, BEEMI DT h2W
LDIZOVTIRSOFREE L ThbhH, KGHET
i, BOBZSEASEHF> - SEHEHEHAO
JE, BAETIR BEAH>ES > LARN> —>
BAENOIE AETIE OERREE>F27 T
VESBUBESGTHEOETH S, M1 ICARI6H
FIBAITHY EF7-HEY A &, BREISHARE
LRBLTRL
BAREICHIT-HRICOVTE, TTHAROE
# ORICRE SHIRATBRLECBWTYZAH
PETREBARELIUZ2ORE, RIFS-4
BBIUHHRICOVWTRLYE, ABOZHRIRYS
YOOV TIREN HERISHARMOERZBBL
7=h%, B, EHRH, RBHLLCOoVWTRE, A
HAERNESHIRBLEROERERTo 2,
B, FLLTEELZFRELT285METHS
ARBERAIL, (2) HHgELOKIC, (3) £F
BEMAEEL LT LD TRRL:.

3) FROEHEDEE

BRISTIE, SHLBENAIZEhER BRI
BARICBRUZZD0] BXU [HRICELA-bD)
tEHEL, BHONEORBRICHVWAELLZVWOHRD
KESDBVIEL), —BIHFEL T LAL,
COFEBLIUBRIBHNTFORESREBEORTIC
Yo THBTIRKERFOERLELZ . 22T,
BRI6TI, BROFETCENZTAEZEEL, B
MEE TEOR/ET 2 RRICER LB, &5
B TEOXRSTA2HERROBH] L L, /2, 5
RBFICETND L ENTVRFETH MM
WThH, BEESATVWR LW AEEE,»D, B
HO—WIZHEFTH L L L7 (I fboms?
2 ER),

$£63E H11S5 FR2BFI11/18

T, BRIGTEZ UV —a#iE, [%TFHOH B
B, FALLZ-EHEZBCL0%2 7 ) —2F L F
THEILEWTEL] LEHSHh, HKEFHO—HLE
RTELY, BRETILELEIBEOSIBLET
»Y, BRIGTIRZ ) —2FZHRER ST L
AEL L7

(2) k&RICET3HE

1) REAKOAFFDOREL

BRISTE MEK] TRk TREBREK]
BLU MEHEA] 04BEORERK (EES
DOHRBIFEA SN BK) 55, EELHELCHESN
Twize LA L, M8 BXU MEgEAl &
BERAABE AT LACRESNEE LB TEX
ROBERBIHEB IR N2 REBOK (Vs
K) &, ChEBRBICKELEGL LTHBICHEE
TEABEHADDODLD (BHEAYOK) L%, F—H
BELTE, i, AEREET RESTHE

DETLELZERHR DD I vIDELEoTY

2o 2T, HREL6TIE MEHK] &, v rk%
RITOEFAEOT T [HEA] LU, BRICHHER
h-BRiE [HRK (B8AY)] &L, #hehn
COLELRBRELT-o- (B2), £/ E5HHE
KIZDOWTHRBICHIE L 22, BERMEKIE, £B
REHBRL VOV kOREBRETTREBEA(E
/AN L LT B, BRANOMBELT, ¥
K (FEAD), EHAK (BHAD) Z2WTiE,
FEMC (2L, (BBAD) 2E8BLTERT
BILATEL] LEMTIBLLDIC, RERR
K (BEAD)] 3H&E LT MREMSK] 28
WRHRIENTELIIICEYRL

BRI15K&% BHR16KE%

BA — H#K

K80k ¥k
T mmkeman
REHIK — REHNACREAD)
T matmAGEEAD

2 HRE158&UHRE16DKEROBRF

2) HERKDEBELDHERBRATOREL

HEUK B & UES RAOHERBROBBIZONT
HERXBITABRBRE (TOC) ICIWHETE
ZOPREZTo7. ZOHER, N"VrKiZowT
FEBER214S-cmt (25C) BLF, TOC 050mg/
LUTZREMEEL LTRETAHILILLY, £heh
EREEBIUVEABTHY L ERT A LATHET
HEI bR, HRIBOEMESR B~ WV EH
Vo ABTERERRECO2HBICEERRR,

(1331)



BFERmaNE

ERBANOKIZOWTI, ERESEIYERY
5uS-cm (25T ) LT (WERH10mLEBR 58 ),
3 7213254S:em ! (25T) LT (MEEAIOmLET
ORT) FRATAZEICE D ERTRLHEL 2,
—%, TARFERYVZFLVBRADORELRY
i, TOCREZRTI LD, TOCREFEL
L-ABAHBOTRIEETHILERBL, BT
AYOkDOMEREE, WEREBT VA VER)
Y ABTEHWEORRE L.

