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examination of the characteristics of BrdU positive-cells
other than CD31, DCX, or NeuN. In addition, how these
histological changes in fluvastatin-treated rats were mecha-
nistically linked to improved outcome was not clarified.
Further study is necessary to clarify these points.

Summary

Overall, delayed postischemic chronic fluvastatin treatment
showed beneficial effects on the recovery of cognitive im-
pairment after stroke by enhancement of neuritogenesis and
of angiogenesis and a decrease in A deposition and super-
oxide anion production. Further studies might show potential
clinical utility 1o treat cognitive impairment in patients with
ischemic stroke.
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In vivo imaging of small laboratory animals facilitates objective assessment of pharmaceutical devel-
opment and regenerative therapy in pre-clinical studies. Radionuclide imaging such as PET or SPECT is
especially important because it allows to quantitatively assess physiological functions due to high sensi-
tive tracing technique. This paper describes the significances and applications of quantitative functional
assessment in small animal imaging, and then discusses quantitation about kinetic analysis and image
reconstruction in microSPECT. Finally, it introduces quantitative functional imaging studies using
microSPECT.
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Geometric resolution (R,)
R, =(a+b)—=
a
d,: effective pinhole diameter
System resolution (R,)

R, = ,]R; +3R;‘
a

R;: intrinsic detector resolution

Object Resolution o< d, x(a+b)a
Sensitivity oc d, ¥/b?

Fig. 1 Physics of pinhole SPECT. Spatial resolution and
sensitivity can be improved by positioning a collima-
tor closer to an object.
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‘Table 1 Representative radionuclides used in SPECT study.

Isotope Energy Half life Tracer Application
mTe 140 keV 6.01 hr MDP/HMDP bone scan
MIBI myocardial perfusion
tetrofosmin myocardial perfusion
TRODAT dopamine transporter
2017 70 keV 729 hr TICI myocardial perfusion
1231 159 keV 133 hr BMIPP beta-oxidation
MIBG sympathetic
B-CIT dopamine transporter
Tomazenil benzodiazepine receptor
13y 364 keV 8.04 day thyroid
571Ga 93, 185, 300 keV 3.26 day citrate tumor
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Pinhole orbit

o
\‘

epep opjdinyy

Scan orbit

Multi-disk phantom
Fig. 2 Comparison between conventional acquisition and complete data acquisition in multi-disk phantom study
and mouse bone scan with ®™Tc. Data acquired by conventional single circular orbit are incomplete.

Complete data are acquired by two-circular orbit. Complete data improve axial blurring and non-uniform
spatial resolution in pinhole SPECT. .
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Fig. 3 Schematic diagram to show conditions for truncation
compensated reconstruction in 3D pinhole SPECT.
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Fig. 4 Reconstructed images and myocardial counts obtained by
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generated data with the different amount of truncation
from rat experimental data. TC-3DOSEM method
eliminates overestimation and provides quantitative

image in independence of the amount of truncation.

St N

Fig. 5 Photograph of our

microSPECT

rat cardiac imaging study.

—-205-

a &‘.4

system and



Med Imag Tech Vol.26 No.l January 2008 19

BEDOD1-STHS. 6EOPFEET A~ T 2%
gL, ZOF0 3 CIIxr LT BRI
ZBH AR Lis. KIBRBE 3 ML L IR 3 LI
BWT, ¥R —/LSPECT & ?[-iodoamphetamine
(IMP) %AV nKEROFUHER LV
BHIGEDREFTM L7, BKA SPECT %&
(GCA-7200A, Toshiba) IZE > F—Nal A—#
FEEF L, IMP #5410 HEICHE BN E BE A
T—IIKiRY, & 1BESPECTRRLE. ¥
F—/VH3D-OSEM THERL L TR b ERIC
2ay = kAU MEFN (22) #EALT, &

é

64 mm

Fig. 6 Imaging geometry. Rat was set in a dedicated holder
for conscious condition.

transverse 1 coronal 1 sagittal 1

v . v o
- @-0-0-
a a “a

Fig. 7 Representative rat cardiac images obtained by
our microSPECT and °'T1.

Time activity curve

_.RestRest
e ﬁ\

"'Y Scan1  Scan2

S OO U . PR [N
B 5, e 3
Toma toen)

cps/mL

Rest-Stress

Beeoa; .

cpsiml
1]
3
L]
—
:,;
f
/I
13

”'“‘;"Scam Scan2 ]

.
oo 00

PR E 0.9 mm O 3 KoTARRR L 55 Sy A 1R % 75
7z (Fig 9). ANBEEKRFIERTSED< T RAD
BEROICL>TRONAEEAHBEEEZHA
L, DEEKIT 45miml (23) ZERALE.
7=, SPECT & DRIIC MRI T T2 HMAE R % 15
THESPE LT, EERREZHE L (Fig
9). BohAB/ATMLKEE, EHEMTI109 £
021 ml/g/min ThHYH, O/ —<A~TR%E
4C ¢A—PFUF I T74TRIELEERER
(24) O#BETH 7. —F, WERT 076 +
0.18 ml/g/min THY, AREIMMIETEALHL
Fo. Ef, RIGRBLIBERBEOLE TR, AE
HCHMORKBROEKEDRNEON. Erk—
J SPECT T~ U7 AHEEE TN % B\ 2 HED
EEFEATHETHS. 4%, R—< U X2 X
% invivo BYELBRBRETFELTWS. £,
IBHEBBIIIANTF KR F I DA A—D
JEAREL L, <A 7 1 PET 2% 5 &ilfice v
DBHLENBOHLNS.

6. Tt &

BRI B A2 & ORMBERFRICEIT 5
NEIA A= OEROBETFHIIEE,
BHEZH-o-TWE. BREBRELZETEI~A /1
SPECT ¥ BiRIBEOYHEBT2M LRI L > T
/NEWY PET BIRRICEBBT B FEEIC 2o Z &
L BEOREILFE-TESERELSE¥RTS
bOLEZILNS.

Myocardial blood flow

Rest-Rest(N=4)
F N ——
D 2, ]
£ .
E 1 §Fe==s
0.5} D

Scanl Scan2

olL.
- Rest-Stress (N=4)
h< J—— — e

D s 5 u;‘ikg
£ 3 ualk
E .. RS mkg
2 ' g;::""';"""y 1 pgrkg
E &
0.5
ol.Scanl Scan2

Fig. 8 Quantitaion of rat myocardial blood flow using data from microSPECT. Lefi: Representative time activity curves in
rest-rest and rest-stress studies. Right: Myocardial blood flows calculated by two-compartment model. Coronary flow

reserves were assessed in rest-stress studies.

—206—



20 Med Imag Tech Vol.26 No.l January 2008

SPECT
ml/g/min

Infarction g1.3

Infarction

Fig. 9 Co-registrated MR and SPECT images of cerebral
infraction model mouse. Left: T2 weighted image
obtained by MRI. Right: Quantitative cerebral blood
flow image obtained by pinhole SPECT and '#[-IMP.

