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Construction of Drug Delivery System Using Poly(vinyl alcohol)
as Anti-cancer drug carriers

Atsufumi Kakinoki, Yoshiharu Kaneo, and Tetsuro Tanaka

ABSTRACT

The idea of using drug carriers to improve the therapeutic efficacy
of pharmacological agents is receiving increasing attention. The
consequence of attachment of low molecular weight drugs to
macromolecular carriers alters their rate of excretion from the body,
changes their toxicity and immunogenicity and limits their uptake
by cells via endocytosis, thus providing the opportunity to direct
the drugs to the particular cell type where its activity is needed. In
addition, these macromolecular conjugates can accumulate in solid
tumors due to the enhanced microvasculature of the tumor tissue. This
phenomenon has been termed enhanced permeability and retention
(EPR-phenomenon) in relation to the tumor targeting. Such delivery
systems can be usefully distinguished into the formulations of anti-
cancer drugs. In this paper we report on the synthesis of the poly(vinyl
alcohol)-doxorubicin conjugates and the synthesis of the poly(vinyl
alcohol)-paclitaxel conjugates, and their release experiment, tissue

distribution, cellular uptake, and antitumor activity.

EC R

E T W EEE D AT A3 @ TR ERA SRS N TWa, K TWEIERN
THHIZIHML., EN—KRIOMT 201K, @2 TWEOERNBITIIHIR S N ER
RICELSIHET 2, Lan> T @4 LENE 2R DO &0 TWE 28 Yk GEfk

,23,



) ELTHWIE, X M FTHLEYOERNEREZFIHL. JORT > v)LOEn
EEEL AT L ERBATHIENTED, ZOXIRI AT LAOHIIL. FEOEDLEHE
BBV TSRO SN THO ., BWEHA OB - IERNROM EAHHFIN TS, 2D A,
MR EEE D WP S &2 WM E OISR S G2 NN RERHE L /5> TN D,

—Wiz. BERIEE TIIIEBINE OFENERTH L0, TORKEY 2 INRNEFEED S N
IIRUL TWD, SSIZEEHAAETIIMESRENELSITTEL TWD 20, EFMETIE
MESANRH UIZ< WESD TUEPESGIENSIZRE LT <, EABFHLLTVWI &N
HHNTVND B2 Z 0413 EPR )58 (enhanced permeability and retention effect) & IEIX
THY., EEEEEZOI LGS FHREFIOMOFT &8> Tns Y, 1993 41213 2 O#)F
ERRALZRANIINT ) A F DEEREED ) X5 F 2 AFIII— (AT R) DD
EZBNWT EHENDITE->TNS,

ARUEZILT7IVa—)L (PVA) ERVEFEEZILDAY ) —)LiRikZ 7 IV )T Afk. £

FRBIALL THSN2B8MES T Th D, EEBIRNDD 2 VZEHERMY & L THEH
FERENSBWASNREIITY, KN THID TRETEHES R LEENRD LN TS, X
FEDINEITELIZIMOOHEZE DI ENS, RUF U MRIIT A MrTEMBGSE DI
WEREDOEN T THD Y, T5IT, YUIFEETO ZNETO PVA OIKNBIEEIC R T % HLiksk
BIZBWT, PVA IIREREGNOEMITR <, RIICH > TR+ 268 L EPR FRITK
B ETERENDEFRIEDEH N Z EMNMho Tng ©7,

AHFFETIE PVA 2P E U THW, JUBRIRFVIILES ENXT U ZFRILOES T
WEEROAREHE Lz, RFEVILEL VT pH EZMTE2ET S cis- 722y MEZE AR—
F—E U THARAUTE, N7 )Y FRINZ T ATIEE TIIE<BEAR—F—& L T
AL7ze 2TDEIITUTEHR L /2 PVA- FUESIHE G R DR NENRERA L BTSN R & Mt LU 7.
S 51T, BUKMERE TEAM L 28Kk PVA Z &R L. PTX & Bf/K{k PVA THNE L =7 / ki T
OFHZITV. PVA WK E L THEHTH D0 at 217 72,

