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Development of Campus Navigation Robot Using Intelligent Agent

by
Fuji Ren, Motoyuki Suzuki, Seiji Tsuchiya

Recent years, a huge amount of information is available through the internet, and many information
retrievers have been developed. However, these retrievers only show retrieved results without hearty
communication.

In this paper, an intelligent agent is developed. It recognizes a user’s utterance using a speech
recognizer, and retrieves information from the World Wide Web. Finally, the agent makes an
appropriate answer from retrieved results, and give it to the user. In order to communicate with a
user warmheartedly, the agent also recognizes user’s emotion from a voice and a facial expression,
and the agent represents it’s own emotion using voice and behaviour.

We also develop the intelligent campus navigation robot using the proposed intelligent agent.

The robot can give a user campus information, chat with a user, and communicate with a user

warmbheartedly.

Keywords: Intelligent campus guide system, Mental state transition network, Affective computing.
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Fig. 1: Overview of the intelligent campus guide system.
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Fig. 7: Possible applications
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Highly-functioned materials synthesized from ubiquitous sources by controlling the
particle size and composition

by

Toshihiro MORIGA, Ryota MASHIMA, Mayu YAMADA, Hidehito ANDO, Tomooki KAWASAKI,
Yukihiro MASUDA, and Kei-ichiro MURAI

Some Perovskite-type LaTiOz2+xN1x with anion nonstoichiometry were prepared by heating
an oxide precursor under ammonia atmosphere and successively annealed under diluted
A series

ammonia. Increasing O/N ratio enhances the optical bandgap of the oxynitrides.

of perovskite-type LaTiO2N materials with compositions a slightly deviated from the

stoichiometric metal composition was also prepared. Increasing Ti/La ratio in
La1«Ti1+TiO:2N results in deterioration of reflectivity in the longer wavelength region above
the absorption edge. A substitution of La by Sr was effective in the enhancement of
reflectivity there. Though the increase of O/N ratio in the LaTiO2+N1x series was found to

cause oxidation of titanium by means of XPS spectroscopy, the valence state of titanium did

not change in either the Lai1xTi1+xO2N or the Lai1«Sr<TiO2N series.

The increase in Ti/La

ratio in the LaixTi1+xO2N brought the grain/particle growth, which seemed to result in the

deterioration of reflectivity.

Keywords: oxynitride, (non)stoichiometry, bandgap, reflectivity, XPS, particle size
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NMR and pSR Studies of Phase Separation, Spin, Charge and Orbital Ordering in
A-Site Ordered Manganese Oxides

by
Takashi Ohno, Yu Kawasaki, Yutaka Kishimoto

Nuclear magnetic resonance and puSR measurements have been made to study the phase separation,
spin, charge and orbital ordering in A-site ordered manganese oxides. In the antiferromagnetic
YBaMn,Og, the magnetic moments of Mn*" and Mn®" ions are estimated to be 3.0 u pand 3.6 up
from the observed NMR spectra at 295 MHz and 320 MHz, respectively, which agree with the expected
spins $=3/2 and S=2 of Mn*" and Mn’" ions, respectively. In the pSR experimental results in
YBaMn,Og, the intensity of positrons shows the typical time decay of a single exponential function in
the paramagnetic phase and the oscillation in the antiferromagnetic phase, which indicates that the
antiferromagnetic phase in YBaMn,Og is similar to the ordinary antiferromagnetic phase. >>Mn NMR
spectra in LaBaMn,O¢ at low temperature consists of the signals from both ferromagnetic and
antiferromagnetic phases, which gives the evidence for the coexistence of the ferromagnetic and
antiferromagnetic phases in the ground state in LaBaMn,0Og from the microscopic point of view. In the
USR experimental results in LaBaMn,Og, the intensity of positrons shows the typical time decay of a
single exponential function in the paramagnetic phase but still shows no oscillation in the ferromagnetic
phase, which indicates that the ferromagnetic phase in LaBaMn,Og is very different from the ordinary
ferromagnetic phase. On the contrary, in the coexisting antiferromagnetic phase in the ground state the
intensity of positrons shows the typical time decay of oscillation due to the internal field, which
indicates that the coexisting antiferromagnetic phase in LaBaMn,0Og is similar to the ordinary
antiferromagnetic phase. These results may be concerned with the fact that the antiferromagnetic phase

is created in the ferromagnetic phase.

Keywords: A-site ordered manganese oxides, YBaMn,0Og, LaBaMn,Og, phase separation,

ferromagnetic phase, antiferromagnetic phase, NMR, uSR, spectrum, spin-spin relaxation
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Empirical Evaluation of Kinematic Soil-Structure Interaction Based on
Strong-Motion Accelerograms

by
Atsushi MIKAMI

Transfer functions represent the ratio in the frequency domain of one ground motion to another.
Transfer functions are a convenient way by which the variation of earthquake ground motions from
the free-field to the foundation-level of a structure can be quantified for studies of kinematic
soil-structure interaction. Aside from ordinary filtering and baseline correction, substantial signal
processing occurs in the computation of transfer functions, including windowing and smoothing.
Utilizing several signal processing techniques on a sample data set, we find that detailed features of
the transfer function ordinates can be affected by the degree of smoothing and by the window length.
However, the overall shape and magnitude of the transfer functions are relatively consistent. More
important than signal processing details is the frequency bandwidth over which the results are
considered valid, because significant portions of the spectrum can be dominated by stochastic
processes with little physical meaning. The author argue that transfer functions should be interpreted
over those portions of the spectrum having minimal noise impact, as indicated by high coherence.
Then, effect of embedment on reducing damage to buildings during 1995 Hyogoken-Nanbu
Earthquake is investigated.  Finally, utilizing the effect of kinematic soil-structure interaction, a new

method of seismic isolation is proposed.

Key words: Kinematic Soil-Structure Interaction, Time Series Analysis, Seismic Isolation
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High-Throughput and High-Functionality Laser Processing System
and Processing of Dental Materials

by
Yoshio HAYASAKI, Hirotsugu YAMAMOTO, Tetsuo ICHIKAWA

We proposed data recording on biological tissues and prostheses for personal identification. The data recording was
performed by femtosecond laser processing with small thermal damage, a clear edge of recording point, and high
data capacity. Because the biological tissues and the prostheses have unexpected movements and individual three-
dimensional shapes, the laser processing system was required to perform the recording with an adaptability and a
high-throughput. The adaptability was implemented with a target surface detection system composed of an image
sensor with a high-frame rate, a guide laser, and a piezoelectric transducer stage. The high-throughput was realized by
parallel laser processing based on a computer-generated hologram displayed on a spatial light modulator. We

demonstrate the data recording on dental prostheses. We also demonstrate parallel processing of glass using the

holographic femtosecond laser processing.

Key words: Femtosecond Laser, Optical Memory, Holography, Spatial Light Modulator
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Fig. 1 Experimental setup. Cylindrical lens : CL1 (f=200 mm),
CL2 (=200 mm), Lens : L1 (f= 200 mm), L2 (f= 300 mm),
L3 (f= 50 mm), Dichroic mirror: DM1, DM2, Half Mirror: HM.
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Fig. 2 Beam structures depending on a focus and an

arrangement of detectors.
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Fig. 3 Lateral movement detection based on pattern matching.
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Fig. 4 F; for surface position.
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Fig. 5 Detection error for axial speed of an object.
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Fig. 6 Detection error for surface position
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Fig. 7 Detection error for lateral speed of an object.
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Fig. 8 Experimental setup.
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Fig. 9 (a) CGH for generating ten beams, (b) computed
reconstruction of the CGH and the intensity profile, and (c)
computed reconstruction of the CGH taking into account the
spatial frequency response of the LCSLM and the intensity
profile.

CGH with

compensation of spatial frequency response of the LCSLM and

Fig. 10 Computed reconstruction of the

the intensity profile.

10um

Fig. 11 reconstruction of CGH without

compensation and the intensity profile, (b) the AFM image of

(a) Optical

the fabricated area. (c) Optical reconstruction of CGH with
compensation and the intensity profile, (d) the AFM image of

the fabricated area.
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Fig. 12 Cavity diameter on the glass and the uniformity for
irradiation energy. The cross indicates the results using the CGH
optimized without compensation. The filled circular indicates
the results using the CGH optimized with compensation. The

inset shows the SEM image of the cavity.
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Fig. 13 (a) CGHs generating focal points at focal lengths of

9um 30um

1800, 2000, and 2400 mm, (b) optical reconstructions of the

CGHs, and (c) transmission microscope images of 3-D

fabrications using 3 CGHs.