I

AFRO—EBIL, MMIITHREARERFIRARBES
BEES 1702, BIXUVEASBREHTERMHE 122
ADBEHNERR) KLY EEINE.

x "B

(1) Larobina M, Brunetti A, Salvatore M: Small animal
PET: a review of commercially available imaging systems.
Curr Med Imag Rev 2: 187-192, 2006

(2] Mickle SR, Kench P, Kassiou M et al : Small animal
SPECT and its place in the matrix of molecular imaging
technologies. Phys Med Biol 50: R45-R61, 2005

(3) &% &, BREE, LEgE b xRe7 5%
FIM L= v 25—/ SPECT. Med Imag Tech 23: 9-16,
2005 -

(4] LiuZ, Kastis GA, Stevenson GD et al: Quantitative anal-
ysis of acute myocardial infarct in rat hearts with ischemia-
reperfusion using a high-resolution stationary SPECT sys-
tem. J Nucl Med 43: 933-939, 2002

{5]) Schramm NU, Ebel G, Engeland U et al: High-resolution
SPECT using multipinhole collimation. IEEE Trans Nucl
Sci 50: 315-320, 2003

(6 ) Beckman FJ, van der Have F, Vastenhouw B et al: U-
SPECT-I: a novel system for submillimeter-resolution
tomography with radiolabelled molecules in mice. J Nucl
Med 46: 1194-1200, 2005

(7] Zeniya T, Watabe H, Aoi T et al: A new reconstruction
strategy for image improvement in pinhole SPECT. Eur J
Nucl Med Mol Imaging 31: 1166-1172, 2004

(8] Watabe H, Ikoma Y, Kimura Y et al: PET kinetic analy-
sis-compartmental model. Ann Nucl Med 20: 583-589,
2006

(9) Kudomi N, ChoiE, Yamamoto S et al: Development of a
GSO detector assembly for a continuous blood sampling
system. [EEE Trans Nucl Sci 50: 70-73, 2003

(10) Acton PD, Choi S-R, Plassl K et al: Quantification of
dopamine transporters in the mouse brain using ultra-high
resolution single-photon emission tomography. Eur J Nucl
Med 29: 691-698, 2002

{(11) Sohlberg A, Watabe H, Zeniya T et al: Comparison of
multi-ray and point-spread function based resolution recov- .
ery methods in pinhole SPECT reconstruction. Nucl Med
Commun 27: 823-827, 2006

(12) frEFH, BEWBES, REER, B SPECT £~
REBEEROERL L BEL. BEHEAR Yy —F
Vv 16: 742-752, 2007

{13) Wang Y, Du Y, Mok SP et al: Towards quantitative
high-resolution pinhole SPECT imaging. [Abstract] J Nucl
Med 45(suppl 2): 110, 2005

(14} Deloar H, Watabe H, Aoi T et al: Evaluation of penetra-
tion and scattering components in conventional pinhole
SPECT: phantom studies using Monte Carlo simulation.
Phys Med Biol 48: 995-1008, 2003

(15) van der Have F, Beckman FJ: Penetration and scatter in
channel micro-pinholes for SPECT: a Monte Carlo investi-
gation. 2004 IEEE Nuclear Science Symposium Confer-
ence Record 4: 2575 - 2578, 2004

(16) Vanhove C, Defrise M, Franken PR et al: Interest of the
ordered subsets expectation maximization (OS-EM) algo-
rithm in pinhole single-photon emission tomography recon-
struction: a phantom study. Eur J Nucl Med 27: 140-146,
2000 )

{17 Metzler SD, Greer KL, Jaszczak RJ: Helical pinhole
SPECT for small-animal imaging: a method for addressing
sampling completeness. 'IEEE Trans Nucl Sci 50: 1575-
1583, 2003

(18) Defrise M, Noo F, Clackdoyle R et al: Truncated Hilbert
transform and image reconstruction from limited tomo-
graphic data. Inverse Probl 22: 1037-1053, 2006

(19) Zeniya T, Watabe H, Sohlberg A et al: 3D-OSEM recon-
struction from truncated data in pinhole SPECT. 2007 IEEE
Nuclear Science Symposium Conference Record: 4205-
4207, 2007

{20) Zeniya T, Watabe H, Aoi T et al: Use of a compact
pixellated gamma camera for small animal pinhole SPECT
imaging. Ann Nucl Med 20: 409-416, 2006

(21) Hda H, Eberl S: Quantitative assessment of regional
myocardial blood flow with thallium-201 and SPECT. J
Nucl Cardiol 5: 313-331, 1998

(22] TIida H, Itoh H, Nakazawa M et al: Quantitative mapping
of regional cerebral blood flow using iodine-123-IMP and
SPECT. J Nucl Med 35: 2019-2030, 1994

(23) lida H, Akutsu T, Endo K et al: A multicenter validation
of regional cercbral blood flow quantitation using
['?*1]Jiodoamphetamine and single photon emission com-
puted tomography. J Cereb Blood Flow Metab 16: 781-793,
1996

(24) Maeda K, Mies G, Oléh L et al: Quantitative measure-
ment of local cerebral blood flow in the anesthetized mouse
using intraperitoneal [14Cliodoantipyrine injection and
final arterial heart blood sampling. J Cereb Blood Flow
Metab 20: 10-14, 2000

88 M (Fze oLl

199 E U KETEMIER T ERIER.
1993 FUBREXFER LEHTERFRT
FHRELRERET. REMBN AT 42
ARt 2002 SFIBRFXRFBRBRIFHE
B RAT7 AEBRIFFRIG LR YRES
T. 2001~2002 4 B A Z IR 15 3IB5E
8. B BIRRBHE ¥ —FRFE
EELREE Y —BEREFRHENE
8. ¥t (I%). /&4 SPECT, ERFEIR
RIEOHRARICEE. 1998 FAEXER
B THLRIE. 2005 FHAKESS
HERBHK.

—-207-



Polymer Journal, Vol. 39, No. 10, pp. 1065-1070 (2007)
©?2007 The Society of Polymer Science, Japan

Synthesis of Sugar-Polysiloxane Hybrids Having Rigid Main-Chains
and Formation of their Nano Aggregates

Koutarou BEPPU,! Yoshiro KANEKO,! Jun-ichi KADOKAWA, LT
Hidezo MoR1,? and Takehiro NISHIKAWA?

1 Department of Nano-structured & Advanced Materials, Graduate School of Science and Engineering,
Kagoshima University, 1-21-40 Korimoto, Kagoshima 890-0065, Japan
2National Cardiovascular Center Research Institute, 5-7-1, Fujishirodai, Suita 565-8565, Japan

(Received March 22, 2007; Accepted July 12, 2007; Published August 28, 2007)

ABSTRACT:

We synthesized sugar-polysiloxane hybrids having rigid main-chains by reaction of sugar-lactones

with amine-functionalized polysiloxane (1). Reaction of gluconolactone (2) with 1 was performed to obtain polysilox-
ane (3) having polyol moieties derived from glucose. This material has the regularly controlled higher-ordered structure
in solid state such as the hexagonal phase. A hydrophilic sugar-polysiloxane hybrid (5) was prepared by reaction of
lactobionolactone (4) with 1. Furthermore, an amphiphilic sugar-polysiloxane hybrid (8) was synthesized by introduc-
tion of stearoyl groups in addition to sugar groups on the surface of 1. The SEM image of the amphiphilic material 8
exhibited formation of nano aggregates having the particle diameters of ca. 50nm in water.