£18 RUEZITZINIA-IEZFALEpHREZERFYIES Y ESFZ7ORS S D
=y1%

1-1 i

REVILET > (DOX) 1 Streptomyces peucetius var.caesius DESFJEIR 0N 5 FEH I 172
T2 hIYA ) CROYUESBETIAME T, 2 < OEBBHEESERICBNT, D THL
PUEBIEENRD 5N TN D, BRIZBWTS, SETAMAMIENTOI. EiasEEs
TR <A OEBHEICH U TORIAEWTIIEBARY b L2692 Y WAETIE. i
FE, W GEREE, FLEE. CEMEY DN, BEDEEE. B RESICENZRNED s NEH SN
TWwa, UL, 72 bI89A 270 RVUVEWEITRBASEIER & LT R LEEND
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e, BREROREREEE /2> TS Y, LEN> T, @2 7kd 52 & TEPRBHE
RSV EEREE B 5 LRI ZOR S RANEA#%ET 2 2 Enliff I Tn 5, BIfE,
EROF> 7Ol A% 7 1)7 2 K(HPMA) 2k E L7z DOX Q&S+ 70 RF w7 (PK-1)
R PEG- 7 ANTGF BT Oy 7 AR —NERT H5R) Y —2 )L DOX 2@ L 7=
b D75 E 11 RN E O TALTUE A SRS A I THRE D 5 TS 9 ARt
72 TiE. PVAZFIH L., DOX LD@EN T 7 ORI v T OERET > 72,

1-2 ZaAZFI—-RFVILEL D DER L BERE

PHEZMEZE L@ T 70 RSy 7i%, Shen 250k > THIO TEkENE Y, 17513,
DNRIZY a=y FMgEAXR—Y—ZBALLFEEERL. INEY I /TR T 7))L
7IRE—X, XAV Y DI . 0%, FKOFEEH W, £/ 70—F
IHIASAERE T & DNR OB E < OFESF 70 R v Z s InTns ', DNR &
MUY > o817 > ROPEEEIIEMETHZ DOX bEL, 7IaAZy MBEAR—HF—
ERWTE /7 O0—HIWiREDOESTTORT v IRGHRINTNS @,

DEOHAZS EIZ, DOX &7 D2y NEAXR—YF—% N L TPVAILHEGIEZEST
TORT YT OERETO . Fxld, HPLC I X 2 ADOX i#HER D HT/n 6. ADOX 1213,
cis-ADOX (cis #Ifidi&) & trans-ADOX (trans BIfidi&) O 2 MENGFETAH 2R ML, B
T LT K BEUTRRII U7z (Fig. 1. Fig.2), &ifBRDIERIZ, cis-ADOX 7% 36. 3% T trans-
ADOX 71 44.8% TH V. Z D 2 FEDOFHEMRNSUSD EERY TH 2 Z LML N TR T2,
Remenyi %13 DNR & cis- 7 12w MRE/KY O RIS T 2 MDY 2 =F )l — DNR FFERH)
AT S EEWME L TV, HFIT, SHEARZHEEEL. NMR MOVE R 2 H 0
BRERTOMER, NS OFEMKIT— C=C -2 IAZ oD NI RFIINEDT A -
oD ZARMARTHE ZEEREL TS Y,

I

C—CH,~OH

0] o

R= —NH: COOH —NH: CH,=COOH
H CH,-COOH H COOH
cisFADOX trans-ADOX

Fig.1. Synthetic pathway of aconityl-doxorubicin (ADOX).
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Fig.2. HPLC chromatogram of ADOX. Chromatography was carried out using a HPLC system
equipped with a variable-wavelength fluorescent detector. The excitation and emission wavelength
were set at 470 nm and 560 nm, respectively. A 4.6 x 150 mm, 5-pm particle size, C18 reversed-
phase column was used at ambient temperature. The mobile phase was (NH,),CO; (3 w/w%):
methanol : acetonitrile =50 : 45 : 5, v/v/v. The injection volume was 20 pl, and the flow rate was 1.0
ml/min. Peaks: 1, trans-ADOX; 2, cis-ADOX; 3, DOX.

1-3 RUEZLNTILa—Ib— RFVILES VEEEDER

RUEZNLYI =)= RFVIVED V&R (PVA-ADOX) &, 2B OKIGZ®RTE
L7z ETHDIT, PVA-IFL DT I 2EGHRL. KNWTADOX & PVA-ITFL D7
I UEME I,

PVA-TF L > U7 2 > OEMKIE. PVA OKEEHE % CDI TIEMLE, KBROTTL >
TIDERBRIED, TIKRBROIFL>ITYI>&2MADIET, PVABHOREECR
LZBi<ZEMTED, BN PVA-IFL 2P T I O7 I/ H%E TNBSIEICEK D, &
BROIFL VT IDEARZRETSHE 46 ww% THO, ZIULPVA I mol iIZ7 I/ H
ME2mol fEE L TWE T ENHSENERS -,