3) AEBZOYEIH I BORES LUSEHEH
ADFY

BRIV EEZORRBRICAVIKOEHRERIE
L, [EXZEORRICHEVIKIZ, HKRETS
boDEh, BWRAET ] 2 [EXERKFORERIC
Bwakiz, RBRE2GETIHEZEIrVWERL,
RBETODICHELIKETAHIE L7, CHIETH
Bkl &ThL, GMPEEOTTREINEREM
BWECAVWOREIAEETILICRY, ERERRE
BOAORERBERL2VWBEL Y TOEAIRE
BTHLAZLIIHTAINIETH D, 1272L, BZH
B EEKZORBRICAVSLAK] ZHBAMRL, £
DHRT [HEK]L THEK (FHAD)] 2ERE
B EDRRICHVDEI LN THAZ L 2BEHR
Lie ¥/, BEEH (REAKOREAEH| 2%
- TEEE,

(3 EXL ENERERZRROEFIESRATEDVDEAD
&Ik

AR LOBEGBESRICOVT, [RoSHREE

&) Bt [BRE] CHD, dbETHEIOE

BRRACOEORRZEMT AL L DI, HETIHR

% RBOEHBIURBLEBLL. (BERE

4291 HE, I - RMW30HEE OWIL)

(4) HE - REOBHUE
BRISICBWT, BERIIZAFNVTHERED
EXSEHRELEELE. ThilbDbEEERKERD
RBRICEEXRELLTHYTWAHEEILE, 20
REEHBLEETILEND o728, EERMBK
ThollDERZRE-TER, FZTHRI6T
13, UTOHREHSHT, FOREETo7
(1) ROXHICHE - HB/EERETS 1) 713
v OEREE IEERBEIEIE (OO0 * * *ik]
tHETH (FHEBESIISFIV—-43753
CIEBE) 2) SRET e EER [O
OO* * *{kpl LB+ (F)ELaY -
a9 vk
(2) 941 HE -  RBPOLLZOVTEHEHHIEZTT)
A BRFERIE [2RE] LLTRTIEET S,
ZHEBICLoT, BEELEHHATALEZT

(1332)

L L EXERERNOAREDOLHTIRERL 2\

(3) JISHEEZZBIHLTWAREIIOVWTIE, JISE
DRESEH L EMT 5,

(4) BRSZHRELLTVWAEEINE, FRELT
EEMERBERAERL TS0

(5) BRGUNEZRAELTEIREICE, ZAFNVEB
UK EOREOBHIZOWTIRERMSUE
DORRE Lz, KAOWOBATEY B2 AR
ZonTRANBOBEEET 2 (F)IEILR b
O rFyhA—-E{ER barFo ANKNH).

(5) JISBEILERORBEDIERL

HEAEBFICIBRENLTWARE - ATk, £
ORBICAFTERLE (ISHEE) MIHTESD
DEZOVWTRIISESLER (YL —F) THEL
Twiz, L L, RERE - RO P TIISHEEH
BIEEhA230XFRENBIICED, 2O
#7072, HRLI6TIE, JISEBE ELEW2LD
22onT, BRACEREDPLENR (=HRTOH
BYAREE, »H5VIRHEBOEENZV) bD4EHE
GAEZERA )Y A, BBY IV KAY, o=
ba7z/=Nv7AVY) ZHBRTAHLLDIC,
AIEBIZOWTIRBENLRE - SBRFEEREL
2o 2B, SEBLF MY LEATAORBRART
HobhTw AR~ » 4~ (1) AKXk [K8568,
Bl EaEmL7.

(6) BEMOBEORRERE
BEHEFRBRIIBORMICOWTHEHARREIHE
BALTVAEREIDPEZHART L2207 EERLR
BAEBERBRO—OTHLH, BEERH T e
TELVAEPZENERSEELHCILZEHELT
Wa | ERBISIITwS, SOXS REHREROE
EZ, b, HRI6TIE, FRIWATIIHRERED
RUMZHERAL, BRIBIRHTCHHBEIRES
T TWHEVRBAIILODLWTRERLGZVAIN S
L, BHEBERETHIVLENDLZVWRBOERE2E
DT, EXERELROSHEOHEZEREBL 2. i
ELASBRICIBENTWTEHEOREEE
ERTwiho 28I OVTE, 484E (pHLZ,
pH40, pH6S8, K) DHEBRBEICBI2BH T u T 7
ANVORBRERIESTOTHEHBREREL . &
P BTk, BFERFNEERHAE (BHR)
H£ERY MREEH I VREAZHEG CHHED
RS IPA0EGgIENLEHEL L, REBE
BB TrWERDREESIE, LEIELTT
BELBETCBEL CREL 2