[doi:10.1295/polym;.PJ2006268)
KEY WORDS
Aggregate /

There has been a growing interest in sugar portions
of the glycoproteins because of exhibiting to bind to
carbohydrate-recognition proteins, toxins, viruses,
and cells. It has been known that a molecular assem-
bly formed from the sugar-residues in the living sys-
tem expresses stronger recognition ability than that
of a single sugar molecule. This, so-called multivalent
or cluster effect, has become a principle in the design
of artificial glycoconjugate ligands. Therefore, poly-
meric materials having such functional sugar-residues,
i.e., ‘glycopolymer’, have widely been investigated
because these materials efficiently show the multiva-
lent effect.! So far, a number of such glycopolymers
have been synthesized, which are composed of vari-
ous organic polymer main-chains combined with a
variety of sugar side-chains.26

Inorganic polymers such as polysiloxanes have var-
ious of interesting properties, e.g., high oxygen per-
meability, low toxicity, and biocompatibility, which
are advantages as biomaterials. Therefore, sugar-poly-
siloxane hybrids would be expected to have a signifi-
cant potential for biological applications. In previous
study, synthesis of such sugar-inorganic hybrids, com-
posed of polydimethylsiloxane main-chain has been
reported.” % Since the main-chain has relatively flex-
ible nature, nanostructures of the hybrid materials
have not been controlled well.

- Based on the above viewpoints, we paid attention to
amine-functionalized polysiloxanes!!"!? for the main-
chain of new sugar-polysiloxane hybrids, which were

Glycopolymer / Sugar-lactone / Polysiloxane / Amphiphilic / Hybrid / Nano

prepared by sol-gel reaction of amine-functionalized
organoalkoxysilanes in strong acid aqueous solutions.
The materials "have rigid structures and construct
hexagonal phase in solid state, because their frame-
works are Si-O-Si network structures derived from tri-
functional organoalkoxysilane. Furthermore, the ma-
terials are soluble in water and have reactive amino
groups on the surface. Their rigidity, solubility, and
reactivity would be advantageous properties to con-
trolling nanostructures and introduction of various
functional groups on the surface, in addition to the
general characteristics of the inorganic polymers.

In previous communication, we briefly reported
simple preparation method for a rigid polysiloxane
hybrid (3) having polyol moieties using the amine-
functionalized polysiloxane (1) and gluconolactone
(2) (Scheme 1).!> Because the sugar lactones like 2
react with the amino groups without protection of
the hydroxy groups, they are useful substrates for such
the simple procedure to exclude multi-reaction steps.
However, 2 was not suitable for preparation of mate-
rials containing the sugar substituents, because the
ring-opened moieties like the side chain of 3 formed
from 2 had no any sugar-residues. Therefore, we have
been carrying out studies on the synthesis of sugar-
functionalized polysiloxane hybrids using disaccha-
ride-lactone such as lactobionolactone (4), because
the existence of sugar-residues can be maintained in
spite of opening the lactone ring of 4 by the reaction
with 1.

*To whom correspondence should be addressed (Tel: +81-99-285-7743, Fax: +81-99-285-3253, E-mail: kadokawa@eng kagoshima-u.ac.jp).
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In this paper, we describe the synthesis of sugar-
polysiloxane hybrids having rigid main-chains by
the reaction of sugar-lactones with 1. Furthermore,
we prepared an amphiphilic sugar-polysiloxane hybrid
by introduction of long alkyl chains in addition to
sugar-residues on the surface of 1 to promote the for-
mation of the nano aggregates in water, expecting the
multivalent effects.

EXPERIMENTAL

Materials

The polysiloxane 1 was prepared according to
‘the literature procedure.!! N,N-Dimethylformamide
(DMF), dimethyl sulfoxide (DMSO), and triethyl-
amine were purified by distillation. Other reagents
were used as received.

Reaction of 1 with Gluconolactone 2'3

To a suspension of 1 (0.147 g, 1.0mmol unit) in
DMF (2.5 mL) was successively added triethylamine
(0.15mL, 1.1 mmol) and a solution of 2 (0.891g,
5.0mmol) in DMF (10mL) with vigorously stirring
at 80°C under argon. After the mixture was stirred
further at that temperature for 13h, the obtained
product was isolated by filtration, washed with DMF
and acetone, and then dried under reduced pressure
at 40°C to yield 0.191 g of the yellow-powdered 3.
'H NMR (600 MHz, D,0): § 4.38-4.26 (br, -C(=0)-
CH-), § 4.16-4.05 (br, -C(=0)CH(OH)CH-), 4 3.88-
3.60 (br, -CH(OH)CH(OH)CH;-), § 3.41-3.10 and
3.06-2.91 (br, -NCH>-), & 1.88-1.45 (br, -NCH,CH-
CH,Si-), § 0.94-0.47 (br, -CH,Si-).

Synthesis of Hydrophilic Sugar-Polysiloxane Hybrid
(5)

To a suspension of 1 (0.147g, 1.0mmol unit) in
DMSO (3.0 mL) was successively added triethylamine
(0.34mL, 2.4 mmol) and a solution of 4 (1.701 g, 5.0
mmol) in DMSO (10mL) with vigorously stirring at
80 °C under argon, and the mixture was stirred further
at that temperature for 2 h. The mixture became grad-
ually homogeneous solution. The solution was poured
into acetone (300mL) to precipitate the powdered

1066

product. The precipitated product was isolated by fil-
tration, successively washed with acetone, hydre-
chloric acid (HCI) methanol solution and methanol,
and then dried under reduced pressure at 40°C to
yield 0.332g of the light yellow-powdered §.. .
'H NMR (600 MHz, D,0): § 4.65-4.50 (br, -OCH--
(CH-)0-), & 4.50-4.32 (br, -C(=0)CH(OH)-), § 4.32~
4.13 (br, -C(=0)CH(OH)CH(OH)-), & 4.08-3.49 (br,
-CH(O-)CH(OH)CH,0OH, -CH(OH)CH(OH)CH(OH)-
CH(O-)CH,0H), é 3.40-3.12 (br, -C(=O)NHCH;-),
5 3.12-2.87 (br, CI-NH;CH,-), § 1.95-1.43 (br,

-NCH,CH,CH,Si-), § 0.93-0.50 (br, -CH,Si-).