cis-ADOX, trans-ADOX % )T, PVA-ADOX A AD AL ZETT> 7. % ADOX FEEKD
YLD HIVIRF )V H%E EDC TIEMLL . S BIINHS 2GS 8, IEHET A7k z25T-,
INEPVA-ITF L P72 22K E . PVA-cis-ADOX, PVA-trans-ADOX Z757/= (Fig. 3),
7aAZw bEEAR—=T—ICHWZEE, ADOX & PVAZEICTY I=y MMED y ALD 1)L R
FUNEEZNLTHETSEZEALNTNS Y, AT PVA & DOX HlASDHOE THD THE
STFTORIT v T EART 2L LT,
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Fig.3. Synthetic pathway of PVA-ADOX conjugates.
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Fig.4. HPSEC chromatograms of PVA (uw), PVA-cis-ADOX (===) and PVA-trans- ADOX (==).
HPSEC was carried out on a TSKgel G4000PWXL column (7.8 x 300 mm) with 0.2 M NaCl in 0.05
M phosphate buffer, pH 7.0. PVA-cis- ADOX and PVA-trans- ADOX were spectrophotometrically
detected at 476 nm, whereas PVA was analyzed by a differential refractometer.
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FEERDHTIE. TSK gel G4000PWXL H1 T AZHER L zmEdRrsaox v/ 57 1 —T
7o 72, PVA-cis-ADOX & PVA-trans-ADOX 13 3Kt/ O~ N7 L %iE (MCPD-3600) T
476 nm QW & RAEM D PVA |JIRZ 5 Tl L 72 (Fig. 4), PVA-ADOX OE — 714,
WTNHRERMD PVA &—F( L., ADOX OFEGIZ XL 20 FRICHENIN Z MR S Nz,

AT 7ORT Y 7O DOX FEIFHEOCEEEE HPLCIED 2 O FiE TR Lz, B
PSR T TR, DOX DY Y /B I VRETYZ U I OMOI Y O REGIXES MKy
RN, 77V AL EERT S ENMENTNS Y, HPLC T, DOX O /Y a>
% HPLC TERT S/, #EAL TS DOX 2HRIICERTH I EMNTES Y, HPLC
ETRO 7= DOX F&I 44 wiw% T, ZHUIHHELETRD 72 4.6 ww%h SIFT L 7=,
PVA-ADOX [ZIZ PVA I mol ICZF L > P72 M 62 mol fEH L THD, £ZITDOX A16.1 ~
64mol FEA L TWB I ENHLENERS 7,

1-4 W RER

U CEERETIR T BT D, PVA-ADOX 71 5 D DOX Dy ikt % Fig. 512k L 72, DOX @
EBEIC LT pH EZENH 0 pH 5, pH 6 DX D IR TEEBIC B W TX DL 3 W12 &3
Hinkieolz, £72. pH 51CBIT %, PVA-cis-ADOX & PVA-trans-ADOX D i H 48 1] 2 b
9% &, PVA-cis-ADOX 1% 3 h T PVA-trans-ADOX |3 14 h TH D, cis B trans I D B
ATEE N ENH SN ERST=, E 51T, PVA<is-ADOX O pH 6 TORHH1Z. PVA-trans-
ADOX XD B3 fEEmN T ENHSNER S/, DOX D AT Z AL, BEESRETICS
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Fig.5. Effect of pH on the release of DOX from PVA-cis- ADOX (A) and PVA-trans-ADOX (B).

The release of DOX from the conjugates was determined in 0.1 M citrate buffer solution (n=0.3)
of pH5 (M ),6 (@), and7 (A )at37°C.
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WTCHEBED BALD TIVIRFDIVEENT 2 REGOMKSREMIET 2 EE5Z25NTHD. Z
T, & E PVA-cis-ADOX O M X DG &2 507,

1-5 RUEZILTIa—=Ib— RFVILE D VHEEEDHBINE YAHL

J774.1 #ifi~ PVA-cis-ADOX JUF DOX Z iR/N L 7= R DMIfEN O DOX % HUEBRM S THRIZR
L7= (Fig. 6), DOX EMNTIE. MIfE4KIC DOX ICHRT 2 BRI N0z L T,
PVA-cis-ADOX Tld, MIfE LEICHOEDREL T I ENHE N LR T,

F7z. MIENIZHBIF S DOX fiiiE % i 9% &, DOX JRIE1T PVA-cissADOX D /57 PVA-
trans-ADOX X D 6 FHICHEW I ENH SN E/R o7z (Fig. 7). X 512, MM O DOX B
3R D DOX EELD HEWNI EM S, DOX OHIZHEANY VY —ASR I R —A
DM TIR I > Tnsd Z &Rz,

