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Fig. 1-1 Schematic structures of polymeric prodrugs proposed by H. Ringsdorf.s)
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Fig. 1-2 Passive targeting to cancer tissues by EPR effect.
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Fig. 1-3 Structures of discrete mechanoradicals and the reaction sequence

for their formation in hydroxyethylcellulose. *?
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Fig. 1-4 Structures of block copolymers synthesized by mechanochemical

solid-state copolymerization.
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Fig. 2-2 Changes in HEC-5-FU and F-HEC ESR spectra with time.
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Fig. 2-4 Changes in HEC-5-FU(A ) and F-HEC (e ) radical concentration with time.
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Fig. 2-5 Changes in HEC-5-FU (A ) and F-HEC (e ) number average

molecular weight (Mn) with time.
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Fig. 2-6 Changes in consumption of HEC-5-FU monomer with time.
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Fig. 2-7 Observed time-course ESR spectra of fractured polymers at 60 Hz.
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Fig. 2-8 Changes in (A) radical concentration and (B) number average molecular
weight (Mn) of fractured polymers at 60 Hz with time.
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Fig. 2-9 HEC  MA-5-FU (6 mol %)
14 (HEC-5-FU (14 h)) HEC-5-FU (14 h) 60
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Fig. 2-9 Drug release with time from the polymeric prodrugs of HEC-5-FU.
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Table 2-1 Number Average Molecular Weight, Polydispersity, and Hydrolysis Rate Constant
of HEC-5-FU (14 h) and L-(HEC-5-FU) (60 min)

Hydrolysis rate
constant (h')
HEC-5-FU (14 h) 30000 4.7 2.12x 107®

L-(HEC-5-FU) (60 min) 12000 1.74 2.24x 1072

Mn (g/mol)  Mw/Mn
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Fig. 3-1 Schematic structures of Dextran.
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Fig. 3-2 Schematic structures of Amylose and Glycogen.
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Fig. 3-3 Progressive changes in observed ESR spectra of fractured Amylosem, Dx and Gly,

together with the simulated spectra shown as dotted lines.

-21 -



ESR

a-D-
a-1,4- Dx a-1,6-
a-1,3-
Dx ( 1,000
)
a-1,6-
Gly
a-1,4- a-1,6-
Fig. 3-3 ESR a-1,4- a-1,6-
(Fig. 3-4)

HO HO

OH OH

HO HO
0 i=0-i
OH o OH|n \ HO HO
OHOy_ ¢ y—OrC
Amylose HO o™
OH OH p

Scission at (b)

_ - ~wO=—CH; *0=—CHa
TO—CH: ) H oH
-t o) b
0 : (:) OH OH 1 O
OH 1-0=1=CH, OH OH
OH: ! .
@ (or° Scission at (a)
on | \ R
OH mrQ==CHa CHz
- Jn wo—3"Oy . OHC
Dextran @)
OH OH 1 O™

OH OH
Scission at (b)

Fig. 3-4 Schematic representation of bond cleavage at a-1,4- and a-1,6-bond.
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Dx Gly
ESR
Dx Gly
Cq
() ()
(Fig. 3-5) ESR Table 3-1
() a-1,4- a-1,6-
DBS
2mT 2T
—ag —
Doublet Singlet

Fig. 3-5 Component spectra for the simulated ESR spectra.

Table 3-1 ESR Spectral Data for Component Radicals in Simulated Spectra
of Amylose and Dx and Gly*

g 2.0052 G =2.0047 g1 = 1.9999
go = 2.0067
gs = 2.0074

AB(L) 1.70

? Values of HSC are given in mT.
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Fig. 3-6  Progressive changes in spectral intensities of component spectra corresponding to
the simulated spectra of Amylose and Dx and Gly.
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Fig. 3-7 Diagrammatic representation of hydrogen-bonding seen in Dx. %V
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Fig. 3-8 Diagrammatic representation of the repeating unit of Dx.