Synthesis of Stearoyl-Carrying Polysiloxane (7)

To a solution of 1 (0.440 g, 3.0 mmol unit) in water
(10mL) was successively added triethylamine -
(1.0mL, 7.2 mmol) and a solution of stearoyl chloride
(6) (0.182¢g, 0.6mmol) in DMF (30 mL) with vigo-
rously stirring at room temperature, and the solution
was stirred further at that temperature for 10 min.
After 5mol/L HCl aqueous solution (2.88 mL, 14.4
mmol) was added to this mixture and this solution
was stirred further for 5 min, the solution was poured
into acetone (300mL) to precipitate the powdered
product. The precipitated product was isolated by fil-
tration, washed with acetone and chloroform, and then
dried under reduced pressure at 40°C to yield 0.437 g
of the white-powdered 7. 'H NMR (600 MHz,
DMSO0-ds-D,0): § 3.09-2.72 (br, -NCH>-), § 2.20—
2.01 (br, -C(=0)CH,-), § 1.88-1.55 (br, -NCH,CH>-
CH,Si-), § 1.50-1.40 (br, -C(=0)CH,CH>-), 6 1.28—
1.10 (br, -CCH,C-), § 0.95-0.45 (br, -CH3, -CH-Si-).

Synthesis of Amphiphilic Sugar-Polysiloxane Hybrid
(8)

To a solution of 7 (0.150g, 1.3mmol unit) in
DMSO (5mL) was successively added triethylamine
(0.46mL, 3.3mmol) and a solution of 4 (2.212g,
6.5 mmol) in DMSO (15mL) with stirring at 80°C,
and the solution was stirred further at that temperature
for 2h. The solution was poured into acetone (300
mL) to precipitate the powdered product. The precipi-
tated product was isolated by filtration, successively
washed with acetone, HCl methanol solution and

Polym. J., Vol. 39, No. 10, 2007
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methanol, and then dried under reduced pressure at
40°C to yield 0.270 g of the light yellow-powdered
8. 'H NMR (600 MHz, DMSO-ds-D,0): 5 4.46-4.28
(br, -OCH(CH-)O-), § 4.28-4.11 (br, -C(=0O)CH-
(OH)-), § 4.11-3.95 (br, -C(=0)CH(OH)CH(OH)-),
8 3.90-3.28 (br, -CH(O-)CH(OH)CH,0H, -CH(OH)-
CH(OH)CH(OH)CH(O-)CH,0OH, overlapped with
HOD signal), § 3.28-2.96 (br, -C(=O)NHCH>-), 8
2.96-2.70 (br, C1-NH3CHj;-), § 2.20-2.01 (br, -C(=0)-
CH>-), 6 1.80-1.32 (br, -NCH,CH;CH,Si-, -C(=0)-
CH,CH;-), § 1.28-1.13 (br, -CCH,C-), § 0.88-0.80
(br, -CH3), é 0.80-0.36 (br, -CH,Si-).

Measurements

The IR spectra were recorded using a SHIMADZU
FT/IR-8400 spectrometer. The 'H NMR spectra
(600MHz) were recorded using a JEOL ECA600
spectrometer. The gel permeation chromatographic
(GPC) analyses were performed by using a TOSOH
CCPD with RI detector under the following condi-
tions: Shodex GF-310 column with water as the eluent
at a flow rate of 0.5mL/min. The calibration curve
was obtained using pullulan standards. The X-ray
diffraction (XRD) measurements were conducted at
a scanning speed of 26 = 0.2°/min using a RINT
1200 (Rigaku Co., Ltd) diffractometer with Ni-filtered
CuKo radiation (1 = 0.15418nm). The scanning
electron microscope (SEM) images were obtained
using a Hitachi S-4100 electron microscope. The
dynamic light scattering (DLS) measurement was per-
formed on a Zetasizer 3000 (Malvern Instruments).

RESULTS AND DISCUSSION

Reaction of 1 with 2

As previously reported,!? an introduction of 2 to 1
was performed by heating at 80°C in the presence
of triethylamine in DMF to prepare a rigid polysilox-
ane 3 having polyol moieties (Scheme 1). The ob-
tained product 3 was soluble in water and DMSO,
but insoluble in typical organic solvents such as meth-
anol, acetone, chloroform, and n-hexane.

The IR spectrum of the product showed an absorp-
tion at 1150cm™! attributed to the Si-O bond of the
polysiloxane, an absorption at 1080cm™! assigned
to the C-O bond of the polyol moiety derived from
2, and an absorption at 1650cm™! due to the C=0
bond of the amido group. In addition, the 'H NMR
spectrum in DO of the product showed both signals
due to 1 and 2. Furthermore, a methylene signal (8
3.41-3.10) neighboring the amido group was appeared
at lower magnetic field compared with a signal (§
3.06-2.91) neighboring the unreacted amino group.
These spectroscopic results indicated that the product
has the structure 3 connecting 1 with 2 by the covalent

Polym. J., Vol. 39, No. 10, 2007

bonds. The functionality of 2 to 1 was calculated to be
ca. 75% based on the integrated ratio of the methylene
signal neighboring the amido group to the methylene
signal neighboring the silicon atom.

The molecular weights of 3 and 1 were evaluated
by GPC analyses with water as the eluent. The GPC
peak of 3 was shifted to the range of higher molecular
weight compared to that of 1. The M, values of 3 and
1 estimated using pullulan standards were 21,200
g/mol (My /My = 1.33) and 10,300 g/mol (M,,/M, =
1.41), respectively.

The XRD profile of 3 showed three peaks with the
d-value ratio of 1:1/+4/3:1/2 assigned to the (100),
(110), and (200) peaks, respectively, indicating that
the product has a hexagonal phase. Additionally, the
d-value of the (100) peak of 3 (d = 1.76 nm) was larg-
er than that of 1 (d = 1.41 nm). This indicates that the
hexagonal phase in solid state was maintained in spite
of the increase in the d-value by introduction of 2 to 1.

The above analytical data indicated that 2 efficient-
ly reacted with the amino groups in 1, giving rise to 3.
To introduce the sugar moieties such as galactose res-
idues on the surface of 1 by means of this reaction
manner, the following experiments were performed
using lactobionolactone 4.

Synthesis of Hydrophilic Sugar-Polysiloxane Hybrid 5

We investigated synthesis of galactose-functional-
ized polysiloxane hybrid § by the reaction of 4 with
1. Procedures for synthesis of 5 were almost same
as those of 3. Since the reaction in DMF gave the in-
soluble product, however, we employed DMSO as the
alternative solvent, which was favorable for this reac-
tion system. When an introduction of 4 to 1 was per-
formed by heating at 80 °C in the presence of triethyl-
amine in DMSO (Scheme 2), the initial reaction
system was heterogeneous, which gradually became
homogeneous with progress of the reaction. After
the product was isolated as the fraction insoluble in
acetone, unreacted amino groups were converted to
ammonium cations by addition of HCI methanol solu-
tion in order to increase solubility and stability of the
product in water. The obtained product 5 was soluble
in water and DMSO, but insoluble in typical organic
solvents such as methanol, acetone, chloroform, and
n-hexane.