Fig.6. Fluorescence microscopic examination of the cellular distribution of PVA-cis~ADOX (A)
and DOX (B) in J774.1. Cells (4 x 10%) were incubated with PVA-cis-ADOX (20 pg/ml in DOX
equivalent) at 37 °C for 6 h. After incubation, the cells were washed three times with PBS (pH 7.4)
and then examined with a Nikon transmitted light fluorescence microscope of 400 magnifications.
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Fig.7. Intracellular release of DOX from PVA-cis-ADOX (close column) and PVA-trans-ADOX
(open column) in J774.1. Cells (4 x 10%) were incubated with PVA-ADOX conjugates (125 pg/ml in
DOX equivalent) at 37 °C for 6 h. After incubation, the cells were washed and homogenized. The
amount of DOX was estimated by using a HPLC equipped with a variable-wavelength fluorescent
detector. The excitation and emission wavelength were set at 470 nm and 560 nm, respectively.
Values are given as means + SE (n = 3). The statistical significance was determined based on
Student’s t-test (* P < 0.05).

1-6 MRz ROAE

J774.1 HIFIZ KT % PVA-cis-ADOX K O} PVA-trans-ADOX D% HIf%h 513, RNA & RkhEE
A9 572012 PH] DU 2 > QWD ARZHIE Lz, PVA-ADOX OFMIfazhF % b d 2
&, PVA-cis-ADOX D73 PVA-trans-ADOX &£ 0 HHH S NZEWIEMEER L7z (Fig. 8), 2
3. DOX MUHZEBR EFEMS —HT MR LB o7z, HALEWD IC, 1E. PVA-cis-ADOX
18 pg/ml (DOX #15) . DOX 7% 0.48 pg/ml TdH - 7=,

PVA & DOX D& 70 K5 w7 Tdh % PVA-cis-ADOX 13, cis- 7 I = M A R—H—
BHT 5T ETHESSET TRERIRMICDOX 2 it 4% Z &N TE %, £72.PVA-cis-ADOX 13,
pH 6 OIEEELEETH RV ZFBIEL 72, 7 3= v MNEOBERIEICX > TDOX DK
HENRKRES BRBRDZENHSNER ST, T HIT, FEOIEEICIE, PVA-cis-ADOX %
5T ETEVEWIIRNEADZ SO EHHFT 5,
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Fig.8. Effects of PVA-cis-ADOX ( @ ), PVA-trans-ADOX ( A ) and DOX ( l ) on the
proliferation of J774.1 cells. Cells (5 x 10%) were incubated with various drug concentrations for
5 h and then washed with fresh medium and incubated for another 48 h. After incubation, the

cells were incubated with [3H]uridine for 2 h and harvested. Results are shown as percent of the
cellular uptake of ['H]uridine uptake.

#E28 RUEZIZILIA=INEFNBLENZUSFEILESFIORS Y I DOERK

2-1

Paclitaxel (PTX) 1% 51 (Taxus-brevifolia) 75 B N/=HUEHIT @, JYEIEOILIE.
FE/ NI DAL FRERICH W SN D @, L L, PTX /KIS CHiAME/2 /20 Y, F
IRl E LT LER—IV " EL(RU A F L ZF L > e ) AMEH SN T\ 5,
L AN, AR AT EELREUERIGZSIERITIENS P20 ZOFHREL TR
FTOA RPH, 7Oy h—H, 70y h—RBEDH 7 LILF—ENFiEGIN TS, I 51T,
¥ & U T Di- (2-ethylhexyl) phthalate (DEHP) 5 H L TV A A& GHEIL. 7 L ER—
)V "EL &S 5 SR EINTRE T A0 TERNWZ ENH LN EB -2, FD0,
&3 = )VIEHIRE R 51203, FHRBREMEFR S A0 (Fa—7) PnEES
nTtns,

DEOESIBANS. PTX @m0 TEd 5 2 & TKRAENEZES L. EPREEICKDE
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FERAE O L ERICEWER Z%ET 2 2 &N/ I N TWS, IEFETIE, Polyethylene glycol
(PEG) %M\ /z 2"-PEG-paclitaxel 7’0 K5 w7 C*F Ry 7))L & I DB 2K E L= PTX
DIKBEEE D TTORT w TRNINAF I AFINTFANT 2 MKE L PTX DR GRS
ENHEINTND P9 RFZETIE. PVA ZFIH L TPTX LOES T 70 R v 7 DER