Tum

Fig. 14 (a) CGH having focal lengths of 1800, 2000, and 2400
mm in different areas, (b) optical reconstructions of the CGH,
and (c) transmission microscope images of 3-D parallel

fabrication using a CGH.
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Fig.15 Experimental setup.
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Fig.16 SEM images of samples processed with single pulses
with fluences, F, of (a) 1.9 x 107, (b) 7.7 x 10", (¢) 9.7 x 10°,
(d) 7.7 x 10", (e) 1.9 x 10%, and (f) 7.7 x 10> J/en’.
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Fig. 17(a) SEM images of the processed area when a single
pulse was irradiated on the sample at focus positions Z = 20, —
12, 0, 12, and 20 pm. The bar indicates 5 pm. (b) Diameter of
the processed area versus focus position of laser pulses with

energies of 1.3, 9.1, and 16 pJ.
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Fig. 19 Data recording on a dental crown. (a) Photograph of the
dental crown. (b) Two-dimensional barcode. (c) Magnified
processing area. Optical microscope images of the data on the

crown processed (d) without and (e) with the surface detection.
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Behavior of Surface Shape and Internal Stress
in Nono-scale Copper Multi-layered Film by Heat-treatment

by
Kazuya KUSAKA, Takao HANABUSA, Kenta KANEKO,
Tatsuya MATSUE, Osami SAKATA

The specimen prepared in this study was multi-layer aluminum nitride and copper films
deposited on thermal oxidation silicon by dc sputtering. Thermal stresses in the copper layers were
investigated by ultra high X-rays of synchrotron radiation in the heating and cooling process. It
found from the sin?y diagrams of the multi-layered film that the copper layers consisted of crystal
grains which had two different orientations. One was randomly orientation, and the other was {111}
orientation. The FWHM of the diffraction from the {111}-oriented crystal grains was constant
regardless of heating temperature. On the other hand, the FWHM of the diffraction from the
randomly-oriented crystal grains was decreased with increasing heating temperature at 1st heating
cycle and it became constant regardless of heating temperature after 1st heating cycle. The 20-sin*y
diagrams of the multi-layered film for the stress measurement showed non-linear. We could obtain
thermal stresses in two different orientation crystal grains from the non-linear 26-sin®y diagram at
same time. For both crystal grains, the thermal stress differences between the 1st heating and the 1st
cooling cycles were shown as a hysteresis loop. In the case of the 2nd thermal cycles, the thermal
stresses changed linearly for both crystal grains. For the 1st heating cycle, the compressive thermal
stress in the {111}-oriented crystal grains was larger than that in the randomly-oriented one.

Key Words: Thermal stress, In-situ measurement, Multi-layered film, Cu thin film,
Synchrotron radiation, Sputtering, 26-sin®y diagram

EEBRFPRFGEY VAT 7 YA = ARG

Institute of Technology and Science 1.3 C ®» I

The University of Tokushima I X B 7T A ADIERRIZB W TR T ZED
IR RSP IR TR B _ TEAVEERENTH S, IE, LSI OIERILIE
Graduate School of Advanced Technology and Science " N T NN
The University of Tokushima j—i #@'f‘f L/, (%H%@‘H‘/f A & l7 /{E’?D%E'ﬂﬁﬁ‘g;k é
BT R T v A R P AR BT B AR NTW5, ZHICHED, =L bavfZL—ia0R
Niihama National College of Technology 2Rl % F e ot U OB TS 2 R L 7
| ERHERRERR S 5 — Pt JL s R EDRB R S
Japan Synchrotron Radiation Research Institute STV W, F7z, LSI OBRHMEHE, TI=T A
HAESE © T770-8506 R TR ST 2-1 MmbT L bawA 7 L—a U E R T SRR

TR RFPREE Y AT 7 A o ZRFEER

- 44 -

BATLCH O, Ht & BMOBUHGE A2 HE L D A |



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

Diffraction intensity x 10°, cps

(@) T=RT
12 ¢
siny=0
i -
0.8 | Al
04 | - &
0 '.n--nf"' < ':"“'--Tuo-
27.0 27.4 27.8 28.2
20, deg
sin?y=0.15
o,
0 povesassset™? it Y
27.0 27.4 27.8 28.2
20, deg
0.4
siny=0.30
e
0 il Titeseneegenns
27.0 27.4 27.8 28.2
20, deg
0.4
sin?y=0.45
'_,.""-._'
0 gesenannes® L e,
27.0 27.4 27.8 28.2
20, deg
sin?y=0.60
. ,.....-.Tw" 2 ) .'“‘:.....“:___
27.0 27.4 278 28.2
20, deg
04 | S2W<075
0 [ ..----""" ..-"'--.....", .
27.0 27.4 27.8 28.2
20, deg
) | sin?y=0.90
= _“,.,.-“.' = TP
0 L A i i L J
27.0 27.4 27.8 28.2
20, deg

Diffraction intensity x 10%, cps

(b) T=350°C
5.2 sin?y=0
0.8
0.4 '
0 ...... o ___‘_‘_,__,,‘.,,,,,.___.._.._,.. )
27.0 27.4 278 28.2
20, deg

0.4
f - sin?y=0.15
0 y-o b o

27.0 274 27.8 28.2

20, deg
04
sin?y=0.30
0 e < i g .
27.0 274 27.8 28.2
20, deg
04 74
/o, sin?y=0.45
¢ \
0 pg B e e e ——"
27.0 27.4 27.8 282
20, deg
-. sin?y=0.60
04 2
0 e F—— e
27.0 27.4 27.8 282
20, deg
0.4 / \ sin?y=0.75
0 o a s S T Ty
27.0 274 27.8 28.2
26, deg
0.4 j '\:. sin?y=0.90
0 = e
27.0 27.4 27.8 28.2
20, deg

Fig. 1. 111 diffraction patterns of copper layers at the temperature of
(a) RTand (b) 350°C for the first heating cycle.
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Table 1. Conditions of films deposition for each layer.

Material Cu AIN
Method Magnetron sputtering
Base pressure, Pa Below 1.0 X107
Atmosphere gas Ar: 100% N,: 80%
Ar: 20%
Gas pressure, Pa 0.4 1.0
Substrate temperature, ‘C 30
Input dc current, mA 100 250
Deposition time, min 35 60
Film thickness, nm 100 500
Number of layers 5 5

LARA 7 b= g VBB RERBEL 2> T 50,
L7225 T, FifE Sy aiE s o B 288 2 -~
LHZLIIFERICEETH D, Fio, SHEEERICHEAT
LEIENE OLREICET AR bR E SN TN D
09, KBTI, BWMELL ) 3 s HR RICET A =
7 A (AIN) &SR (Cu) IEZEZRZAIZFNEI S JEHERE
SR A MG L, RIS 6 ER% SPring-8 o & fi
BE X #% VT Cu 8 OS2 OB RIEEITV, 2t
A 7 VRBR IR T D SRERE O BUS S D ZEA L 2K B A
72

2. £ B ¥ ¥

21 #E

EFEA Sy Z U v 7RIS L0 B by ) a v o b
IZCu & AINEZ R HAZ 5 JEHERE & 1 7= 3kt 2 Y i L 7,
BFEIT AIN BEE 20, Cu OB A5 IEd 5% B
EHT D, £ 112 CuBLWAIN TRENDOEDHERES
EmpRd, 200F ¥ o " ERAWT, RHICHEZ SRS
Wiz, KBOHEZRIGEEZIRY H L CREZ28BIEL,
T I BEAL TN EEERLE, ThEno
fEEODJE & % 100nm 35 X UV 500nm TH B,

2 -2 BULHEORAE

Cu ZREIEOEET1% ORIE I @i LR A58
T2 — O RBES S HiER SPring-8 O E— AT A
BL13XU ZFIAH L7z, i L= @ X o= 3L X0
21519KeV (1=0.0998nm) TH 5, F£7=, ASbE—21
A XX 0.1mmXx0.1mm & L7-,

BL13XU /> FNDO Ll = =4 A — Z (ZEEHNEEE &
ZEY ATz, BREHIGBUEDINBEE IS L T 2
7 b —%— (MS-5: I O BERMHR) kicr U > 7 cff
SIXOIFTHEE L, BMext 2 ttoRmicEE L, R