The IR spectrum of the product showed absorptions
at 1650 cm™! attributed to the C=0 bond of the amido
group, indicating the introduction of 4 to 1. The
'H NMR spectrum in D, of the product in Figure 1
shows both signals derived from 1 and 4. Furthermore,
a methylene signal H, neighboring the amido group
appeared at lower magnetic field compared with a
signal Hy neighboring the unreacted amino group.
These spectroscopic data support the structure S of
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Figure 1. 'HNMR spectrum of 5 in D,0O. Chemical shifts
were referenced to sodium 2,2-dimethyl-2-silapentane-5-sulfonate
(DSS) (6 0.0ppm).

the product. The functionality of 4 to 1 was calculated
by the integrated ratio of the signal Hj to the signals
H, and Hy in Figure 1 to be ca. 57%. Although the
XRD profile of 3 showed three peaks for a typical
hexagonal phase as described above, no diffraction
peak was observed for 5, indicating that a regular
higher-ordered structure was not formed in the solid
state. This would be because that the bulkiness of 4 af-
fected the higher-ordered structure of 5. However, 5

probably has the rigid structure in the solution due
to the Si-O-Si network structure of the main-chain de-
rived from trifunctional organoalkoxysilane. The mo-
lecular weight (M,) of 5 estimated by GPC analysis
with water as the eluent using pullulan standards
was 44,700 g/mol (M,,/M, = 1.44).

Synthesis of Amphiphilic Sugar-Polysiloxane Hybrid 8

To promote the formation of the nano aggregates of
sugar-polysiloxane hybrid, we attempted synthesis of
an amphiphilic hybrid 8 by introduction of the hydro-
phobic stearoyl groups in addition to the hydrophilic
sugar groups on the surface of 5. However, the reac-
tion of 5 with stearoyl chloride 6 did not proceed to
obtain 8, probably due to bulkiness of sugar-residues
existed on the surface of 5. As an alternative reaction
manner, an introduction of 6 to 1 was firstly carrted
out in the presence of triethylamine in water/DMF
mixed solvent at room temperature to produce stearo-
yl-carrying polysiloxane 7 (Scheme 3). After addition
of HCl aqueous solution to this reaction solution, the
product was isolated as the fraction insoluble in ace-
tone. The obtained product 7 was soluble in DMSO,
but insoluble in water.

The IR spectrum of the product showed an absorp-
tion at 1640cm™! assigned to the C=0 bond of the
amido group. In addition, the 'H NMR spectrum in
DMSO0-dg (including a small amount of D,0) of the
product in Figure 2 shows both signals derived from
1 and 6. These spectroscopic results indicate the intro-

S §
6,EN  HCI C o 4, EtaN
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Figure 2. 'H NMR spectrum of 7 in DMSO-d; (including a
small amount of D,0). Chemical shifts were referenced to DMSO
(6 2.5ppm).

duction of 6 to 1, leading to 7. The functionality of 6
to 1 was calculated to be ca. 2% based on the integrat-
ed ratio of the signal Hy to the signal Hp and Hy.
When the feed ratio of 6 to 1 was increased, the in-
soluble product was obtained.

As a second step, we carried out a reaction of 4 with
7 by heating at 80 °C in the presence of triethylamine
in DMSO to obtain amphiphilic sugar-polysiloxane
hybrid 8 (Scheme 3). The product was isolated as
the fraction insoluble in acetone, followed by washing
with acetone, HCl methanol solution, and methanol.
The obtained product 8 was soluble in water and
DMSO, but insoluble in typical organic solvents such
as methanol, acetone, chloroform, and n-hexane.

The IR spectrum of the product showed an absorp-
tion at 1140cm™! attributed to the Si-O bond, an ab-
sorption at 1080cm™! assigned to the C-O bond of 4,
and an absorption at 1650 cm™! due to the C=0 bond
of the amido group. Additionally, the 'H NMR spec-
trumn in DMSO-dg (including a small amount of D,0)
of the product in Figure 3a shows signals derived
from 1, 4, and 6. Furthermore, the methylene signals
H, and Hy, of the product shift to higher field and
the methylene signal H, shifts to lower field compared
with those of 7. These shifts have also been observed
in the synthesis of 3,'* and are attributed to progress of
the amidation reaction of 7 with 4. These spectro-
scopic results fully support the structure of the sugar-
and stearoyl-functionalized polysiloxane 8. The func-
tionality of 4 to 1 was calculated by the integrated
ratio of the signal Hy to the signal H; in Figure 3
to be ca. 48%, when the reaction was carried out
under the conditions as described in experimental sec-
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Figure 3. 'H NMR spectrum of 8 (a) in DMSO-ds (including
a small amount of D,0) and (b) in D,0. Chemical shifts were ref-
erenced to DMSO (5 2.5 ppm) and DSS (8 0.0 ppm), respectively.

tion. The functionalities were variable by changing
the feed ratio.of 4 to 7.

Interestingly, intensity of a signal Hy due to stearo-
yl group of 8 in D,O decreases compared with that in
DMSO-dg (Figure 3b). This observation indicates that
the stearoyl groups existed in the inside of the intra
and intermolecular aggregates of 8 in D,O. To con-
firm the formation of nano aggregates of 8 in water,
SEM image of 8 was taken. The SEM specimen was
prepared by evaporating an aqueous solution of 8 on
a spinning aluminium plate. The SEM image of the
surface of 8 coated on the aluminum plate shows that
nano aggregates were formed from 8 (Figure 4); nano
aggregates having the particle diameters of ca. 50 nm
are appearing at high frequency and larger particles
that represent a diameter of ca. 500 nm are coexisting
with smaller aggregates at much lower frequency (a
few aggregates in a SEM image). The particle size
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Figure 4. SEM image of 8.

was also confirmed by dynamic light scattering (DLS)
measurement. The mean diameter of the particle com-
posed of 8 was 67.7 + 4.5 nm (poly dispersity index:
0.273) in water. The aggregate size corresponds well
to that was observed in the SEM image of the spin-
coating sample of 8.

CONCLUSIONS

The amino groups existed on the surface of the rigid
polysiloxane (1) efficiently reacted with gluconolac-
tone (2) to give the corresponding hybrid (3). This re-
action manner was employed for preparation of the
hydrophilic sugar-polysiloxane hybrid (5), which was
achieved by the reaction of 1 with lactobionolactone
(4). Furthermore, the amphiphilic sugar-polysiloxane
hybrid (8) was also derived from 1 by the successive
reactions with stearoyl chloride (6) and with 4. The
obtained hybrid materials 5 and 8 have galactose res-
idues on their surfaces. Although hybrid 3 had the reg-
ular higher-ordered structure in the solid state, hydro-

1070

philic sugar-polysiloxane hybrid 5 did not form such a
structure by the bulkiness of 4. However, amphiphilic
sugar-polysiloxane hybrid 8 formed the nano aggre-
gates in water, which was confirmed by the 'H NMR,
SEM, and DLS analyses, expecting the multivalent
effects of sugar-residues. The present materials are
new class of sugar-inorganic hybrids, which have
rigid polysiloxane main-chains.
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Abstract Objective: In Japan, rice vinegar that has been matured and fermented for years in earthenware jars
is considered a health food with anticolon cancer action. it is divided into the liquid component
(Kurozu) and the sediment (Kurozu moromimatsu), which contains large amounts of organic
materials and minerals. The effect of Kurozu moromimatsu (Kurozu-M) on cancer has not yet been
examined. Tn this study, we examined the activity of Kurozu-M on colon cancer and investigated the
mechanisms involved, focusing on active oxygen generation, apoptosis, and metalloproteinases
(MMPs). .