211> 77,

22 RUEZNANZINA—=IN—NRTUGFEIEEEDER

Dosio i3, PTX ICHEK INV % SOS S B8 ET 7 2 2V =2 U & F1)) (SPTX)
EERL. INERZTINT I ICHESIE G T 7RI vV OERIEEZREL Tnb
O, FITARBEICHDONWT, SPTX ZHHKL. IHICPVA —IFL 2PV IV ERIGIHE,
PVA-SPTX Z AT 5 Z &M TE (Fig. 9, PTX S RZ2IENELRTHE TS &, 62 wiw
% THo7me ZHUTPVA I mol H7-D 58 mol D PTX AFEA L TVNB I ENWBMNEIRS T,
%72, PVA-SPTX DIEMREIL, PTX B T2 mg/ml PLETH D, PTX OIEME 0.3 pg/ml &L
95 ERIBICHET S EMNTER,

- H,- _
JFCHZ gg%n 1,1-Carbonyldiimidazol ch 2 C‘Ht ethylenediamine JfCHz ?qun
e — O — 0
Poly(vinyl alcohol) é:O (\: 0
(PVA) T ‘
NH{CHZ%N}

N
«4/7 imidazoil carbamate
N PV A-ethylenediamin

+  Succinic Anhydride

o
) HO—-C C—O0—PTX
Paclitaxel (PTX) 4-dimethylamino pyridine 8 (”)
B —— e
2'-Succinyl Paclitaxel
(SPTX)

CH,—
fermgufy
O
EDC,sulfo-NHS

I

PVA -ethylenediamine + SPTX —_—> ?70 N\
NH{CHZfNﬂfc C-0—PTX

0 o

Poly(vinyl alcohol)-paclitaxel conjugate
(PVA-SPTX)

Fig. 9. Synthetic pathway of PVA-SPTX conjugate.
EDC: 1-(3-dimethylaminopropyl)3-ethylcarbodiimide hydrochloride, sulfo-NHS:

N-hydroxy-3-sulfo-succinimide.
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OO IE. 3K/ O T T LEEIZIDITo 2. Fig10 1IR3 K 51T, PVA-
SPTX 1370 F4r BT £ 227 nm 138 D PTX OWLIEEE NS 51, FEEERNERENTNWD
ZENERTE =, PVA-SPTX ORFFRFIE. RIEMD PVA &L =2 &S PTX OFh
BIZRD0 T REANOZEIENENHEA TS,

(AL}

Wavelength
190 --- 350 nm

Time range
0 --- 20 min

Fig. 10. Three dimensional chromatogram of PVA-SPTX. The retention time of the peak top
of PVA-SPTX was 8.4 min in the cross section at 227 nm. High-performance size-exclusion
chromatography was carried out using a HPLC system equipped with a photodiode array
detector. A 7.8 x 300 mm, TSKgel G4000PWXL column was used at 40 °C . The mobile phase was
20 % acetonitrile in S0 mM LiCl and the flow rate was 1.0 ml/min.

2-3 OV GFEIEENE MBS

1.5 M DENA & A2 07 T UBRER. &2 W3 S EBREERFICBT 5 PVA-SPTX 0 5
D PTX DOiizd;t 2 Mt Uiz, PTX 13 DENA IZR[YA T, 1.5 M DENA 213 PTX 25K 290
pg/ml ETHEMT S EMTES Y, DENA Z2HND T EITE DL > 7 & 21E0
L. PVA-SPTX 72 5 JH U 7= PTX 2SWTHIT % D & i/,

INETOMFATPTX I pH 7 OHHETIIZE T, pH 7L L TIIRHIZHET 2 Z &2
S5MILTWS, PTX MW7 IV USRI THRE D% EEITNy BT 2 I PNERKRT %
TEMMESINTVD ), fix D pH IZHBIT D, PVA-SPTX 705 D PTX O EL, Mk
T TIX PTX ORHNTES . NS 7V AU BEBICB N T, K0 PTX S H L9 0
ZEMBH SN ER ST (Fig 11),
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Fig. 11. Regeneration of PTX from PVA-SPTX in 0.05 M citrate buffer solutions (n = 0.15) of pH
4(0),5(A)or6 () andin 0.05M phosphate buffer solutions (u=0.15) of pH7 (@ ),8 (A )
or 9 ( M) containing 1.5 M DENA at 37 C .

BUHPEDRE RN S B EER (k) BROSEEER k) Z2HEHL. pH & OBk
% Fig. 121279, k 1dpH4~6 TIHFFE —E T.pH7 LA ETHKRT L ENHLNER ST,
I5IC, TOMEEN 1ITELRDFED SRRIERMEIC L > TEMD K SN D 2 EAVRE
SNz Tz KIFWTHROpHIZBWTH k, KD BEMEZERL -,

PVA-SPTX 72 5 T % PTX IZLLFOR TE I NS,

[PTX]=k,[PTX]*/(k, — k,)*(exp( — k,t) — exp( — k,t)) (1)

Z 2T [PTX]1E PTX DA, [PTX]* 1Z PVA-SPTX IZH#5 &3 2 FIRE7 s PTX 4R, k, 1%
HHGEEER. kI fEE TR TH 5.