(7) ERRBERADINRKER
FRINBBBERESICRTEY Th 225106
mBIZDIZo 7, T2, HELAME 330, IR



RIS T R R Tet 2

LIS 87
MM 3 | AHITAY
l LEDL AL LEE
SR 0
kY t (FLo/NO—ZRIKF04)
) 15
&5t 106

H3 HB16EE

EEFHRNGRBEDTH

YA

‘-15\1"7”:7‘:‘\( Ll B,
WF A PEEEY
BT D%

y- kvokuhouwhiml

Hijle% :*’?.3]’<

1

FllBw»T I
4
53

HASE R A IR EC BT 5
731. ,*LL:‘ C#H ') R/L»‘)' 7 ‘5?5\'—. H /'t\

W‘J‘L!i»‘eﬁvﬂ“r}a % ¢

H RO HAREE R RO A B (RS S
H 3 E A7 i 158 1 B R s A E S

thirpswww.pmda.go.jp/kyokuhou/pdf‘bulldas
11180803_0000000_01.pdD)
tRELY 27 P~

> AWM

0RO RO T ER201T JPTI201D, L
5 011

$FIAS 1AV B AR BRZIE AL, 483, 16 (Nog)
(2011)

s WA BAlow EgEERs L0 lE
Pharim Tech JAPAN, 27, 15—'7" ('7011
B s i e 2 R B

:.;;}0 B 17 {:0‘«3—'{‘ (=

J

3435 (hupy www jp-orangebook. gr.j px')



FESERS

non-comine

authc

!




International Journal of Pharmaceutics 423 (2012) 401-409

Contents lists available at SciVerse ScienceDirect
* PHARMACEUTICS

International Journal of Pharmaceutics

journal homepage: www.elsevier.com/locate/ijpharm

Pharmaceutical nanotechnology

Evaluation of intracellular trafficking and clearance from HelLa cells of
doxorubicin-bound block copolymers

Kumiko Sakai-Kato®*, Keiko Ishikura?, Yuki Oshima?, Minoru TadaP®, Takuo Suzuki®,
Akiko Ishii-Watabe®, Teruhide Yamaguchi€, Nobuhiro Nishiyama4, Kazunori Kataokad-¢,
Toru Kawanishi€, Haruhiro Okuda?

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

b Division of Biological Chemistry and Biologicals, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

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

d Center for Disease Biology and Integrative Medicine, Graduate School of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
¢ Department of Materials Engineering, Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

ARTICLE INFO

Article history:

Received 1 July 2011

Received in revised form

16 November 2011

Accepted 15 December 2011
Available online 23 December 2011

Keywards:
Doxorubicin-bound block copolymers
Intracellular trafficking

ABSTRACT

New technologies are needed to deliver medicines safely and effectively. Polymeric nanoparticulate
carriers are one such technology under investigation. We examined the intracellular trafficking of
doxorubicin-bound block copolymers quantitatively and by imaging doxorubicin-derived fluorescence
using confocal microscopy. The polymers were internalized by endocytosis and distributed in endoso-
mal/lysosomal compartments and the endoplasmic reticulum; unlike free doxorubicin, the polymers
were not found in the nucleus. Moreover, the ATP-binding cassette protein B1 (ABCB1) transporter may
be involved in the efflux of the polymer from cells. This drug delivery system is attractive because the
endogenous transport system is used for the uptake and delivery of the artificial drug carrier to the tar-
get as well as for its efflux from cells to medium. Our results show that a drug delivery system strategy

Confocal microscopy
Transporter
Endocytosis

targeting this endogenous transport pathway may be useful for affecting specific molecular targets.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Recently, genomic drug discovery techniques, organic synthesis,
and screening technologies have been used to develop molecularly
targeted medicines, some of which are already being used clini-
cally (Hopkins and Groom, 2002; Hughes, 2009). However, these
new technologies do not necessarily lead to the introduction of
new treatments because even when promising compounds are dis-
covered by genomic drug discovery techniques, they often have
harmful properties or are difficult to deliver to the target because
they are relatively insoluble (Hopkins and Groom, 2002; Lipinski