Methods: We used Lovo cells transplanted into nude mice as an experimental model. We measured
the tumor volume and MMP levels and conducted hematoxylin-cosin staining (for polymorphonu-
clear leukocytes), terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling staining
(for apoplosis), and immunostaining for nitrotyrosine (a marker of active oxygen generation) in
control, Kurozu-treated, and Kurozu-M-—treated groups.

Results: The (umor volume was the same in the control group (231 = 36 mm?) and Kurozu group
(238 = 52 mm?), but was significantly reduced in the Kurozu-M group (152 = 28 mm*, P < 0.001
versus control). Apoptosis of tumor cells and accumulation of polymorphonuclear leukocytes were
not observed. Nitrotyrosine production. total MMP levels, and MMP activation were significanty
reduced in the Kurozu-M group. :

Conclusion: The administration of Kurozu-M prolonged the lifespan of cancer cell-transplanted
mice, inhibited tumor progression, and reduced nitrotyrosine production and MMP activation, but
did not induce apoptosis. © 2007 Elsevier Tnc. All rights reserved.
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Introduction

In Japan, rice vinegar is widely used in the preparation of
Sushi or Kaisekiryouri. Tt is known to have a bactericidal
action and an orexigenic action and was reported to have a
preventive effect against hypertension and arterial sclerosis
[1]. Recently, rice vinegar that has been matured and fer-
mented for many years in earthenware jars has attracted
attention as a health food. The supernatant is known as
Korozu, and the solid residue of the production process,
Kurozu moromimatsu (Kurozu-M), is rich in organic mate-
rials and minerals. However, the effect of Kurozu-M on
disease has not yet been examined.

Colorectal cancer accounts for >90% of malignant tu-
mors of the large intestine and is the third most common
cause of death from malignant disease in the Western world
[2]. It was reported that ethyl acetate extract of Kurozu
inhibited carcinogenesis in azoxymethane-treated rats [3]}
and caused GO/G1 arrest through p21 induction in Caco-2
cells [4]. It is known that active oxygen species activate
metalloproteinases (MMPs) in colon cancer tissue, leading
to destruction of the basal membrane [5], thereby promoting
distant metastasis. However, the effects of Kurozu on active
oxygen production and MMP activation are unknown.

In this study, we examined the direct effects of Kurozu
and Kurozu-M on human colon cancer cells (DLD cells,
well-differentiated adenocarcinoma; Lovo cells, poorly dif-
ferentiated adenocarcinoma) transplanted into nude mice
and found that both inhibited tumor growth. We also exam-
ined the mechanisms involved, focusing on active oxygen
production and MMP activation. Because direct measure-
ment of active oxygen production in tissues is difficult, we
used an indirect method based on staining for nitrotyrosine,
the formation of which involves active oxygen.

- Materials and methods
Preparation of Kurozu and Kurozu-M diets

The Kurozu and Kurozu-M diets were obtained from
Sakamotojyozo Co., Ltd. (Kagoshima, Japan). The Kurozu
diet included 0.32% 10-fold-concentrated Kurozu, and the
Kurozu-M diet included 2% Kurozu moromimatsu powder
in CE-2 basic rodent diet (Nihon CLEA Co., Ltd, Tokyo,
Japan).

Preparation of animal model

Lovo and DLD cells were maintained under the condi-
tions recommended by the supplier. Four-week-old to 6-wk-
old female nude mice were maintained in a pathogen-free
environment and handled according to the university’s
guidelines for animal care and use.

Female nu/nu mice were injected with 1 X 10° Lovo
cells or DLD cells into the right flank. The tumors reached

5-10 mm in diameter at about 6 wk after injection in the
control group on a standard CE-2 diet. The CE-2, Kurozu,
or Kurozu-M diet was supplied from 1 wk before cancer cell
injection.

Measurement of subcutaneous tumor

Tumor dimensions were measured with a linear caliper
every 2 or 3 days for one month. We measured the major
axis and the tumor volume, which was calculated using the
equation V (mm®) = a X b?, where a is the largest dimen-
sion and and b is the perpendicular diameter.

Hematoxylin-eosin staining, terminal deoxynucleotidyl
transferase-mediated dUTP nick end-labeling staining,
and nitrotyrosine immunostaining

At the end of the experiment, tumor tissue was fixed with
4% paraformaldehyde and sectioned. Hematoxylin-eosin
(HE) staining was performed with conventional methods.
Terminal deoxynucleotidyl transferase-mediated dUTP nick
end-labeling (TUNEL) staining was performed according to
the kit manufacturer’s instructions, and apoptosis was visu-
alized as brown staining, located in the nucleus. Apoptotic
cells were counted in 10 fields of each slide under a 40X
microscope.

For nitrotyrosine staining, endogenous peroxidase in sec-
tions was quenched with 0.3% H,0, in 60% methanol for
30 min. The sections were permeabilized with 0.1% Triton
X-100 in phosphate buffered saline (PBS) for 20 min. Non-
specific adsorption was minimized by incubating the sec-
tions in 2% normal goat serum in PBS for 20 min. Sections
were incubated overnight with anti-nitrotyrosine rabbit
polyclonal antibody (1:500 in PBS), and specific labeling
was detected with diaminobenzidine tetrahydrochloride. To
verify the binding specificity to nitrotyrosine, some sections
were incubated with primary antibody only (no secondary
antibody) or with secondary antibody only (no primary anti-
body). No positive staining was found in these sections, indi- -
cating that the immunoreaction was specific. Some sections
were incubated with the primary antibody (anti-nitrotyrosine)
in the presence of excess nitrotyrosine (10 mM) to further
verify the binding specificity.

MMP-2 and MMP-9 assays

Levels of total MMP-2 and MMP-9 and endogenous
activated MMP-2 and MMP-9 were assayed with commer-
cial assay kits (Amersham Pharmacia Biotech, Bucking-
hamshire, UK).

MMP-2 assay

Eight weeks after injection of Lovo cells, tumors were
removed. Tissues were homogenized in 50 mM Tris-HCl
buffer (pH 7.4) containing 1 mM monothioglycerol and
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centrifuged at 2000 g for 10 min. The supernatant was used
as the sample. One hundred microliters of each standard
blank or sample (in duplicate) was added to wells coated
with MMP-2 antibody. The 96-well plate was then incu-
bated overnight at 4°C. Any MMP-2 present within the
samples was bound to the wells and other components were
removed by washing. All standards and one well for each
sample were activated with aminophenylmercuric acetate
(APMA, 0.5 mM) 1o determine total MMP-2 levels, and the
remaining wells were incubated with assay buifer alone to
determine endogenous activated MMP-2. The detection re-
agent was then added to each well and the plate was incu-
bated at 37°C for 4 h. After incubation, the absorbance of
cach well was read at 405 nm on a microplate reader and the
concentrations (nanograms per milliliter) of total MMP-2
and endogenous activated MMP-2 were determined for each
sample from a standard curve using Revelation Software
(Dynatech, UK). Final tissue values were expressed as
nanograms per milligram of protein.