F7z. PTX O fRIZLA T o TERI NS,

[PTX]=[PTX],exp( — kyt) ()

Z ZT[PTX], 13 PTX OFJEETH %, PVA-SPTX 7 5 hH U7z PTX U8, PTX D7 RIC
DNT.H (1) KU (2) 2% SICIERBR/N_ETOY T L MULTLIC K D @I 217>
7= 9 7))L AU X A% Damping Gauss-Newton 7% i L /=,

pH 7 T®D PVA-SPTX 715 @ PTX HHI#EE (k,=0.187h") 13 PTX D4k (k, = 0.00345
h') ITHART 54 fEHWZ EDNHS N EMR STz, £z, BN 3.7 h, T 201
hTHh->7,
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Fig. 12. pH profile of regeneration rate constant of PTX from PVA-SPTX () and decomposition
rate constant of PTX (@) in 0.05 M citrate buffer solutions (u = 0.15) or phosphate buffer
solutions (n = 0.15) containing 1.5 M DENA at 37 C .

X512, [PTX]* OfEM S PVA-SPTX O PTX & A BT 5 &, WIEEEETRD /- &
—F U7z, ZOFREENS, PVA-SPTX IZHES L7z PTXZ 100% I RIGETdr 5 Z LB S )
s,

2-4 FREREDAE

& 13EY % F 72 PVA DIRNBIBEIFZEIC DWW TOME 217572, YT ANDE 5T,
['"I]-PVA 1Z. 3 HICEE > TIRRIMIK T Z2HE T2 2 25N Lz, PVAIRIZEAEH
BIII M LAy, BRI, B, MR 5 2 LRI N O,

['®I]-PVA-SPTX % S180 4B~ 7 25 L /=B IR INENRE 2 Fig. 13 127", ['*I]-PVA-
SPTX {3 AGER MG 2= R IF R L. BEFICSHICERT 2 2 EHnE R /-,
T DFERMN S, PVA-SPTX I EPR #h 5 @ * 238 L, ZhRMICIESRICERT 2 2 &
RS 17z,

2-5 FIEMROBE

PVA-SPTX O S180 8~ 7 21T 9 SR R & Fig. 14 1TRd, HHREIT PTX #5H 25
mg/kg/d T, 7d, 10d, 14d. 17d, 21 diZ#5 L. 30 d ETOMEBAHREZHEIEL 2. PVA-
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Fig. 13. Time profile of tissue distribution of '*I-PVA-SPTX after intravenous injection (6 mg/kg)
to mice. @, plasma; A, liver; ¥, kidney; B, tumor; O, spleen; /\, lung; [, heart. Each
point represents the mean + SE of five mice.

SPTX #GHE I PO—IVBFE T 2 &, FRIEOHMEZIIHIL 7z, 30 dI2BI1T2F
BT ZNZF. PVA-SPTX #5-871 329+187 mm’, PTX #5878 13044864 mm’, 1
> b a—)LEEAY 42781426 mm’ TdH > 7z,

AFETIE, PVA & PTX OMAGDHODETHD TEASTIOR T v T 2GR T2 EMTE
2o PTX Z PVAIZHEA L, @O T7URT I ETHIET, BMUENPRKEICEESI N,
51T, S180 A~ X ITH T D HIEE R OFE RS 5. PVA-SPTX 13 EPR ZHRICK > TEHR
FNZEB AR ICERFE L. PTX ZIRINT 2 H THIESN R 2T T 2 Z LAVRB I N,

F3IE RUEZITIINa—-IEFRALLEF/ HFOHR

3-1 P&

A Z7 A S TELEED TREEIOE S OEDOFEL, EoTJ / ki K2 M
WBHIETH 2. @HTF /R FHERIZZE OBKEEE IR FHEA 2 NE S 825D T
HD. BAMER) Y —EHAKERY Y —n582 ABE T O w7 IR v —0, APIFETH
FUZHKIERY =13, @a0F70RT v 7 EliATEEEFRECBWTRbHIGFINS
DDS FiEDQVDEDEIN TN D,
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Fig. 14. Antitumor effect of PVA-SPTX and PTX on implanted S180 tumor. Mice were inoculated
with S180 cells (1 x 10° cells / mouse) subcutaneously. PVA-SPTX and free PTX were given as
intermittent intravenous injections on days 7, 10, 14, 17 and 21 after the tumor inoculation. @ ,
PVA-SPTX (25 mg/kg in PTX equivalents); A , PTX (25 mg/kg); B , control (5 % glucose). Each
point represents the mean = SE of six mice (*P < 0.05).