HO, HO,

HO HO OH

Fig. 3-9 Diagrammatic representation of rehybridization-induced effect of myo-Inositol.*?
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Fig. 3-10 Progressive changes in molecular weight distribution of Dx

in the course of vibratory milling.
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Fig. 3-11 Progressive changes in molecular weight of Dx in the course of vibratory milling.
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Fig. 3-12 Progressive changes in particle diameter of Gly

in the course of vibratory milling.
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Fig. 4-1 Reaction scheme of polymeric prodrugs synthesis by mechanochemical

solid-state copolymerization of Dx and MA-5-FU.
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Fig. 4-2 Reaction scheme of polymeric prodrugs synthesis by mechanochemical

solid-state copolymerization of Gly and MA-5-FU.
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Fig. 4-3 Progressive changes in ESR spectra in the course of

vibratory milling of Dx-5-FU and F-Dx.

-33-



MA-5-FU
(Gly-5-FU)

Gly

Gly))
ESR

5-FU MA-5-FU
MA-5-FU
Dx-5-FU
Dx-5-FU

Fig. 4-5 F-Dx

HEC
MA-5-FU

Dx-5-FU

2mT

2h

2h

Gly (Fractured Glycogen (F-
Fig. 4-4  Gly-5-FU  F-Gly
Dx Gly-
Gly
F-Dx
Dx-5-FU 2
Dx
3
3 Dx
Gly-5-FU
- I—Im
2mT 2mT
6 h 14 h
F-Gly
x 5 x 5
| | o |
2mT 2mT
6 h 14 h

Fig. 4-4 Progressive changes in ESR spectra in the course of

vibratory milling of Gly-5-FU and F-Gly.
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Fig. 4-5 Progressive changes in radical concentration in the course of
Dx-5-FU (e ) and F-Dx (4).
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Fig. 4-6 Progressive changes in radical concentration in the course of
Gly-5-FU (e )and F-Gly (4).
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Fig. 4-8 Progressive changes in particle diameter of Gly-5-FU (e )
and F-Gly (A) in the course of vibratory milling.
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Fig.4-9  Dx-5-FU Gly-5-FU
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Gly-5-FU MA-5-FU
(Fig.
4-9) MA-5-FU 7.5 mg ( 6 mol %) Dx-5-FU
2 88% 8
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Fig. 4-9 Progressive changes in monomer consumption in the course of Gly-5-FU
(6 mol%) (m ) Dx-5-FU (6 mol%o) (A ) and Dx-5-FU (3 mol%o) (e ).
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Fig.4-10  Dx-5-FU(3~5mol%) 8

pH7.4 37+05°C

5-FU 265 nm uv
Table 4-1
1 (r=0.9983 ~0.9991) 12 100%
Table 4-1
(3 ~ 5 mol %)
6 mol %
- 100 -
=
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2 50 1
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E 251/
° /
0 T L) T
0 4 8 12
Time (h)

Fig. 4-10 Nature of drug release from the resulting polymeric prodrugs of Dx-5-FU.

Table 4-1 Number Average Molecular Weight, Polydispersity, and
Hydrolysis Rate Constant of Dx-5-FU.

Mn (g/mol) Mw/Mn (x 107 (h)

Hydrolysis rate constant

Dx-5-FU (5 mol%) (8 h)| 24000 5.1 4.31
Dx-5-FU (4 mol%) (8 h)| 24000 5.1 3.94
Dx-5-FU (3 mol%) (8 h)| 23300 5.2 3.53
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Fig.4-11  Gly-5-FU(1~15mol%) 6

Table 4-2
Gly 5 1
(r=0.9996 ~ 0.9997)
Fig. 4-11 1
Gly Gly
Dx 1
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80 - _

e _-
% 60 -
f 40 - Gly-5-FU (1.5 mol%)
E —8—Gly-5-FU (1 mol%)
E 201
O

0 4 8 12
Time (h)

Fig. 4-11 Nature of drug release from the resulting polymeric prodrugs of Gly-5-FU.

Table 4-2 Particle Diameter and Hydrolysis Rate Constant of Gly-5-FU.

Particle diameter Hydrolysis rate constant
(nm) (x 10 (h™)
Gly-5-FU (1.5 mol%) (6 h) 39 3.4
Gly-5-FU (1 mol%) (6 h) 39 2.84
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HEC (Tokyo Kasei Co., Ltd.) Dx (Wako Pure Chemical Industries Co., Ltd.)
200 235 70 10
Gly (from Oyster, Nacalai Tesque Co., Ltd.)