- 46 -

(@) T=RT
®
02+ ."."."‘.""
o
o)
- =
e
I 01t
<
u —
0 1 1 i !
0 02 04 06 08" 10
sin?y
(b) T = 100°C
°
1] B G
g
o L
T o1t
<o
i
0 1 1 L 1
0 02 04 06 08 1.0
sin?y
(c) T=200°C
0.2}
o
L4}
© B °
s @ _p--0--p -
I 01%
<
e
0 1 1 L 1
0 02 04 06 08 1.0
sin2y
(d) T=350°C
02}
o
@
o .
= S - »
Z o1% °* ==
<
s
0 L 1 1 i
0 02 04 06 08 10

sin2y
Fig. 2. Relationship between FWHM of 111 diffraction from

copper layers and Sinz\u for each heating temperature; (a) RT,
(b) 100°C, (c) 200°C and (d) 350°C.
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Fig. 3. Effect of heating temperature on FWHM of 111
diffraction at sin?y=0.
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Fig. 4. Effect of heating temperature on average FWHM of
111 diffraction.
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Development of Functional Nano-Bio Tool Derived from Bacterial Protein Toxin
for Clinical Application

by
Atsushi TABATA, Eriko SAKAKURA, Toshifumi TOMOYASU, Hideaki NAGAMUNE

A novel functional protein tool derived from cholesterol-dependent cytolysin was developed and
its application for clinical field such as a drug delivery system was investigated. This tool is
composed of both of a functional-domain to connect the drug carrier and a targeting-domain to
recognize the target cell. The recombinant protein consisted of a lung tumor specific peptide,
domain 1-3 of intermedilysin with an introduced disulphide-bond to block the conformational
change and pore-formation, and domain 4 of Streptococcus mitis-derived human platelet
aggregation factor, was prepared using bacterial-expression system then investigated its function. It
was shown that the prepared protein tool could specifically deliver a model of drug-carrier vesicles
to human lung tumor cells in vitro. This result suggests that the novel functional protein tool
constructed in this study has the superior properties for clinical application.

Key words: Cholesterol-Dependent Cytolysin, Functional Protein Tool, Drug Delivery System,

Clinical Application, Bacterial Protein Toxin
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Fig. 1: Model structure of ILY (A) and its derivative functional protein tool (B).
Domain 4 was swapped with that of Sm-hPAF in (B).
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Fig. 2: Functional and effective delivery of LTSP-CDC(ss)-NR to target cells.
A549 (A, B, C, E, F, G) and NB1RGB (D, H) treated with NR (A, E), CDC(ss)-NR
(B, F), and LTSP-CDC(ss)-NR (C, D, G, H) were observed in bright field (A, B, C, D)
and dark field (E, F, G, H), respectively .
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Fig.3. Specificity of the model vehicle delivery for LTSP-CDC(ss)-FCL to target cell.
Dark field observation (A) was indicated the specific delivery of LTSP-CDC(ss)-FCL
to A549 in the mixed culture system. LTSP-CDC(ss)-FCL was specifically bound to
AS549 (red arrow). However, little binding was shown to NBIRGB (blue arrow).
Typical morphology of A549 and NB1RGB was also shown in the square bracket.
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Development of Small Radio Sensing System
for Diagnosis of Electric Power Equipment

by
Masatake KAWADA

Partial discharge (PD) is a symptom of insulation degradation of electric power apparatus and
facilities. This paper shows a new small receiver for detecting the electromagnetic waves emitted
from PD. The receiver has an analog to digital converter (ADC) with 8 bits and a field programmable
gate array (FPGA). It is confirmed that the receiver synchronously can obtain two signals generated
by using a generator. The comparison of dynamic range of the receiver and spectrum analyzer (SA),
which has been widely used, and the investigation of effect of pulse repetition frequency (PRF) are

carried out.

Keywords : Partial Discharge, Electromagnetic Waves, Radio Sensing, Interferometry, Electric Power

Apparatus and Facilities
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Table 1 Specifications for receiver

Product Name

National Semiconductor

ADCO08D1500DEV

Clock  Frequency

200MHz to 1.5GHz

Range (Max1.5GSPS operation)
Channel 2ch

Memory 4K Bytes per channel
Processor Xilinx Virtex 4 FPGA

Size 190mm X 12.6mm X 3.5mm

Amplitude

Amplitude

T
1000

T T
2000 3000
Points

B4 IEZM AR

Fig.4 Result of obtaining sinusoidal waves by using ADC
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Fig.5 The block diagram of superheterodyne spectrum
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Sinuscrdal wave( 1 500Hz -20dBm)
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Fig.6 Evaluating the measurement results with respect to the

RBW and VBW of superheterodyne spectrum analyzer
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Fig.7 The effect of RBW and VBW
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The Study of High Performance Design and Internal Flow of
Energy Saving Contra-Rotating Small-Sized Axial Fan

Toru SHIGEMITSU, Tadahiro YANO, Yuki OKABE, Junichiro FUKUTOMI

Small-sized axial fans are used as air cooler for electric equipments. But there is a strong demand for
higher power of fan according to the increase of quantity of heat from electric devices. Therefore, higher
rotational speed design is conducted although, it causes the deterioration of efficiency and the increase
of noise. Then the adoption of contra-rotating rotors for small-sized fan was proposed for the

improvement of performance.

In the present paper, the performance and internal flow condition of a small-sized axial fan with
100mm diameter are shown as a first step of the research for the contra-rotating small-sized axial fan and
the similarity law of this small-sized axial fan is discussed. Furthermore, the numerical flow simulation
was conducted to investigate the performance of the contra-rotating small-sized axial fan and internal
flow field and pressure distributions were clarified and the effect of contra-rotating rotors would be

considered.
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Fig.1 Small sized axial fan
Table.1 Primary dimensions of R and RR types

Hub Mid Tip
Diameter 45 72 98
Blade Number 4
) NACA NACA | NACA
Rotor Blade Profile 4412 4412 4412
(Riype) Solidity 0.908 0.361 0.208
Stagger Angle 59.84° 70.35° 74.87°
Diameter 45 73 98
Blade Number 4
Front Rotor Blade Profile NACA NACA | NACA
(RR type) 4406 4406 4406
Solidity 1.245 0.508 0.308
Stagger Angle 42.40° 60.11° 67.21°
R Blade Number 5
ear
Rotor Blade Profile Nﬁ(():gA Nﬁgéb‘ Nﬁg;‘
(RRype) Solidity 0.910 0.447 0.288
Stagger Angle 55.92° 66.91° 68.87°
Pitat tube plugrin®+~ Chamber

Fig.2 Experimental apparatus
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Fig.3 Measuring points for internal flow

Flow inlet
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Inlet region Chamber region

Outlet region

(@) Numerical domain

(b) RRiype

(d) RR type rear rotor
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—E—40mm dc

Fig.4 numerical grids
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Fig.5 Pressure curve
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Flow outlet
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(a) Axial velocity distributions
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(b) Circumferential velocity distributions

Fig.6 Velocity distributions at rotor inlet
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(b) Circumferential velocity distributions
Fig.7 Velocity distributions at rotor outlet
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Fig.8 Pressure curves at different rotational speed
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Fig.10 Velocity distributions at rotor outlet
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Development of an in vivo Evaluation System
of Antioxidants for their VVascular Protective Activities

using the Chick Embryonic Chorioallantoic Membrane

by

Chiaki ABE*, Yoshihiro UTO%, Eiji NAKATA?, Hitoshi HORI?

Abstract

The drug discovery research of clinical-use antioxidants, which may control various vascular
disorders caused by the oxidative stress, is extremely important. We present the development of an
in vivo evaluation system of antioxidants for their vascular protective activities using the chick
embryonic chorioallantoic membrane (CAM). In the case of 12-days chick embryos, the topical
administration of 2,2'-azobis(2-methylpropionamidine) dihydrochloride (AAPH) induced their
vascular injuries against the CAM veins and venous capillaries but without substantial fatal damage.
Artepillin C, a potent natural antioxidant, did not show the chick embryo’s venous injury, and
pre-treatment with artepillin C would tend to protect the CAM veins injuries induced by the
post-administration of AAPH. These results suggest that artepillin C might be able to protect the

AAPH-induced vascular injury in in vivo.

In conclusion, we showed the possibility of in vivo

evaluation system of antioxidants for their vascular protective activities using the chick embryo.