I4ETIE, PEG - RU 7 ZNIF DB R ¥ —TDOX 2NELLEN T2 2L %
MBI 2-methacryloxyethyl phosphorylcholine polymer % FI|F U 7= #ia k30 0 nlva(k @ 7w
HEINTWD, KT, 3FEOBUKMEEZ8A L BUKL PVA Z 5B L. PTX 2N
L=t KT OHEET> /=,

32 BKERUEZILTINO—IDOER

KIS 5> T CTdp 5 PVA 1T 3FFHOBUK MR 28 A U 72 Bfi7kK{k PVA (Stearoyl PVA, Oleoyl
PVA, Cholesteroyl PVA) D& %175 7= (Fig. 15), &hkIT & BBk PVA OIEITENEN.
Stearoyl PVA 78.0%. Oleoyl PVA 85.6%. Cholesteroyl PVA 87.5% T& > /=,

BHoNTE 2 DBHUKIL PVA 2 AW TINR L —2 3 2351k > TPTX NE PVA F / kit
ZREL, ThENERICHEL 2.

3-3 PNA OR4{L
BSOS NZBHUKIE PVA OF ) R PR RE 2 REE S 5 72912, BUK(L PVA BEIZHd 5 PNA
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: C(O)CH,(CH,)CH=CH(CH,),CHj3 Oleoyl PVA
:C(0O)—O Cholesteroyl PVA

Fig. 15. Structures of hydrophobized poly(vinyl alcohol)

Table 1.
Dynamic light schattering measurements on polymer and drug-polymer aqueous solutions.

Mean diameter (nm)

PVA 43
Stearoyl PVA 20.2
PTX in Stearoyl PVA 83.4
Oleoyl PVA 15.6
PTX in Oleoyl PVA 89.5
Cholesteroyl PVA 13.6
PTX in Cholesteroyl PVA 104.8

DHHEZERE L /2. PNA, GRS EDQRETEWR SIREG T2 &, SRR &Mt
WHRENE LSBT DI ENHMENT NS, THUI. PNA 732 &)L INEEOD B/ M RIS
BITT2Z&T AT EMDEMIERENE(LT 2720 TH 2 EEZ 5N TS, Akiyoshi
%13, PNA ZBUKLZHEICHWS 2 & T, F /7RTFEREEZEIEL TWd, NS OHAEIC
HEONWT, 3HEEOBUKI PVA OF /KT ERAEZERIE L /2. W NOB/K{L PVA IZHB W
TH, WEDLFITHES TPNA QHOCIMAKERIGEREMNCS 7 MU, FRHTH SO R E
D¥RZEHAEDT (Fig. 16 ~18), ZDIHAIT, PVA DIZEA L ZBUKEOREICED 5T,
20 ~ 40 pg/ml LA ETEHIR I Nz, ZOREERNS . BUKIL PVAIZZ OFEELL LT PNA Z2NE
fELTWwasdbDEEZ N,
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Fig. 16. Emission maximum and relative fluorescence intensity of PNA as a function of the
stearoyl PVA concentration.

34 F/HFORH

Bf7KAt PVA K OV PTX N PVA F KL+ DKL EE oy i 2 B HLEL TR I & 0 HIE U 7=,
Tablel. [Z/R L7 K DT, REMD PVA ORI FEIZ. 4.3 nm THhDHDITH LT, Bkfb
PVA ORI 74813 13.6 ~ 20.2 nm TdH V. PVA ZHKILT 5 2 & TR TEDEANBIRS
N7z, PTX NG PVA F /KT OSEIFRIT813. 83.4 ~ 104.8 nm T, Bk PVA & LE~THE
TRIZSSITHARLE,

PTX Z& 7 /RiFAL L 7R OVEEEEE. PTX U T 5 mg/ml A ETHO . PTX OIEMREE 0.3
pg/ml & RS 5 & RIBICSKET 5 Z ENTE /2, PTX N PVA F /KL T-H O PTX R %,
HPLC THIET 5 &, PTX in stearoyl PVA 18.8 w/w%. PTX in oleoyl PVA 19.4 w/w%, PTX in
cholesteroyl PVA 19.5 w/w% T& 0, WEALIZ BT % PTX OFHRIZZ1F4. 94.0 %, 97.0 %,
97.5% TH o7z,
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Fig. 17. Emission maximum and relative fluorescence intensity of PNA as a function of the oleoyl

PVA concentration.

