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The concept of functional food originated in Japan. This article introduces various theories proposed on
food and health in association with the functionality of functional food and describes its creativity compared
to these theories. In addition, the authors wish to present their recent ideas on assessment methods for the

functionality, its safety, a need to establish assessment methods specific to functional food, etc.
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<Summary>

Food is essential for life and in promoting good health. However, in certain cases consumption of certain
foods or excessive amounts of food can result in disease. In this paper, several issues on food and cancer
prevention are discussed. The World Cancer Research Fund and The American Institute for Cancer Research
have listed 10 items related to food safety and cancer prevention. Recently overweight has been one of the
central issues of discussion and interest, even in Japan. Measures to reduce overweight should be considered
in order to help reduce the chances of people developing cancer. In the area of cancer risk assessment, as it
relates to the management of food and food-related substances, new methods are currently under development
to assist in more accurate risk assessment. These include iz silico screening methods, toxicogenomic methods,
and i vivo alternative methods for carcinogenicity. Cancer risk assessment and management based on the non-

linear theory of the genotoxic carcinogenicity should be reconsidered, since there is new evidence in this area.

In addition, major efforts are necessary to train the specialists who will be involved in cancer risk assessment.

Food Safety: Cancer Prevention Measures SHOJI FUKUSHIMA, M.D.
Japan Bioassay Research Center

Japan Industrial Safety and Health Association

Member of Board of Trustees, ILSI Japan
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Table 1 Toxicity testing tools and their
application in risk assessment
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< from President of ILSI >

Dear colleagues and friends throughout ILSI Japan,

On behalf of ILSI and also personally, I congratulate you on 30 years of leadership within the scientific community.
ILSI Japan’s research programs have improved our basic understanding of many important issues, from the role
food components play in enhancing health and quality-of-life to how to ensure a safe food supply and healthy
environment. ILSI Japan’s ability to build partnerships to conduct research and translate science into community-
level results is something all of ILSI should strive to emulate.

It is fitting the celebration of ILSI Japan’s 30th Anniversary is being held in conjunction with the 6th International
Conference on Nutrition and Aging. ILSI Japan has led ILSI in recognizing the needs of the elderly, and over the
decades these conferences have brought attention to the importance and the complexity in maintaining health and
well-being late into life. ILSI Japan has also demonstrated innovation in adult health by applying the principles of
TAKE 10!® — short, sustainable periods of activity incorporated into the day’s routine — to work environments and
elderly care facilities.

One of ILSI Japan’s outstanding successes among many has been this ability to use research to build programs
that have real impact. In addition to the extension of TAKE 10! through ILSI Japan Center for Health Promotion
into new populations, I am thinking of Project SWAN and Project IDEA. In both of these, ILSI Japan has combined
nutrition research, food science, technology, and community outreach to create more than temporary solutions. You
have implemented sustainable systems for the delivery of potable water and essential micronutrients in culturally
relevant ways. Through your work, you have helped improved the lives of millions of people throughout Asia.

ILSI Japan’s commitment to science, technology, partnership, and philanthropy exemplifies ILSI’s mission to make
the world a better place. I am honored to serve as ILSI President during your 30th Anniversary, and I and the
entire ILSI family thank you for your ongoing contributions to the science, to public health, and to the success of
the ILSI organization.

Sincerely and with warm wishes,

Peter van Bladeren
President, International Life Sciences Institute
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< from Executive Director of ILSI/ILSI REF >

International Life 11586 Fifteenth Street, NW 1.202.658.0074 voice
Sciences Institute Suite 200 1.202.659.3859 fax
Washington, DC 20005 www.ilsi.org

September 20, 2011

Dear Dr. Kimura, ILSI Japan members, advisors and staff,

| am honored to join many others in sending best wishes to you on the occasion of the 3™
Anniversary of the founding of ILSI Japan. As the first branch of ILSI, you have often led the way
as ILSI has grown and expanded its geographic and scientific coverage.

Very special memories were created on my first visit to ILSI Japan as part of a planning exercise
for the first International Conference on Nutrition and Aging in 1990. | was a new member of
the ILSI Research Foundation staff and had never been to Japan before. With the help of Mr.
Fukutomi and Dr. Obara, such very special people, | had a wonderful experience. The
international conference was very successful and | am pleased to see that ILSI Japan has
continued the conference series, with the sixth one having recently been completed. You
should be rightfully proud of the knowledge base you have amassed on this important topic
over the past 20 years.