MMP-9 assav .
Standards and samples were run in the same manner as
described for MMP-2 on a microplate coated with MMP-9
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antibody, except that 1 mM APMA was used for activation,
and incubation with the detection reagent was done at 37°C
for 6 h. The absorbance was read with a microplate reader
as described for MMP-2, Final tissue values were expressed
as nanograms per milligram of protein.

Results
Measurement of subcutaneous tumor

We measured the major axis of the tumor to examine
whether the administration of Kurozu or Kurozu-M could
inhibit tumor growth. In the DLD celi—transplanted model, the
major axes were 8.1 % 0.5 mm in the control group, 7.90 =
0.80 mim in Kurozu group, and 7.8 = 0.80 mm in the
Kurozu-M group. There were no significant differences
among the three groups (Fig. 1A). However, in the Lovo
cell-transplanted model, the major axes of the tumor were
8.2 *+ 0.5 mm in the control group and 7.8 * 0.8 mm in the
Kurozu group, but significantly reduced to 6.0 + 0.8 mm in
the Kurozu-M group (P < 0.05 versus control; Fig. 1B).
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Fig. I. Antitumor effect of Kurozu and Kurozu moromimatsu. Female nu/nu mice wete injected with | % 10° Lovo cells or DLID cells into the right flank.
(A) Time course' of tumor growth in DLD-1 cell-transplanted mice (long diameter). Open circles represent the control group, solid squares the
Kurozu-treated group, and solid circles the Kurozu moromimatsu-treated group. (B) Time course of tumor growth in Lovo cell-transplanted mice (long
diameter). Open circles indicate the control group, open squares the Kurozu-weated group, and solid circles the Kuroza moromimatsu—-treated group. (C)
Tumor volume in Lovo cell-transplanted mice. Tumor volume was measured 8 wk after Lovo cell inoculation. The open bar indicates the conuol group,
the solid bar the Kurozu-treated group, and the horizontally lined bar the Kurozu moromimatsu--treated group. Values are means = SD. *P < 0.001 versus

other groups.
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Fig. 2. Histologic examination of cancerous tissue after Lovo cell trans-
plantation. Hematoxylin-cosin staining of umor from (A) the control group
and (B) the Kurozu moromimatsu~treated group. Teeminal deoxynucleo-
tidy! transferase-mediated AUTP nick end-labeling staining of tumor from
(C) the control group and the (D) Kurozu moromimatsu—treated group.
Nitrotyrosine staining of wmor from (E) the control group and (F) the
Kurozu moromimatsu--treated group.

In the Lovo cell-transplanted model, the tumor volumes
were 684.0 = 34.0 mm” in the control group, 672.0 + 56.0
mm? in the Kurozu group, and 273.0 * 32.0 mm? in the
Kurozu-M group (P < 0.005 for the Kurozu-M group ver-
sus control; Fig. 1C).

A Jcontrol
E=3 Kurozu
121 B Kurozu-M 1.2
o ;E: 104 1.0 E E
% § 8+ * -0.8 g §
1]
Z 3 6 06 2 2
ik iz
F2 4 -0.4 % T
2- —{ * |o.2
. =11

Total MMP-2 Activated MMP-2

The following results refer to the Lovo cell-transplanted
model.

HE staining, TUNEL staining, and
nitrotyrosine immunostaining.

The HE staining showed no accumulation of polymor-
phonuclear leukocytes, which have been implicated in ac-
tive oxygen production, in tumor tissue in the control group
or the Kurozu-M group (Fig. 2A,B). _

The TUNEL staining indicated that apoptosis in thc,
Kurozu-M group was at the same level as that in the control .
group (Fig. 2C,D).

Because we previously found that nitrotyrosine, gener-
ated from peroxynitrite and tyrosine, is produced in human
colon cancer [5], we examined whether the administration
of Kurozu-M eould inhibit nitrotyrosine formation. In the
control group, many cells produced nitrotyrosine, whereas
in the Kurozu-M group, only a few cells produced nitroty-
rosine (Fig. 2E,F).

MMP-2 and MMP-9 ass'}zys

To investigate the role of MMPs in the action of
Kurozu-M, we examined whethcr or not Kurozu-M altered
the levels and activation of MMPs.

Total MMP-2 amounted to 8.8 + 2.5 ng/mg of protein in
the control group and 8.6 = 2.8 ng/mg of protein in the
Kurozu group. However, it was significantly reduced to 5.6 %
1.8 ng/mg of pretein by administration of Kurozu-M
(P < 0.05 versus control; Fig. 3A). Activated MMP-2
amounted to 0.25 = 0.06 ng/mg of protein in the control
group, 0.27 * 0.08 ng/mg of protein in the Kurozu group,
and 0.12 * 0.05 ng/mg of protein in the Kurozu-M group
(P < 0.05 for the Kurozu-M group versus control; Fig. 3A).
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Fig. 3. Anti-metalioproteinase effect of Kurozu and Kurozu moromimatsu. (A) Total and activated metalloproteinase-2 in cancerous tissue after Lovo cell
inoculation, The open bar represents the control group, the horizontally lined bar the Kurozu-treated group, and the solid bac the Kurozu moromimatsu-
weated group. (B) Levels of total and activated metalloproteinase-9 in cancerous tissue after Lovo cell inoculation. The open bar represents the controt group,
the horizontally lined bar the Kurozu-treated group, and the solid bar the Kurozu moromimatsu~treated group.Values are means + SD. “P < 0.001 versus

other groups.
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Total MMP-9 amounted to 38.2 * 10.6 ng/myg of protein
in the control group and 35.6 = 8.22 ng/mg of protein in the
Kurozu group. However, it was significantly reduced to
21.5 * 6.1 ng/ing of protein by administration of Kurozu-M
(P < 0.05 versus conuol; Fig. 3B). Activated MMP-9
amounted to 1.6 * 0.5 ng/mg of protein in the control
group, 1.4 * 0.6 ng/mg of protein in the Kurozu group, and
0.7 = 0.2 ng/mg of protein in the Kurozu-M group (P <
0.05 for the Kurozu-M group versus control; Fig. 3B).

Discussion

Our results indicate that the administration of Kurozu-M
inhibits the development of colon cancer in human colon
cancer cell transplantation model in mice. Further, the ad-
ministration of Kurozu-M inhibited nitrotyrosine produc-
tion, decreased total MMP-2 and total MMP-9 levels, and
inhibited activation of MMP-2 and MMP-9 in the lesion in
this model.