1-Methacryloyl-oxymethyl-5-fluorouracil (MA-5-FU)

MA-5-FU 200 mesh
Formaline (1.0 mL) 5-fluorouracil (500 mg, 3.8 mmol) 70 60
acetnitlile (50 mL)
triethylamine (1.03 mL, 7.4 mmol) acetnitlile
(20 mL) methacryloyl chloride (368 uL, 3.8 mmol)
chloroform (100
mL) chloroform
dichloromethane n-hexane 1:1
MA-5-FU (0.61g, 70.0%) mp; 116-117 IR (KBr); 3200

(N-H), 3075 (-CH=CF), 1720 (-OC=0), 1680 cm™ (C=0) ‘H-NMR (DMSO-dg); &
1.96 (s, 3H, CHs), 5.74 (s, 3H, -CH,- and =CH-), 6.24 (s, 1H, =CH-), 7.70 (d, J = 5.5
Hz, 1H, -CH=CF-), 9.51 (s, 1H, -CONH)

(Fig. )
(Samplatec Corp.)
(Supelco, Inc.)

(LC750/PC-120  Toray Engineering Co., Ltd.)

0.01 ppm
HEC 94.8 mg MA-5-FU 5.2 mg (
6 mol %) ( 14 mm 65 mm) (
6 mm 190 mg) (Type MM 200
Retsch Co., Ltd.) 30 Hz

ESR
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ESR

HEC MA-S5-FU 14
(HEC-5-FU (14 h))

( 7.8 mm
890 mg)
60 Hz

( 6.0 mm
Ltd.)
ESR
ESR

24 mm)

HEC 100 mg

HEC-5-FU (14 h) 100 mg

(Shofu Co.,

In anaerobic atmosphere

(a) Twin-shell blender (7.8mm ¢, 24mm long)
(b) Ball {6.0mm )

(c) Powder sample y

Schematic representation for vibratory ball milling.
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'H-NMR

'H-NMR

Dimethyl sulfoxide-ds (DMSO-dg) FT-NMR (ECA500 JEOL)
Tetramethylsilane (TMS)
. ESR

ESR X 100 kHz ESR

(JES-RE1X JEOL)
ESR ESR
2
(Spin numbers/qg)
(2,2-diphenylpicrylhydrazyl (DPPH) PMMA)
0.01 mW

HEC MA-5-FU (HEC-
5-FU) HEC (F-HEC)

(GPC) ( PU 610 HPLC Pump RI 504R refractive
index detector Model 556 LC column oven ( GL Sciences,
Inc.))
pullulan (Mp = 5,900, 9,600, 21,100, 47,100, 109,000, 200,000, 344,000, 708,000
g/mol)

GPC Shodex GF-1G 7B Shodex GF-7M HQ ( Showa Denko
K. K.) 0.05% LiBr DMSO 0.4 mL/min
60
5-FU 10.1 mg HEC-5-FU (14 h)
16
5.0 mL 265 nm
HEC-5-FU (14 h) pH 7.4 100 mL

(Spectra/Por® 1 Spectrum Laboratories, Inc.; molecular weight
cut-off 6,000 ~ 8,000 g/mol)
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pH 7.4 800 mL
100 rpm
37 0.5

Dx (Wako Pure Chemical Industries Co., Ltd.) 200 235
70 10
Gly (from Oyster, Nacalai Tesque Co., Ltd.)