Abbreviations: DDS, drug delivery system; PEG. polyethyleneglycol; RES,
reticuloenodothelial system; EPR, enhanced permeability and retention; Dox, dox-
orubicin; DMEM, Dulbecco’s modified Eagle's medium; FBS, fetal bovine serum; DLS,
dynamic light scattering; AFM, atomic force microscopy; HBSS, Hank’s balanced
salt solution; ER, endoplasmic reticulum; ECFP, enhanced cyan fluorescent protein;
Alexa-transferrin, Alexa Fluor 488 conjugate of transferrin; MTOC, microtubule-
organizing center; ABCB1, ATP-binding cassette protein B1; MDR1, multidrug
resistance 1; (PBS), phosphate-buffered saline; EDTA, ethylenediamine tetraacetic
acid; SDS, sodium dodecy! sulfate; PVDF, polyvinylidene fluoride.

* Corresponding author. Tel.: +81 3 3700 9662; fax: +81 3 3700 9662.

E-mail address: kumikato@nihs.go.jp (K. Sakai-Kato).

0378-5173/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2011.12.022

et al., 2001). New formulation technologies are being developed to
enhance the effectiveness and safety of pharmaceutical products by
focusing on improving the release, targeting, and stability of drugs
within the body, so that the location and timing of their action in
the living body can be controlled.

Nanotechnological advances have contributed to the devel-
opment of new drug delivery system (DDS) products such as
polymeric micelles and liposomes that range in size from several
tens of nanometers to 100 nm (Ferrari, 2005). Some of these DDS
products are already being marketed as innovative medical treat-
ments (O’Brien et al., 2004), and the number being used in clinical
trials hasrisenimpressively in recent years (Hamaguchi et al., 2007;
Kuroda et al.,, 2009; Matsumura et al., 2004). These nanoparticu-
lates possess several unique advantages for drug delivery, including
high drug-loading capacity, controlled drug release, and small size,
which allows the drug to accumulate in pathological tissues such
as tumors, which have increased vascular permeability (Nishiyama
and Kataoka, 2006).

Polymeric micelles have received considerable attention
recently as promising macromolecular carrier systems (Allen et al.,
1999; Kataoka et al., 1993, 2001; Lavasanifar et al., 2002; Torchilin,
2002; Torchilin et al., 2003). Polymeric micelles are amphipathic
systems in which a hydrophobic core is covered with an outer
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shell consisting of hydrophilic macromolecules such as polyethy-
lene glycol (PEG) chains. Polymeric micelles can both encapsulate
medicine of high density and evade the foreign body recognition
mechanism within the reticuloendothelial system (RES), and they
show excellent retention in the blood (Illum et al., 1987). In addi-
tion, accurate size control of the nanoparticulates enables them to
accumulate in cancerous tissue, owing to the increased permeabil-
ity of tumor vessels due to the enhanced permeability and retention
(EPR) effect (Matsumura and Maeda, 1986).

To maximize the efficacy and safety of DDS products, it is impor-
tant to deliver these products to specific target cells and subcellular
compartments. In the experiments reported here, we used confo-
cal microscopy to study the intracellular trafficking of polymeric
nanoparticulate carriers. The use of covalently bound fluorescent
reagents as probes is gradually clarifying the internalization path-
ways and intracellular localizations of polymeric nanoparticulate
carriers (Lee and Kim, 2005; Manunta et al., 2007; Murakami et al.,
2011; Rejmanetal,, 2005; Richardson et al., 2008; Sahay et al., 2008;
Savic et al., 2003). However, the excretion of the polymers from tar-
get cells after they have released the incorporated drugs has not yet
been clarified in detail, although information about the clearance
of carriers from cells is important from the perspective of safety. In
this study, we examined the trafficking of a polymeric nanoparticu-
late carrier in detail, including the efflux of the polymers from cells
to medium, by direct measurement of doxorubicin (Dox) covalently
bound to the block copolymer. This technique avoids the necessity
of considering the effects of exogenously tagged fluorescent probes
on the intracellular trafficking.