Key words: Antioxidant, Artepillin C, Chick embryo chorioallantoic membrane, vascular injury

1. Introduction
Agents with anti-inflammatory and antioxidant
actions have been demonstrated to exert beneficial
effects on cardiovascular diseases . In fact, the in
vitro evaluation system of antioxidants is being
mainly used now. It, however, has a problem of no
appreciable in vivo redox status of the antioxidants.
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Preclinical assays generally using mammalian
models such as mouse and rat are time-consuming,
expensive, and require special facilities and limitation
from ethical and legal points of view. Therefore, the
developments of an alternative method of the
mammalian models are necessary.

The chick embryo is frequently used as an
alternative experimental animal for angiogenic
investigations ®.  Current laws regulating animal
experimentation in Japan allows us to use chick
embryo without authorization from our animal
experimentation committee. The development of an
in vivo model using the chick embryo has more
advantages, such as, handy-size, quickness, less
expensiveness, and possible  building in



BULLETIN OF INSTITUTE OF TECHNOLOGY AND SCIENCE THE UNIVERSITY OF TOKUSHIMA

high-throughput screening than a general animal
model.

We adopted artepillin C as an antioxidant to
evaluate the utility of our designed in vivo model
using the chick embryo. Artepillin C is a
diprenyl-p-hydroxycinnamic acid first isolated from
Baccharis species as a major constituent (>5%) in
Brazilian propolis . Artepillin C showed a potent
antioxidative activity for lipid peroxidation ®. We
succeeded in the first total synthesis of artepillin C ©,
and then we termed “isoprenomics” for medicinal
chemistry of isoprenoids involved in their structural
analyses, biosyntheses, biological functions, and
chemotypes ©.

In this paper, we present the development of an
in vivo evaluation system of antioxidants for their
vascular protective activities using the chick embryo.

2. Materials and Methods

2.1. In vivo model for the evaluation of
antioxidants using the 6- or 12-days chick embryo

Fertilized chicken eggs were purchased from
Goto Hatchery, Inc. (Gifu, Japan). The pro- or
anti-oxidative effects of AAPH and artepillin C on the
chick embryonic chorioallantoic membrane (CAM)
vascular were evaluated according to the CAM
method . CAM vascular injury was judged by ratio
to total number of egg of inhibited one; digestion
(Figure 1B) or disappearance (Figure 1C) of CAM
blood vessel within the silicon ring. Figure 1A
shows the control (no injury).

Fertilized chicken eggs (Ishii co-ltd, Inc.,
Tokushima, Japan) were incubated in a humidified
incubator at 37.6 °C for 9 days. At day 10, air cell
region and a part of the CAM blood vessel region (2 x
2 cm) on the egg shell were cut off with a grinder. A
shell membrane was peeled off from CAM and the
shell membrane was removed. Opened shell window
was sealed with opsite and then the egg was incubated
at 37.6°C in a humidified atmosphere until day 12.
At day 12, a silicon ring was placed on the CAM
blood vessel and various concentrations of antioxidant
solution including 1% methyl cellulose/0.9% NaCl
(5% DMSO) were dropped into the silicon ring.
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Opened shell window was sealed again with tegaderm
and the egg was incubated at 37.6°C in a humidified
atmosphere for 24 hours. CAM veins (size: ca. 0.5
mm) and venous capillaries (size: < 0.1 mm) injury
were judged by according to the above-mentioned
method.  The significance of difference between
different groups was analyzed by the multiple
numbers of eggs.
2.2. Protection effect of artepillin C for
AAPH-induced oxidative vascular injury

At day 12, a silicon ring was placed on the
CAM blood vessel, and various concentrations of
artepillin C including 1% methy! cellulose/0.9% NaCl
(5% DMSO) were dropped into the silicon ring.
Opened shell window was sealed again with tegaderm
and the egg was incubated at 37.6°C in a humidified
atmosphere for 1 hour. The topical administration of
AAPH (3 mg) into the silicon ring and egg was
incubated at 37.6°C in a humidified atmosphere for 24
hours. CAM veins and venous capillaries injury
were judged according to the description of 2.1.

3. Results

3.1. CAM vascular toxicity of AAPH or artepillin
C for 6- and 12-days chick embryo

The topical administration of AAPH (a dose
from 100 to 300 pg), a water-soluble prooxidant, to
the CAM of 6-days chick embryos, resulted in their
vascular injuries of percentages from 0 to 100%
dose dependently, which were correlated with their
increased fatal rate of percentages from 0 to 71%
(Table 1). Artepillin C (a dose from 0.1 to 10 ug), a
potent natural antioxidant, tends to show a weak
vascular injury and fatal damage (each 33% at 1.0 ug)
(Table 2).

In the case of 12-days chick embryos, AAPH
(doses from 0.3 to 7.0 mg) induced their vascular
injuries up to 80% against the CAM veins and venous
capillaries without substantial fatal damage (Table 3).
Artepillin C, with its dose of up to 30 g, did not
show the CAM veins injury and fatality of chick
embryo (Table 4).
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3.2. Protection effect of artepillin C for tends to protect the CAM veins injuries, and the injury
AAPH-induced oxidative vascular injury rate has de-creased up to 20%, induced by the
In the case of 12-days chick embryos, post-administration of 3 mg of AAPH (Table 5).

pre-treatment with artepillin C (a dose of 1 and 10 nug)

Figure 1. CAM images of no injury (A), digestion (B), and disappearance (C) of CAM blood vessel

Table 1. Embryo (6-days) and CAM vascular toxicity of AAPH

AAPH (ug) CAM vascular injury rate (%) Embryo fatal rate (%) Number of eggs
0 14 14 7
100 0 0 5
150 33 1 9
200 86 43 7
250 86 71 7
300 100 71 7

Table 2. Embryo (6-days) and CAM vascular toxicity of artepillin C

Avrtepillin C (ng) CAM vascular injury rate (%) Embryo fatal rate (%) Number of eggs
0 0 0 7
0.1 17 0 6
1.0 33 33 6
10 17 0 6

Table 3. Embryo (12-days) and CAM vascular toxicity of AAPH
AAPH Veins injury rate  Venous capillary injury rate Embryo fatal rate

Number of eggs

(mg) (%0) (%) (*0)

0 0 20 0 5
03 0 20 20 5
1.0 0 20 0 5
3.0 40 60 0 5
7.0 80 80 0 5
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Table 4. Embryo (12-days) and CAM vascular toxicity of artepillin C

Artepillin C ~ \eins injury rate  Venous capillary injury rate  Embryo fatal rate Number of eggs
(ng) (%) (%) (%)
0 0 0 0 5
0.1 20 60 0 5
1.0 0 20 0 5
10 0 25 0 4
30 0 0 0 2
Table 5. Protection effect of artepillin C for AAPH-induced vascular injury
ArtepillinC  AAPH \eins injury rate Venous capillary injury Embryo fatal rate Number of
(ng) (mg) (%) rate (%) (%) eggs
0 0 0 20 0 5
0 3 80 100 40 5
0.1 3 40 100 0 5
1 3 20 80 0 5
10 3 20 60 0 5
4. Discussion 5. Conclusion

In this paper, we presented the development of
the new in vivo evaluation system of antioxidants for
their vascular protective activities using the chick
embryo. In the case of 6-days chick embryo, not
only AAPH but also artepillin C showed the CAM
vascular injury and embryo’s fatality. These results
suggest that immature developing CAM vasculature
might have low tolerance to oxidative injury. Besides,
artepillin C did not show the CAM veins injury
without their fatal damage while AAPH had shown
vascular injuries as observed in the case of 12-days
chick embryo. The CAM blood vessels of chick
embryo formed during the day 4 or 5 and its rapid
capillary proliferation continued until day 11 ©,
therefore we thought that this different result depends
on the maturity of the CAM blood vessels. We
presumed that artepillin C would tend to protect the
CAM veins injuries induced by AAPH because of the
amphiphilic property of artepillin C having both
vascular penetrativeness and still water solubility.
Our developed in vivo evaluation system of
antioxidants for their vascular protective activities
using the chick embryo might be useful for the drug
discovery research of clinical-use antioxidants.

In our developed in vivo evaluation system of
antioxidants for their vascular protective activities
using the chick embryo, we demonstrated that
artepillin C would tend to protect the AAPH-induced
vascular injury of 12-days chick embryonic CAM.
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Yamato, Masatake Akutagawa, Toshitaka Ikehara, Yutaka Nakaya, Yohsuke Kinouchi ; Availability of UVA-light emitting
diodes for disinfection system, 25 22 [BIZE{k - EBI T % > R Y7 L, Harbin, 2008 4F 1 H.