Dx Gly 100 mg
( 7.8 mm
24 mm) ( 6 mm 890 mg)
(Shofu Co., Ltd.) 60 Hz
ESR
. ESR
ESR ESR X
100 kHz ESR (JES-RE1X JEOL)
ESR
ESR
2 (Spin numbers/qg)
(2,2-diphenylpicrylhydrazyl (DPPH)
PMMA)
0.01 mw
. ESR
ESR JES-RE1X

DELL Inspiron 545S
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(9 (HV) (HSC) ) g

Dx
(GPC) ( PU 610 HPLC Pump RI 504R refractive
index detector Model 556 LC column oven ( GL Sciences,
Inc.))
pullulan (Mp = 5,900, 9,600, 21,100, 47,100, 109,000, 200,000, 344,000, 708,000
g/mol)
GPC Shodex GF-1G 7B Shodex GF-7M HQ ( Showa Denko
K. K) 0.05% LiBr DMSO 0.4 mL/min
60
Gly (DLS) ( ; DLS-5500G  Otsuka
Electronics, ; He/Ne) 9 °
Stokes-Einstein
Marquardt Histogram
Dx Gly 3 Dx (Wako Pure Chemical Industries Co.,
Ltd.) 200 235 70 10
Gly (from Oyster, Nacalai Tesque Co.,
Ltd.)
MA-5-FU 2
Dx Gly 92.5 mg MA-5-FU 7.5 mg (
6 mol %) ( 14 mm 65 mm)
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( 6 mm 190 mg) (Type

MM 200 Retsch Co., Ltd.) 30 Hz
ESR
ESR Dx

Gly 100 mg
'H-NMR

'H-NMR "H-NMR

Dimethyl sulfoxide-ds (DMSO-dg)
FT-NMR (ECAS00 JEOL)

Tetramethylsilane (TMS)

. ESR
ESR ESR X
100 kHz ESR (JES-RE1X JEOL)
ESR
ESR
2 (Spin numbers/qg)
(2,2-diphenylpicrylhydrazyl (DPPH)
PMMA)
0.01 mW
Dx MA-5-FU (Dx-5-FU)
Dx (F-Dx)
(GPC) ( PU 610 HPLC Pump RI1504R
refractive index detector Model 556 LC column oven (

GL Sciences, Inc.))
pullulan (Mp = 5,900, 9,600, 21,100, 47,100, 109,000, 200,000, 344,000,
708,000 g/mol)
GPC Shodex GF-1G 7B Shodex GF-7M HQ ( Showa Denko
K. K.) 0.05% LiBr DMSO 0.4 mL/min
60
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Gly  MA-5-FU (Gly-5-FU)

Gly (F-Gly)
(DLS) ( ; DLS-5500G  Otsuka Electronics, ; He/Ne)
9 ° Stokes-Einstein
Marquardt Histogram
5-FU 10.1 mg Dx-5-FU (8 h) Gly-5-FU (6 h)
16
5.0 mL 265
nm Dx-5-FU (8
h) Gly-5-FU (6 h) pH 7.4 100 mL

(Spectra/Por® 4 Spectrum Laboratories, Inc.; molecular weight cut-off 12,000 ~
14,000 g/mol)

pH 7.4 800 mL

100 rpm
37 0.5
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DBS: Dangling bond sites

DDS: Drug delivery system

DLS: Dynamic light scattering

DMSO: Dimethyl sulfoxide

DPPH: Diphenylpicrylhydrazyl

Dx: Dextran

Dx-5-FU: Mechanochemical solid-state copolymerization of Dx and MA-5-FU
EPR: Enhanced permeation and retention

ESR: Electron spin resonance

F-Dx: Fractured Dx

F-Gly: Fractured Gly

F-HEC: Fractured HEC

5-FU: 5-Fluorouracil

Gly: Glycogen

Gly-5-FU: Mechanochemical solid-state copolymerization of Gly and MA-5-FU
GPC: Gel permeation chromatography

H: Polydispersity

HEC: Hydroxyethylcellulose

HEC-5-FU: Mechanochemical solid-state copolymerization of HEC and MA-5-FU
ky: Hydrolysis rate constant

L-(HEC-5-FU): HEC-5-FU (14 h) possessing lower molecular weight
MA-5-FU: 1-Methacryloyl-oxymethyl-5-fluorouracil

Mn: Number average molecular weight

Mw: Weight average molecular weight

'H-NMR: Proton nuclear magnetic resonance

PEG: Polyethylene glycol

PMMA: Polymethyl methacrylate

Ry: Hydrodynamic radius

SSET: Solid-state single electron transfer

TMS: Tetramethylsilane

Tg: Glass Transition temperature
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