Dox is one of the most effective available anticancer drugs in
spite of its severe toxic effects, especially cardiotoxicity (Olson
et al., 1988). As the carrier we used a PEG-poly(aspartic acid) block
copolymer with covalently bound Dox (Fig. 1) (Yokoyama et al.,
1999), because Dox has relevant hydrophobicity to form globular
micelles by means of the hydrophobic interactions, and inherent
fluorescence to investigate the intracellular trafficking of the car-
rier itself. Dox is partially covalently bound to the side chain of
the aspartic acid (about 45% of aspartic acids), so that prepared
Dox-conjugated block copolymers show good Dox entrapment effi-
ciency possibly due to the m-7 interaction between conjugated
and incorporated Dox molecules (Bae and Kataoka, 2009; Nakanishi
et al., 2001). Therefore, in this carrier system, there are two kinds
of Dox; one is Dox covalently bound to block copolymers, and the
other is free Dox which is incorporated in the inner core and has
a pharmacological activity by its release from the inner core. The
inner core of the micelles is greatly hydrophobic owing to the con-
Jjugated Dox, while the PEG of the outer layer prevents uptake by
the RES. The resulting micelle effectively accumulates in tumor tis-
sue by the EPR effect and shows much stronger activity than free
Dox (Nakanishi et al., 2001). Because the block copolymer can form
globular micelles by means of hydrophobic interactions with the
conjugated Dox, as shown in Section 3.1, we used a carrier without
incorporated free Dox to investigate the intracellular trafficking of
the carrier itself. Furthermore, by quantifying directly the amount
of Dox covalently bound to the polymers, we could measure the
intracellular amount of the polymers.

2. Materials and methods
2.1. Cells and micelles

Hela cells (Health Science Research Resources Bank, Osaka,
Japan) were kept in Dulbecco’s modified Eagle’s medium (DMEM:
Invitrogen Corp., Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS; Nichirei Biosciences Inc., Tokyo,
Japan) and 100U/mL penicillin/streptomycin (Invitrogen). Cells
were grown in a humidified incubator at 37°C under 5% CO.

Dox-bound polymeric micelles and fluorescent dye (DBD)-labeled
PEG-polyaspartate block copolymers partially modified with
4-phenyl-1-butanol were synthesized by Nippon Kayaku Co. Ltd.
(Tokyo, Japan) (Nakanishi et al., 2001).

2.2. Physicochemical data of Dox-bound micelles

The diameters and distribution of micelles were determined
by using dynamic light scattering (DLS; Zetasizer Nano ZS,
Malvern, UK) at 25°C. The micelles were dissolved in water
and filtered through a 0.2-p.m filter before measurement. Atomic
force microscopy (AFM) measurements were conducted with a
NanoWizard Il (JPK Instruments, Berlin, Germany) at room temper-
ature. Images were obtained in tapping mode using a commercial
microcantilever with a spring constant of 150 N/m (Olympus Cor-
poration, Tokyo, Japan). AFM images were processed with SPM
image processing v. 3 software from JPK Instruments.

2.3. Quantitation of Dox-bound polymers in HeLa cells

The amounts of Dox-bound polymers in HeLa cells were deter-
mined by measuring the amount of doxorubicinone, which is
released by acid hydrolysis of Dox-bound polymers (Fig. 1b). HeLa
cells (1.5 x 10°) were plated in 35-mm glass-bottom dishes coated
with poly-L-lysine (Matsunami, Osaka, Japan) in DMEM contain-
ing 10% FBS and 100 U/mL penicillin/streptomycin. After incubation
for two days (37°C, 5% CO;), the cells were exposed to 50 pg/mL
Dox-bound polymers in culture medium. After the indicated dura-
tions, the cells were washed and kept in phosphate-buffered saline
(PBS) or Hank’s balanced salt solution (HBSS; Invitrogen). The cells
were trypsinized with 0.25% trypsin-ethylenediamine tetraacetic
acid (EDTA) (Invitrogen)and collected. Cells were then washed with
PBS three times, and a small part of the cell suspension was used
for cell counting. After centrifugation at 1000 rpm for 5min, cell
pellets were resuspended in 100 pL PBS, and the suspension was
divided into two parts (50 pL was used with acid hydrolysis and
50 pL without) and stored at —80°C until analysis. After thawing,
the cell suspensions were disrupted by ultrasonic liquid proces-
sor (ASTRASON 3000, Misonix, NY, USA) for 1 min. Then, 50 pL of
suspension was hydrolyzed by 0.5N HCI at 50°C for 15h. After
hydrolysis, samples were deproteinized with methanol, followed
by centrifugation at 15,000 x g for 5min at 4°C. The supernatant
was then neutralized with ammonium buffer, and evaporated to
dryness under reduced pressure (Savant SpeedVac concentrator,
Thermo Fisher Scientific, MA, USA). The residues were resuspended
in 60% methanol, and the doxorubicinone released from the poly-
mers by acid hydrolysis was quantified by ultra-high-performance
liquid chromatography by using our previously reported method
(Sakai-Kato et al., 2010) to determine the amount of intracellular
Dox-bound polymers (Fig. 1b). The other 50 pL of cell suspension
was treated in the same way but without the hydrolysis step to
evaluate the amount of free doxorubicinone, that is, doxorubici-
none not derived from Dox-bound polymers. The results of three
independent experiments were averaged and analyzed statisti cally
by t-test.