Toshitaka Ikehara, Shiraishi Tairho, Nishisako Hirotaka, Hisao Yamaguchi, Mitsuo Kitamura, Masayuki Shono, Kazuo
Yoshizaki, Kazuyoshi Kawazoe, Kazuo Minakuchi, Yohsuke Kinouchi, Hiroshi Miyamoto ; EFFECTS OF TIME-VARYING
MAGNETIC FIELD ON REGULATORY VOLUME DECREASE IN BOVINE ADRENAL CHROMAFFIN CELLS, The
Bioelectromagnetics Society 30th Annual Meeting, The Bioelectromagnetics Society, San Diego, 2008 4F- 1 H, pp.368-369.
Takashi Nakae, Yoshihiro Uto, Motoko Tanaka, Haruna Shibata, Eiji Nakata, Masahide Tominaga, Hiroshi Maezawa,
Toshihiro Hashimoto, Kenneth L. Kirk, Hideko Nagasawa, Hitoshi Hori ; Design, synthesis, and radiosensitizing activities of
sugar-hybrid hypoxic cell radiosensitizers, Bioorganic & Medicinal Chemistry, Vol.16, No.2, Elsevier Science, 2008 4F 1 H,
pp-675-682.

Tomohiro Hirano, Hideaki Ishizu, Tsuneyuki Sato ; Metal-free isotactic-specific radical polymerization of N-
isopropylacrylamide with pyridine N-oxide derivatives: The effect of methyl substituents of pyridine N-oxide on the
isotactic specificity and the proposed mechanism for the isotactic-specific radical polymerization, Polymer, Vol.49, No.2, 2008

iF 1 H, pp.438-445.

M Nakatani, Y Takehara, H Sugino, M Matsumoto, O Hashimoto, Y Hasegawa, T Murakami, A Uezumi, S Takeda, Sumihare
Noji, Y Sunada, K Tsuchida ; Transgenic expression of a myostatin inhibitor derived from follistatin increases skeletal muscle
mass and ameliorates dystrophic pathology in mdx mice., FASEB J., Vol.22, No.2, 2008 & 2 H, pp.477-487.

Yl 79 3 A7 v B VREERTE SETHE 6 i [SERT - MIE) REEfE M LS MRS A7 v e v RERRERZE %,
RS X P AL 2 —4k, 5, 2008 452 H.

Ui 3 27y B VESORRRIL SGETE 6 i [SERT « AISE] [CD-ROM for Windows] #8E:ifE A LB ik 27 v K<
PEep KRR R H o, BBt X P AL e 2 — 4k, H5E, 2008 4 2 H.

S M Takehara Y Sugino H Matsumoto M Hashimoto O Hasegawa Y Murakami T Uezumi A Takeda Nakatani, Sumihare Noji, K
Y Tsuchida Sunada ; Transgenic expression of a myostatin inhibitor derived from follistatin increases skeletal muscle mass
and ameliorates dystrophic pathology in mdx mice, FASEB J, Vol.22, No.2, 2008 4 2 H, pp.477-87.

Masaki Nishiuchi, Hiroyasu Sato, Hiroyuki Ohmura ; Cycloaddition/Ring Opening Sequence of a-Hydroxy Cyclic Nitronates
as a Synthetic Equivalent of Functionalized Aliphatic Nitrile Oxides, Chemistry Letters, Vol.37, No.2, The Chemical Society
of Japan, 2008 £ 2 H, pp.144-145.

Masaki Nishiuchi, Hiroyasu Sato, Nao Umemoto, Sayoko Murakami ; exo-Selective Cycloaddition Reactions of a-Hydroxy
Cyclic Nitronates to Allylic Alcohols in the Presence of Magnesium lons Leading to Isoxazolidines and Isoxazolines,
Chemistry Letters, Vol.37, No.2, The Chemical Society of Japan, 2008 £ 2 H, pp.146-147.

Manda Sushma, Nakanishi Ikuo, Ohkubo Kei, Yoshihiro Uto, Kawashima Tomonori, Hitoshi Hori, Fukuhara Kiyoshi, Okuda
Haruhiro, Ozawa Toshihiko, Ikota Nobuo, Fukuzumi Shunichi, Anzai Kazunori ; Enhanced radical-scavenging activity of
naturally-oriented artepillin C derivatives, Chemical Communications, Vol.none, No.7, 2008 £ 2 H, pp.626—628.

B VAL ; [EIBSBIAS 15020743 TR TARHERL M D PR MEERT ) OB, %2 @ 35534 (Transfer method), Il T-5¢
fift, Vol.43, No.2, fifffttl:, KBk, 2008 4 2 H, pp.139-142.

Niraldo Paulino, Lemos Sheila Rago Abreu, Yoshihiro Uto, Daisuke Koyama, Hideko Nagasawa, Hitoshi Hori, Verena M.
Dirsch, Angelika M. Vollmar, Amarilis Scremin, Walter A. Bretz ; Anti-inflammatory effects of a bioavailable compound,
Artepillin C, in Brazilian propolis, European Journal of Pharmacology, Vol.587, No.1-3, Elsevier, 2008 4F 2 H, pp.296-301.
Nhien Van Nguyen, Nguyen Cong Khan, Nguyen Xuan Ninh, Phan Van Huan, Le Thi Hop, Nguyen Thi Lam, Fusao Ota,
Tomoki Yabutani, Vu Quynh Hoa, Junko Motonaka, Yutaka Nakaya, Takeshi Nishikawa ; Micronutrient deficiencies and

anemia among preschool children in rural Vietnam, Asia Pacific Journal of Clinical Nutrition, Vol.17, No.1, 2008 F£3H,
pp-48-55.
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Mayumi Okamoto, Sayuri Tomonari, Y Naito, K Saigo, Sumihare Noji, K Ui-Tei, Hideyo Ohuchi ; Introduction of
silencing-inducing transgene against Fgf19 does not affect expression of Tbx5 and beta3-tubulin in the developing chicken
retina., Development Growth & Differentiation, Vol.50, No.3, 2008 4 3 H, pp.159-168.

Yoshitoshi Nakamura, Akihiro Kurosumi, Godliving Mtui ; Manufacturing Method of Okara-Containg Soybean Curd Using
Steam Explosion, Journal of Food Chemistry, Vol.6, No.3, 2008 4 3 H, pp.135-138.

K M Tomonari S Naito Y Saigo Okamoto, Sumihare Noji, K Ui-Tei, Hideyo Ohuchi ; Introduction of silencing-inducing
transgene against Fgf19 does not affect expression of Tbx5 and beta3-tubulin in the developing chicken retina, Development
Growth & Differentiation, Vol.50, No.3, 2008 4£ 3 H, pp.159-68.

N Kinouchi, Y Ohsawa, N Ishimaru, Hideyo Ohuchi, Y Sunada, Y Hayashi, Y Tanimoto, K Moriyama, Sumihare Noji ;
Atelocollagen-mediated local and systemic applications of myostatin-targeting siRNA increase skeletal muscle mass., Gene
Ther., 2008 £ 3 H.

Nao Kinouchi, Naozumi Ishimaru, Hideyo Ohuchi, Y Sunada, Yoshio Hayashi, Yukiho Tanimoto, Keiji Moriyama, R
#, Sumihare Noji ; Atelocollagen-mediated local and systemic applications of myostatin-targeting siRNA increase skeletal
muscle mass., Gene Ther., 2008 4 3 H.

ERE T ; EIBRKIRE 1S020743 THLEE N Lt B O PLE MEEER TR ) OBEEE, 2 O 4 BRI (Absorption method),
I, Vol.43, No.3, f#ERL, KB, 2008 4 3 H, pp.210-213.

TR W, L &, K B, R A, R B RRERE O = R L X — R & A 2 BT 2 28 A M R Sk
A7) v FAKEE T AR R B A D 43 F-8% 51 -Pharmacokinetic drug design 33 & -, UK AEMIIITE, Vol 43,
No.1, IR AEIIFSE 43, 2008 4E 3 H, pp.68-79.

Masaki Goto, Masataka Kusube, Nobutake Tamai, Hitoshi Matsuki, Shoji Kaneshina ; Effect of hydrostatic pressure on
the bilayer phase behavior of symmetric and asymmetric phospholipids with the same total chain length, Biochimica et

Biophysica Acta, Vol.1778, No.4, Elsevier Science, 2008 4F- 3 A, pp.1067-1078.

b BEAE, 71 R, RV S50, B 85, R Bt s SRR I B 1) 2 RS EROIE S X VERIERD €
=F Y VT AT b, EREBERE, Vol.27, No.5, kAt M B HTH:, 2008 4 3 A, pp.415-423.