Earlier studies had indicated that extract of Kurozu can
inhibit chemical carcinogenesis [3,4,6]. However, in our study,
the administration of Kurozu-M inhibited the development of
colon cancer in a mouse model, whereas the administration of
Kurozu did not prevent tumor growth. The major constituent
of Kurozu is acetic acid, whereas the major component of
Kurozu-M is a complex mixture of organic materials, in-
cluding bacterial metabolites. The active components of
Kurozu-M remain to be identified.

In this study, we found that administration of Kurozu-M
inhibited production of nitrotyrosine in tumor tissue. Nitro-
tyrosine is generated through two pathways in vivo. One is
the peroxynitrite pathway, in which tyrosine reacts with
peroxynitrite to afford nitrotyrosine, and the second is the
myeloperoxidase pathway, in which tyrosine reacts with
myeloperoxidase and nitrite [7,8]. We previously reported
that peroxynitrite is produced in human colon cancer tissue
[5]. In contrast, myeloperoxidase is localized in polymor-
phonuclear leukocytes in vivo, but in this study we could
not detect any accumulation of polymorphonuclear leuko-
cytes by means of HE staining of cancerous tissue. There-
fore, Kurozu-M administration may inhibit the peroxynitrite
pathway. Possible mechanisms include inhibition of nitric
oxide, superoxide, and/or peroxynitrite production, and
scavenging of nitric oxide, superoxide, and/or peroxynitrite.
Further work is needed to examine these possibilities.

The administration of Kurozu-M also inhibited MMP-2
and MMP-9 activity in cancerous tissue. These are repre-
sentative gelatinases that contribute to the distant metastasis
of cancer [9], and they are produced by cancer cells or
macrophages [10]. A tetradecanoylphorbol acetate-respon-
sive element is present in the promoter region of MMP-9
and is activated by various cytokines, such as interleukin
and tumor necrosis factor [11]. In addition, MMP-9 is ac-
tivated by nuclear factor-«B and MMP-2 [12]. MMP-2 is
mainly activated by MT1-MMP, but recently it was shown

that peroxynitrite also activates MMP-2 [13,14]. Kurozu-M
may have inhibited cancer growth in our model through
inhibition of peroxynitrite formation and MMP-2 and
MMP-9 activities.

Kurozu moromimatsu was active against Lovo cells in
this study, but not against DLD-1 cells. Lovo and DLD-1
cells differ not only in the degree of cellular differentiation
but also in the expression of furin, which contributes to
MMP activation [15]. The former line originates from well-
differentiated adenocarcinoma and expresses furin protein,
whereas the latter originates from poorly differentiated ad-
enocarcinoma and does not express furin protein. It would
be worth examining whether MMP activity is reduced in the
absence of furin.

Conclusion

The administration of Kurozu-M inhibited tumor growth
in a Lovo cell-transplanted mouse model and also inhibited
nitrotyrosine production and activation of MMP-2 and
MMP-9.

References

[1] Shimoji Y, Tamura Y, Nakamura Y, Nanda K, Nishidai S, Nishikawa
Y, et al. Isolation and identification of DPPH radical scavenging
compounds in Kurosu (Japanese unpolished rice vinegar). J Agric
Food Chem 2002;50:6501-3.

[2] Shen X, Falzon M. PTH-related protein enhances LoVo colon cancer

cell proliferation, adhesion, and integrin expression. Regul Pept 2005;

125:17-217..

Shimoji Y, Kohno H, Nanda K, Nishikawa Y, Ohigashi H, Uenakai

K, et al. Extract of Kurosu, a vinegar from unpolished rice, inhibits

azoxymethane-induced colon carcinogenesis in male F344 rats. Nutr

Cancer 2004;49:170-3.

[4] Nanda K, Miyoshi N, Nakamura Y, Shimoji Y, Tamura Y, Nishikawa

Y, et al. Extract of vinegar “Kurosu” from unpolished rice inhibits the

proliferation of human cancer cells. J Exp Clin Cancer Res 2004;23:

69-75.

Szaleczky E, Pronai L, Nakazawa H, Tulassay Z. Evidence of in vivo

peroxynitrite formation in patients with colorectal carcinoma, higher

plasma nitrate/nitrite levels, and lower protection against oxygen free
radicals. J Clin Gastroenterol 2000;30:47-51.

Shimoji Y, Sugie S, Kohno H, Tanaka T, Nanda K, Tamura Y, et al.

Extract of vinegar “Kurosu” from unpolished rice inhibits the devel-

opment of colonic aberrant crypt foci induced by azoxymethane.

J Exp Clin Cancer Res 2003;22:591-7.

Eiserich JP, Hristova M, Cross CE, Jones AD, Freeman BA, Halliwell

B, et al. Formation of nitric oxide-derived inflammatory oxidants by

myeloperoxidase in neutrophils. Nature 1998;391:393-7.

Fukuyama N, Takebayashi Y, Hida M, Ishida H, Ichimori K,

Nakazawa H. Clinical evidence of peroxynitrite formation in chronic

renal failure patients with septic shock. Free Radic Biol Med 1997;

22:771-4.

Gullu TH, Kurdoglu M, Akalin I. The relation of gelatinase (MMP-2

and -9) expression with distant site metastasis and tumour aggres-

siveness in colorectal cancer. Br J Cancer 2000;82:249.

[10] Djonov V, Cresto N, Aebersold DM, Burri PH, Altermatt HJ, Hristic

M, et al. Tumor cell specific expression of MMP-2 correlates

[3

it

5

—

(6

—

[7

—_—

[8

—

9

—

—218-



86

(e}

[12]

N. Fukuvama et al. / Nutrition 23 (2007) 81-86

with tumor vascularisation in breast cancer. Int J Oncol 2002;
21:25-30.

Steinbrenner H, Ramos MC, Swhimann D, Mitic D, Sies H,
Brenneisen P. Tumor promoter TPA stumulates MMP-9 secretion
from human keratinocytes by activation of superoxide-producing
NADPH oxidase. Free Radic Res 2005;39:245-53.

Witrant 'Y, Theoleyre S, Couillaud S, Dunstan C, Heymamn D,
Redini F. Relevance of an in vitro usteoclastogenesis system to study
receptor activator of NF-kB ligand and osteoprotegerin biological
activities. Exp Cell Res 2004;293:292-301.

[13}] Munoz-Najar UM, Neurath KM, Vumbaca F, Clafiey KP. Hypoxia
stimulates breast carcinoma cell invasion through MTI-MMP and
MMP-2 activation. Oncogene 2005,

[14] Migita K, Maeda Y, Abiru S, Kowori A, Yokoyama T, Takii Y, et al.
Peroxynitrite-mediated  matix metalloproteinase-2  activation  in
human hepatic stellate cells. FEBS Len 2005;579:3119--25.

[15] Deryugina El, Ratnikov BI., Yu Q, Baciu PC, Rozanov DV, Strongin
AY. Prointegrin maturation follows rapid wafficking and processing
of MT1-MMP in Furin-negative colon carcinoma LoVo cells. Traific
2004;5:627-41.

—-219-