3-5 N UZFEILNEPVA T/ KFDENEHE

PTX N PVA F /R FZEX T AIZHEEG L, A2 HIE L7z, PTX in cholesteroyl
PVA %592 &, BGSEKOPTXEBEN 7 —OPTX 25 L4200 X0 & < HRFT
S &R U7z, —/. PTX inoleoyl PVA #5.Tid, PTX ZiZ & A EMHISN/n > (Fig.
19), ZOFEIZ. PVAIZEAT BHKIRICE > TF /R TFOREENRE BABDENHS
mEiz-olz,

AWZETER L Z2BUKE PVA L PTX OFVALICO THERITH 0. @ T-F / KTk
ELUTHIRAITEDAREMEAVR S Nz, S8, M REMENE <. EPREFFIT L > THEA
D PTX FEEFREE T 2@ T /KT HEOGREBR L ZWEEZ S,

S
TR EREIC B W TSI E M O\ WHUTEA 2 W ITRE DS SRR S B 5 0
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Fig. 18. Emission maximum and relative fluorescence intensity of PNA as a function of the
cholesteroyl PVA concentration.

RERFBEEIRH>TND, T T, AWFETIE. PVA Z2E WK E L THWT, &0 FiE#E
K DGR ZET > 720 AR FUEIFERNTHBITIEHL, 2 N—4RIZHMT 201 L,
0 T E O ERNBATIZHIR S NERRICER<HET 2, Lai-> T, M4 ayEbsn
WHEZFE OES TYEZEYHAEE L THOWIUL, 7R My T Tdh 2 EY ORNB)EE 2 HilfH
L. KORTZI v I)VOEWEMREES X T LEEBTLIENTED,

PVAIZ DOX 2 AMAEIHZEN T ORI v T OEKREIT> 7. DOXIZ pH B2
R—Y—TH57 Iy FEEHE AL ADOX FEkZ &M L. ZNEML TPVA EHE
I¥. ZOESTFTORT v 7L, Mk TIILET. BB T UBEMcAasz
ST TUYY—LRIY RY— LB EDOHIELEFICHITT 2 &, DOX & i UMz 3
ERET D, kN5, ADOX DAR—P—DfEEE L Tid cis AR T 5 Z EnHisn
TNV, RBFFRICBWT trans BB FRIRFICAERT 2 2 &2 AU, BESRETICBIT S
PVA-cis-ADOX T} PVA-trans-ADOX 7> 5 O DOX itk & i3 % & Z Dl cis A
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Fig. 19. Time profile of PTX concentration in the plasma after intravenous administration of
free PTX ( A ). PTX in oleoyl PVA ( M) and PTX in cholesteroyl PVA ( @ ). Each drug was
administered to ddY mice at a dose of 25 mg/kg in PTX equivalents.

trans LD BFE L <HWI &2 AL, EABEMEERIZBNTS, PVA-cis-ADOX @
Fi78 trans B K O B B2 R Lz, 2D END, UV —LARITY RV —AND
1 pH £ F TR DOX Z IS B2 2 &M, LA TH S 2 EAvRRE N/,

PTX |3/KICHiO CTHIAMETH B 720, BRK CTIXIAMRAITdH 57 L ER—)L EL 2S8R
REIEH>TND, RIFFETIE, PTX 2 PVAIZHAL. AT ORI w I ETHIET, £
DIRIRMEZ RIBICWET H LN TEZ, £, ATORT v 713, PTX @ 2° fLDKEEED
OINTBEAR—Y—ZNLTPVA EIATIUEGLIZHDTH S, Lh> T, PVA-SPTX
WAL T TAR=Y =D X TIVEEG DK R % 2T TR ZICPTX Z L 72,
Sarcomal80 < ™7 212K L T PVA-SPTX OHESN RER /22 A, T hO—)L &N
THEIZEOMEZIH Lz, ZOREN S, PVA-SPTX IZ EPR #1512 & o TSk ICE
FEL. PTX R4S 2 Z & THERN R 2 FHH T 2 Z LAVRR I N7z,

PR 27 A M T E LRy TIRESIOB DV EDDOFKIT. &1/ kriHkzEm
WEHETH D, AFFETIE, 3EHEOBUKMEEZHEA L ZBUKILPVA (BUKLARD < —)
EER LUz, WTNOBKLPVA &, PTX 2R KL< NELT 5 Z & T, Btttz KRzt
FBIT DI ENTE, IKNENRETIX PTX Z2B/K(L PVA J /R TICNEET 5 2 & THREE
B oM IRE %S < MERFT DM ZER Uiz, AR THR L 728K PVA 12 PTX O HE1L
WO THEMTHO, @oTF Rk E LU TRHHATE S IR VR S Nk,
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