Tomohiro Hirano, Yuya Okumura, Yasuhiro Fujioka, Tsuneyuki Sato ; Hydrogen-bond-assisted syndiotactic-specific radical
polymerization of N-isopropylacrylamide: The solvent effect on the stereospecificity, European Polymer Journal, Vol.44,

No.4, Elsevier Science, 2008 4 4 H, pp.1053-1059.

Siddhartha Shenoy, Fernando Crisostomo Pinacho, Tetsuo Iwasawa, Julius Rebek ; Organocatalysis In a Synthetic Receptor
with an Inwardly Directed Carboxylic Acid, Journal of the American Chemical Society, Vol.130, No.17, American Chemical
Society, 2008 4 4 H, pp.5658-5659.

MR — 72, IRP s, AR B O R, 1Lk Hsg, B dhit, @RE SR b ka7 — LREHICE 1 2 JUHEDE
fuldle 2 MR L 7 B RE OB PIR & IR, WH, BRI R 1O R E I, B 2AAEE, Vol 7, No.2, 2008 4
4 A, pp.309-315.

Yoshihiro Uto, Hideko Nagasawa, Cheng-Zhe Jin, Shinichi Nakayama, Ayako Tanaka, Saori Kiyoi, Hitomi Nakashima,
Mariko Shimamura, Seiichi Inayama, Tomoya Fujiwara, Yoshio Takeuchi, Yoshimasa Uehara, Kenneth L. Kirk, Eiji Nakata,
Hitoshi Hori ; Design of antiangiogenic hypoxic cell radiosensitizers: 2-Nitroimidazoles containing a 2-aminomethylene-
4-cyclopentene-1,3-dione moiety, Bioorganic & Medicinal Chemistry, Vol.16, No.11, Elsevier Science, 2008 4£ 4 H,
pp.6042-6053.

Jiro Kumaki, Takehiro Kawauchi, Koichi Ute, Tatsuki Kitayama, Eiji Yashima ; Molecular Weight Recognition in the
Multiple-Stranded Helix of a Synthetic Polymer, Journal of the American Chemical Society, Vol.130, No.20, American
Chemical Society, 2008 4 4 H, pp.6373-6380.

Afework Kassu, Tomoki Yabutani, Andargachew Mulu, Belay Tessema, Fusao Ota ; Serum zinc, copper, selenium, calcium,
and magnesium levels in pregnant and non-pregnant women in gondar, northwest ethiopia, Biological Trace Element
Research, Vol.122, No.2, Humana Press Inc, 2008 4F 5 H, pp.97-106.

Liu Dali, Hiromichi Yumoto, Keiji Murakami, Katsuhiko Hirota, Tsuneko Ono, Hideaki Nagamune, Shizuo Kayama,
Takashi Matsuo, Yoichiro Miyake ; The essentiality and involvement of Streptococcus intermedius histone-like DNA-binding

protein in bacterial viability and normal growth, Molecular Microbiology, Vol.68, No.5, Blackwell Publishing, 2008 4F 5 H,
pp.1268-1282.

LR RN RNBATIAN A F e v, = T Y 74 VYT 7L — a v, Vol2l, No5.6, Ratt 74— 74 - > 1 —,
2008 4£ 5 H, pp.329-334.

Tomohiro Hirano, Shuhei Masuda, Tsuneyuki Sato ; Hydrogen-Bond-Assisted Syndiotactic-Specific Radical Polymerization
of N,N-Dimethylacrylamide in the Presence of Tartrates, Journal of Polymer Science:Part A:Polymer Chemistry, Vol.46,
No.9, 2008 4 5 H, pp.3145-3149.

Mikito Yasuzawa, Kazuaki Edagawa, Hiroki Takaoka, Makoto Ichihashi ; Preparation of glucose sensors by the
electropolymerization of pyrrole derivatives in the presence of polyglutamic acid, ACEC2008 (6th Asian Conference on
Electrochemistry), Taipei, 2008 4 5 H.

& B, IR B, B3 M ) VIRE A TIRICE T B E SRR ARSI, EE D o Rl & il Vol.18, No.2,
AAEE 1244, 2008 4£ 5 H, pp.110-118.

SR 283, ML K, KK 1A, 2558 T8k, B &, hHE SKREL I B 4 Y 7L VIR A T ARG O ex vivo A
AR & Z OEIIHEO I, R KREREBEY &5 7 7 YA v AREIBIERE, No.53, HE KFEREREY © & 5
7 ) WA v ARRYEE, fE S, 2008 4F 5 H, pp.52-56.
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Nobutake Tamai, Takayuki Matsui, Nobutaka Moribayashi, Masaki Goto, Hitoshi Matsuki, Shoji Kaneshina ; Cholesterol
Suppresses Pressure-induced Interdigitation of Dipalmitoylphosphatidylcholine Bilayer Membrane, Chemistry Letters,

Vol.37, No.6, The Chemical Society of Japan, 2008 4F- 5 A, pp.604—605.

Kaori Tada, Masaki Goto, Nobutake Tamai, Hitoshi Matsuki, Shoji Kaneshina ; Thermotropic and barotropic phase transitions
of dilauroylphosphatidylcholine bilayer, Chemistry and Physics of Lipids, Vol.153, No.2, Elsevier, 2008 4F 6 H, pp.138—143.
Nobutake Tamai, Maiko Uemura, Tetsuya Takeichi, Masaki Goto, Hitoshi Matsuki, Shoji Kaneshina ; A new interpretation
of eutectic behavior for distearoylphosphatidylcholine-cholesterol binary bilayer membrane, Biophysical Chemistry, Vol.135,
No.1-3, Elsevier, 2008 4F 6 H, pp.95-101.

Tomoki Yabutani, Junko Motonaka, Kazumi Inagaki, Akiko Takatsu, Takashi Yarita, Koichi Chiba ; Simultaneous
determination of trimethyl- and triethyllead in urban dust by species-specific isotope dilution / gas chromatography -
inductively coupled plasma mass spectrometry, Analytical Sciences, Vol.24, No.6, 2008 £ 6 H, pp.791-794.

Yuji Tani, Katsuhito Tanaka, Tomoki Yabutani, Yuji Mishima, Haruhiko Sakuraba, Toshihisa Ohshima, Junko Motonaka ;
Development of a D-amino acids electrochemical sensor based on immobilization of thermostable D-Proline dehydrogenase
within agar gel membrane, Analytica Chimica Acta, Vol.619, 2008 4F 6 H, pp.215-220.

Akitsugu Murakami, Masatake Akutagawa, Yoshiaki Ohnishi, Yasuhiro Kuroda, Yohsuke Kinouchi ; Integrated Alarm
Monitoring System in the ICU, Mobile Telemedicine: A Computing and Networking Perspective, Auerbach Pub, 2008 4 6

Mohamed Reda Berber, Keiji Minagawa ; Preparation of new nanocomposite materials based on layered double hydroxide,
The First Egypt-Japan International Symposium on Science and Technology, The Embassy of Egypt in Japan, Tokyo, 2008
o H

Koichi Ute, Kosuke Hattori, Takeo Ikemiya, Aiko Kubokawa, Tomohiro Hirano ; Multivariate Analysis of 13C NMR Spectra
of MMA-HEMA Copolymers, 21th International Symposium for Polymer Analysis and Characterization (ISPAC-2008),
Newark, DE, USA, 2008 4 6 H.

Yagi Noriyuki, Mirei Mori, Hamamoto Akiko, Lian Xin, Nakano Masayuki, Masatake Akutagawa, Tachibana Satoko,
Akira Takahashi, Toshitaka Ikehara, Yohsuke Kinouchi ; EFFECTS OF 365NM UVA-LED ON BACTERIA, The
Bioelectromagnetics Society 30th Annual Meeting, The Bioelectromagnetics Society, San Diego, 2008 4 6 H, pp.350-351.
Higashiyama Yukitaka, Toshitaka Ikehara, Yohsuke Kinouchi, Masatake Akutagawa, Kazuo Yoshizaki, Morimoto Toshifumi,
Inoue Tadaaki ; EFFCTS OF MICRO WAVE ELECTROMAGNETIC FIELDS (438.5MHZ) ON TRANSIENT INCREASE
IN INTRACELLULAR CA?* IN BOVINE ADRENAL CHROMAFFIN CELLS, The Bioelectromagnetics Society 30th
Annual Meeting, The Bioelectromagnetics Society, San Diego, 2008 4= 6 H, pp.367-368.