2.4. In vitro cytotoxicity

Hela cell lines were evaluated in the present study. The Hela
cells were maintained in monolayer cultures in DMEM containing
10% FBS and 100 U/mL penicillin/streptomycin. WST-8 Cell Count-
ingkit-8 (Dojindo, Kumamoto, Japan) was used for cell proliferation
assay. 3000 cells of HeLa cell line in 100 p.L of culture medium were
plated in 96 well plates and were then incubated for 24 h at 37°C.
Serial dilutions of Dox-bound polymers, micelles incorporating free
Dox or just free Dox were added, and the cells were incubated for 24
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Fig. 1. Schematic of the structure of a Dox-bound polymeric micelle (a) and the chemical structure of the block copolymer (b). Polymer-bound Dox can be released as
doxorubicinone by acid hydrolysis. The quantity of released doxorubicinone was used as a measure of the amount of intracellular polymers.

or 48 h. All data were expressed as mean =+ SD of triplicate data. The
data were then plotted as a percentage of the data from the con-
trol cultures, which were treated identically to the experimental
cultures, except that no drug was added.

2.5. Confocal analysis of live cells

The intracellular trafficking of the Dox-bound micelles in live
cells was examined by confocal microscopy (Carl Zeiss LSM 510,
Oberkochen, Germany, or Nikon A1, Tokyo, Japan). Data were col-
lected using dedicated software supplied by the manufacturers and
exported as tagged image files (TIFs). HeLa cells (1.5 x 10°) were
plated in 35-mm glass-bottom dishes coated with poly-L-lysine
(Matsunami) in DMEM containing 10% FBS and 100U/mL peni-
cillin/streptomycin. After incubation for two days (37 °C, 5% CO,),
the cells were exposed to 50 pg/mL Dox-beound polymers in cul-
ture medium. After the indicated durations, the cells were washed
and kept in PBS or HBSS (Invitrogen) for imaging with the confocal
microscope.

2.6. Labeling specific organelles in live cells

After incubation with Dox-bound polymers for 24 h, HelLa cells
were washed with HBSS and labeled with organelle-specific fluo-
rescent probes in accordance with the manufacturer’s instructions.
LysoTracker probe (Invitrogen) was used for labeling lysosomes,
and ER-Tracker (Invitrogen) was used for labeling the endoplas-
mic reticulum (ER). A fluorescent Alexa Fluor 488 conjugate of

transferrin (Alexa-transferrin; Invitrogen) was used as an exoge-
nously added endocytic marker to delineate the endocytic recycling
pathway for live cell imaging.

We also used an expression construct containing enhanced cyan
fluorescent protein (ECFP) fused to an Golgi-targeting sequence
derived from human 3-1,4-galactosyltransferase as an Golgi local-
ization marker (ECFP-Golgi). The construct was purchased from
Clontech (Takara Bio Inc., Shiga, Japan). Cells were grown in 35-
mm glass-bottom dishes coated with poly-L-lysine and transfected
with Lipofectamine 2000 (Invitrogen). After overnight incubation,
the cells were exposed to and allowed to internalize Dox-bound
micelles for 24 h and then examined with confocal microscopy.

2.7. Efflux study of DOX-bound polymers or DBD-labeled
polymers using the ABCBT inhibitor verapamil

HelLa cells (1.5 x 10°) were plated in 35-mm glass-bottom
dishes coated with poly-L-lysine in DMEM containing 10% FBS
and 100U/mL penicillin/streptomycin. After incubation for two
days (37°C, 5% CO;), the cells were exposed to 50 pg/mL Dox-
bound polymers in culture medium for 3 h. Cells were washed
with 50 p.g/mL verapamil (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) (Davis et al., 2004; Kolwankar et al., 2005) or 0.1%
dimethyl sulfoxide as a control. After washes, the cells were incu-
bated for another 2 h in HBSS containing the same concentration of
reagent. The cells were collected and processed for measurement of
intracellular concentrations of Dox-bound polymers as described in
Section 2.3. The efflux of DBD-labeled polymers was evaluated by