Wi Y5, FPEH SR, TR I, KR A BR(LA b L AR & U 7SR - BREE, IR b L R DR, Rkt B2 &
TRIEEAL, HnE, 2008 4F 6 H.

LR RN RNELBARI N A F 2 v, ettt v, R etk 7 4+ — - 7 A - 24—, 2008 4 6 H, pp.344-349.
Hirofumi Nagashino, Ken’ichi Fujimoto, Yohsuke Kinouchi, Ali A. Danesh, Abhijit S. Pandya ; A computational model for
tinnitus and its management by sound therapy, Abstract Book of Ninth International Tinnitus Seminars, Gothenburg, Sweden,
June 15-18, 2008, IEEE, Goteborg, 2008 4F- 6 H, p.85.

Tetsuo Iwasawa, Yoshiki Nishimoto, Kento Hama, Toshinori Kamei, Masaki Nishiuchi, Yasuhiko Kawamura ; Synthesis
of the functionalized cavitands with inwardly directed dialkylsilyl groups and phosphorous lone pairs, Tetrahedron Letters,
Vol.49, No.32, Elsevier, 2008 & 6 H, pp.4758-4762.

R SR, el % AORRITHENE, A LETZE L ¥ —, Vol.27, 2008 4 6 H, pp.24-29.

Akihiro Kurosumi, E. Kaneko, Yoshitoshi Nakamura ; Degradation of Reactive Dyes by Ozonation and Oxalic Acid-
Assimilating Bacteria Isolated from Soil, Biodegradation, Vol.19, No.4, 2008 4 7 H, pp.489-494.

K Y Okada T Kuga A Hayashi S Murakami T Tsuchida Ohsawa, Sumihare Noji, Y Sunada ; Caveolin-3 regulates myostatin
signaling. Mini-review, Acta Myol, Vol.27, 2008 4 7 H, pp.19-24.

A SMigita K Takagi Tomonari, Sumihare Noji, Hideyo Ohuchi ; Expression patterns of the opsin 5-related genes in the
developing chicken retina, Developmental Dynamics, Vol.237, No.7, 2008 4F 7 A, pp.1910-22.

Taro Mito, S T Sarashina I Chang CC Ogawa Nakamura, Hideyo Ohuchi, Sumihare Noji ; Dynamic expression patterns of vasa
during embryogenesis in the cricket Gryllus bimaculatus, Dev Genes Evol, Vol.218, No.7, 2008 4F 7 H, pp.381-7.
Tomohiro Hirano, Kimihiko Nakamura, Takahiro Kamikubo, Satoshi Ishii, Kanami Tani, Takeshi Mori, Tsuneyuki

Sato ; Hydrogen-bond-assisted syndiotactic-specific radical polymerizations of N-alkylacrylamides: The effect of the
N-substituents on the stereospecificities and unusual large hysteresis in the phase-transition behavior of aqueous solution of

syndiotactic poly(N-n-propylacrylamide), Journal of Polymer Science:Part A:Polymer Chemistry, Vol.46, No.13, 2008 4 7
H., pp.4575-4583.

T Nakamura, Taro Mito, K Miyawaki, Hideyo Ohuchi, Sumihare Noji ; EGFR signaling is required for re-establishing the
proximodistal axis during distal leg regeneration in the cricket Gryllus bimaculatus nymph, Developmental Biology, Vol.319,
No.1,2008 4 7 H, pp.46-55.

Shinichi Nakayama, Yoshihiro Uto, Kanako Tanimoto, Yasuhiro Okuno, Yuki Sasaki, Hideko Nagasawa, Eiji Nakata, Ken

Arai, Kaori Momose, Tetsuro Fujita, Toshihiro Hashimoto, Yasuko Okamoto, Yoshinori Asakawa, Satoru GOTO, Hitoshi
Hori ; TX-2152: A conformationally rigid and electron-rich diyne analogue of FTY720 with in vivo antiangiogenic activity,

Bioorganic & Medicinal Chemistry, Vol.16, No.16, Elsevier Science, 2008 4F- 7 H, pp.7705-7714.

Tetsuo Iwasawa, Toshinori Kamei, Kento Hama, Yoshiki Nishimoto, Masaki Nishiuchi, Yasuhiko Kawamura ; Straightforward
access to functionalized pentaarylbenzene derivatives through a quick lithiation, Tetrahedron Letters, Vol.49, No.36, Elsevier,
2008 4F 7 H, pp.5244-5246.
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Nazrul Islam, Takashi Ooi, Tetsuo Iwasawa, Masaki Nishiuchi, Yasuhiko Kawamura ; Reaction of Tetraarylallene with
Tetracyanoethylene: Generation of Novel 4,10c-Diazaacephenanthrylene, The 8th International Symposium on Functional

pi-Electron Synstems, The 8th International Symposium on Functional pi-Electron Synstems, Graz, 2008 4 7 H.
Nazrul Islam, Takashi Ooi, Tetsuo Iwasawa, Masaki Nishiuchi, Yasuhiko Kawamura ; Thermal Cyclotrimerization

of Tetraphenyl[S]cumulene (Tetraphenylhexapentaene) to Sterically Overcrowded Tricyclodecadiene Derivative, The 8th
International Symposium on Functional pi-Electron Systems, The 8th International Symposium on Functional pi-Electron

Systems, Graz, 2008 4F 7 H.

Yongjian Chen, Masatake Akutagawa, Qinyu Zhang, Yohsuke Kinouchi ; Neural Network Based Audio Signal Denoising,
Proceedings of International Conference On Advanced Infocomm Technology 2008, Shanghai, 2008 4 7 H, pp.87-91.
Takahiro Emoto, Shinsuke Konaka, Masatake Akutagawa, Yohsuke Kinouchi ; A Study on Gigabit Laser Driver Circuit with
RC Shunt Circuit for LD Current Waveform Correction, Proceedings of International Conference On Advanced Infocomm
Technology 2008, Shanghai, 2008 4F 7 H, pp.212-216.

BB i 7, 1L A S, RO A S, TR S ORI DA, By BB AR IR, AR M T SRR G 77 A< BUEITITER
B X OFGHEG 7 7 A2 HNmimb 2 M L 72 TGOS TTHRE =, 7H1bF, Vol.57, No.8, 2008 4F 8 H, pp.659-666.
A Y Sakamoto T Karpova SG Matsumoto Moriyama, Sumihare Noji, K Tomioka ; RNA interference of the clock gene period
disrupts circadian rhythms in the cricket Gryllus bimaculatus, J Biol Rhythms, Vol.23, No.4, 2008 4 8 H, pp.308-18.

N NOhsawa Y Ishimaru Kinouchi, Hideyo Ohuchi, K Y HayashiY TanimotoY Moriyama Sunada, Sumihare Noji ;
Atelocollagen-mediated local and systemic applications of myostatin-targeting siRNA increase skeletal muscle mass, Gene
Ther, Vol.15, No.15, 2008 4f: 8 H, pp.1126-30.

JRH Wass, JAAE Y3, RN B, AN 5L HRIERE 7 o BN 2 LR B AMEE R, SN A A v R
LA AT 2 7 aY— Vol.2,2008 4 8 H, pp.96-100.

TN BT, 5 A, R R, SR B, FA JBRA  AREBMAE I & 2 RAGKE A A NE T O BERF O SESEZEE) fFAT, &
JENXALZHA TV RENL LT 27 ) 0P —, Vol.2,2008 4E 8 A, pp.88-95.

AR, A BS54, FRe (R, 0K R, JEA6 1 IBsR - WELANA 770 v FINERSREEREDRTE, WL A 4
YA IV RENA AT/ mP—, Vol.2,2008 4 8 A, pp.101-108.

H. Konishi, Mamun Mohammad Hossain, T. Harihara, Yasuhiko Kawamura, Masao Tsukayama ; Microwave-assisted
Synthesis of Isoflavone Derivatives with Hypervalent Iodine Reagents, Grobal Congress on Microwave Energy Applications
2008, Japan Society of Electromagnetic Wave Energy Applications, Otsu, 2008 4F- 8 A, p.P1-17.

Hitomi Nakashima, Yoshihiro Uto, Eiji Nakata, Hideko Nagasawa, Kazuhiro Ikkyu, Noriko Hiraoka, Kouichiro Nakashima,

Yuki Sasaki, Hiroshi Sugimoto, Yoshitsugu Shiro, Toshihiro Hashimoto, Yasuko Okamoto, Yoshinori Asakawa, Hitoshi
Hori ; Synthesis and biological activity of 1-methyl-tryptophan-tirapazamine hybrids as hypoxia-targeting indoleamine

2,3-dioxygenase inhibitors, Bioorganic & Medicinal Chemistry, Vol.16, No.18, Elsevier, 2008 4F 8 H, pp.8661-8669.
Yoshihiro Uto, Chiaki Abe, Yoshio Endo, Eiji Nakata, Hideko Nagasawa, Hitoshi Hori ; Development of an in vivo evaluation
system of antioxidants for their vascular protective activities using the chick embryo chorioallantoic membrane, ISOTT2008
(2008 International Society on Oxygen Transport to Tissue Conference), Sapporo, 2008 4F- 8 H.

Hitomi Nakashima, Kazuhiro Ikkyu, Kouichiro Nakashima, Keiichiro Sano, Yoshihiro Uto, Eiji Nakata, Hideko Nagasawa,

Hiroshi Sugimoto, Yoshitsugu Shiro, Yoshinori Nakagawa, Hitoshi Hori ; Design of novel hypoxia-targeting IDO hybrid
inhibitors conjugated with an unsubstituted L-Trp as an IDO affinity moiety, ISOTT2008 (2008 International Society on

Oxygen Transport to Tissue Conference), Sapporo, 2008 4F 8 H.

Tomohiro Hirano, Takamasa Miyazaki, Koichi Ute ; Synthesis of heterotactic and syndiotactic polyacrylamides via
stereospecific radical polymerization of N-tert-butoxycarbonylacrylamide in the presence of fluorinated alcohols, Journal of
Polymer Science:Part A:Polymer Chemistry, Vol.46, No.16, 2008 4F 8 H, pp.5698-5701.

Yoshiki Takeda, Hideya Kawasaki, Takehiro Watanabe, Koichi Ute, Ryuichi Arakawa ; MALDI-MS Analysis of Ultrasonic
Degradations of Uniform PMMA, Polymer Journal, Vol.40, No.8, The Society of Polymer Science,Japan, Tokyo, 2008 4F- 8
H., pp.682-683.

Minako Nishida, Yoshinori Tegawa, Yohsuke Kinouchi ; Comparison and evaluation of leakage flux on various types of dental
magnetic attachment, Proceedings of the 30th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society, IEEE, Vancouver, 2008 4f: 8 A, pp.2813-2816.

Toshihiro Murata, Masatake Akutagawa, Yoshio Kaji, Fumio Shichijo, Hirofumi Nagashino, Yohsuke Kinouchi ; EEG
analysis using moving average-type neural network, Proceedings of the 30th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society, IEEE, Vancouver, 2008 4 8 H, pp.169-172.

Yongjian Chen, Masatake Akutagawa, Masato Katayama, Qinyu Zhang, Yohsuke Kinouchi ; Neural network based EEG
denoising, Proceedings of the 30th Annual International Conference of the IEEE Engineering in Medicine and Biology
Society, IEEE, Vancouver, 2008 4F- 8 A, pp.169-172.

Azhim Azran, Masatake Akutagawa, Kazuo Yoshizaki, Shigeru Obara, Masahiro Nomura, Hiroyuki Tanaka, Yohsuke
Kinouchi ; Wireless blood velocity apectra measurement system for healthcare evaluation: Reference data, Proceedings of the
30th Annual International Conference of the IEEE Engineering in Medicine and Biology Society, IEEE, Vancouver, 2008 4 8
H, pp.1427-1430.

Yongjian Chen, Masatake Akutagawa, Masato Katayama, Qinyu Zhang, Yohsuke Kinouchi ; ICA based multiple brain sources
localization, Proceedings of the 30th Annual International Conference of the IEEE Engineering in Medicine and Biology
Society, IEEE, Vancouver, 2008 - 8 H, pp.1879-1882.
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Pu Zhang, Akinobu Kumabe, Yuichi Kogure, Masatake Akutagawa, Yohsuke Kinouchi, Qinyu Zhang ; New function
developed for ICU/CCU remote monitoring system using a 3G mobile phone and evaluations of the system, Proceedings of the
30th Annual International Conference of the IEEE Engineering in Medicine and Biology Society, IEEE, Vancouver, 2008 4F 8
H, pp.5342-5345.

Hirofumi Nagashino, Ken’ichi Fujimoto, Yohsuke Kinouchi, Ali A. Danesh, Abhijit S. Pandya, Jufang He ; Oscillation and its
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Effect of Rich and High Turbulence Combustion on Emissions
and Flame Behavior in a Direct-Injection Diesel Engine
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Changlin YANG, Yoshiyuki KIDOGUCHIL, Kei MIWA
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This study tried to reduce NOx and particulate emissions simultaneously in a high speed direct*

C

injection diesel engine. Fuel-rich combustion was used to reduce NOx emission at initial
combustion stage. High turbulence combustion was used to reduce particulate emission at
diffusion combustion stage. Experiments were carried out to investigate the effects of high squish
combustion chambers with small throat on combustion process and exhaust emissions. Results
showed that in the high squish combustion chamber, both NOx and particulate emissions reduced
with retarded injection timing. Endoscopic high-speed photography was employed to analyze the
experimental results. In the original combustion chamber at the early combustion stage, the high
luminosity flame tended to spread out of the cavity. Fuel-rich mixture burned slowly over the
piston crown. In the high squish combustion chamber, flame rotated violently around the bowl.
Fuel-rich mixture was kept beneath the squish lip, and was mainly oxidized inside the bowl. This
combustion phenomenon was considered to be one of the reasons for low particulate emission in
high squish combustion chambers.
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:1: EC m Abstract (10.5 % 17} Times New Roman) 31: c
> This study investigated the effects of fuel properties on combustion characteristics and] >
emissions such as NOx, THC, smoke and particulate in a direct-injection diesel engine. Cetane
number and aromatic content of fuels were varied independently. The results showed that reducing
cetane number resulted in the increase of NOx and the decrease of particulate at high load. The
aromatic content had little effect on combustion characteristics. However, increasing aromatic
RE content for high ‘cetane number fuel resulted in high NOx and particulate emissions. For low RE
2 cm cetane number fuel, increasing aromatic content produced high THC emission at retarded injection 2 c
—_ timing. In the case of high injection pressure, fuel properties showed little effect on particulate <—
emissions.
(1728
Key words: Diesel Engine, Emission, Combustion, Emission, Fuel
-
(5 %42 (2f728) (&32¥3 10.5 17} Times New Roman)
(BORNI1fr2em) (GHEFSCT)  chamber geometries have been employed V. It is
i 1. Introduction also necessary to investigate the effect of fuel
h'e Direct-injection diesel engines have been properties on  combustion and  emission
1 |widely used on automotive applications because of characteristics because the study of the modifying
F lits inherent high thermal efficiency and low CO, fuel properties is expected to be one of the important
“F |emission. However, emission regulations such as countermeasures to reduce exhaust emissions in the
#i [NOx and particulates have become stringent on a future. In regard of fuel properties such as cetane
B standpoint of preserving the environment. In order to number, aromatic content, distillation temperature
T |reduce exhaust emissions from diesel engines, and viscosity, the effects of these properties on
0 limprovement of injection system such as high combustion and emission characteristics have been
ﬁ pressure  injection and pilot injection, and investigated ©02 However, it is difficult to make
improvement of combustion process using EGR, clear the effect of each property separately because
two-stage combustion and modifying combustion every property affects with each other. In this study,
cetane number and aromatic content are changed
- — independently as fuel properties with keeping 90%
1 Department of Mechanical Engineering, RS
Faculty of Engineering, The University of Tokushima distillation temperature and sulfur content.
2 Department of Ecosystem Engineering, ) ) Experiments are carried out using a single cylinder
*T(gmdu?tes-cmo' OfEngi-neen.n?’ The University of Tokushima direct-injection diesel engine with changed load,
¢ University of Tokushima, 2-1 Minamijosanjima, Tokushima,
770-8506, Japan injection timing and injection pressure. The
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Effect of Fuel Cetane Number and Aromatics
on Combustion Process and Emissions
of a Direct-Injection Diesel Engine
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