On this first trip, | was introduced the concept of functional foods, one that is now discussed
around the world. ILSI Japan was a leader within the ILSI family in building the science base
that underpins our understanding of functional foods today. The work you have funded
through the Endowed Chair of Functional Food Science and Nutrigenomics at Tokyo University
is certainly a model for other branches to follow. You have been willing to share your expertise
with other branches through the international functional foods meetings — the First
International Conference on East-West Perspectives on Functional Foods in Singapore, with ILSI
Southeast Asia Region; the functional foods meetings organized by ILSI Europe — and through
organizing research involving projects in Japan and other countries — such as the tea research
project.

From its earliest days, ILSI Japan was a key leader in 1LSI’s efforts to promote harmonization of
risk assessment science. The histopathology seminars, which brought together pathologists
and toxicologists from Japan, the US and Europe, is a hallmark for the value that harmonization
can bring to public health. Having agreement among pathologists and toxicologists around the
world on what was a precancerous tissue and what was not, led to strong advancements in the
understanding of carcinogenesis.

ILS! Japan continues to pursue harmonization with its neighbors through the ongoing BeSoTo
effort to harmonize food safety regulations across China, Korea and Japan. This effort will also
provide strong public health benefit by helping to focus resources on the most important
regulatory areas to ensure food safety.
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Another important area to recognize where ILSI Japan has been a leader within ILSI is the area
of education. By translating ILSI publications into Japanese, ILSI Japan has provided a
tremendous service to the whole organization as well as to the scientific community in Japan.
The Japanese versions of Nutrition Reviews and Present Knowledge in Nutrition, as well as
translations of many of ILSI Europe’s concise monographs have made the information
contained in these publications accessible to the scientific community in Japan. By helping to
share the knowledge complied by ILSI in other parts of the world, ILS| Japan continues to
support ILSI’s mission of providing science that improves public health and well being.

Happy 30" Anniversary to ILSI Japan! | have no doubt that you will accomplish even more in
the next 30 years.

Very best regards,

el linn

Suzanne S. Harris, Ph.D.
Executive Director
ILSI/ILSI Research Foundation
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< from ILSI Argentina >

Dear ILSI Japan Colleagues

It is a great pleasure to send our Congratulations and best wishes on your 30th Anniversary!

ILSI Japan is a reference branch within the ILSI Family due to its scientific work and experience. ILSI Argentina
has enjoyed working in collaboration with ILSI Japan in the area of compositional studies in tea varieties and it
was a privilege to have received the scientific support and advise in this project.

We wish you continued success and hope to be able to collaborate in the future again

Our best

Juan Carlos Léopez Musi
President
ILSIARGENTINA
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< from ILSI Europe >

ILSI Europe congratulates ILSI Japan with it’s 30th anniversary

One of the strengths of ILSI is its global scope. It is a pleasure to share the mission to improve public health by the
advancement of science with colleagues of different cultures all over the world. ILSI Japan is one of the oldest and
strongest ILSI branches and many ILSI Europe publications have been translated into Japanese.

Considering that the populations of Japan and Europe are fortunate to enjoy a food supply of a quality and quantity
that compares favourably with most other regions of the world, one might ask whether these countries still need
the attention of an organisation like ILSI. The answer is a clear YES. We still face considerable challenges. For
instance, the increasing sensitivity of analytical techniques will continue to result in the identification of low
concentrations of undesired substances in our food. These discoveries require considerable investment in risk
characterisation, including development of new risk assessment methods and strategies to reduce exposure. An
example from the area of nutrition is the interaction of diet with modern lifestyle. Having been selected for energy
efficiency during millions of years in an environment that combined an unstable food supply with strenuous
physical activity, our bodies are not very well adapted to life in industrialised societies where food is abundant and
physical exertion is no longer required for most people. The resulting rise in obesity and related non-communicable
diseases can only be reversed by a concerted and sustained effort by all stakeholders, including ILSI.

ILSI Japan and ILSI Europe have collaborated fruitfully in the past, most intensively on functional foods, in which
Japan can be proud of its pioneer role. On multiple occasions we have been honoured to host Japanese visitors, and
to discuss projects like the scientific substantiation of health claims on foods, micronutrient requirements, risk and
benefit assessment of chemicals in food, the threshold of toxicological concern, and many other topics. In a recent
visit to ILSI Japan, I was impressed by the kind hospitality of my Japanese colleagues, excellent organisation of the
event, and high quality of the science presented.

On behalf of the Board of Directors and staff of ILSI Europe, I would like to warmly congratulate ILSI Japan with
its 30th anniversary. We look forward to continue our collaboration in the future.

Dr. Nico van Belzen
Executive director
ILSI Europe
www.ilsl.eu
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< from ILSI Focal Point in China >
ILSI Focal Point in China

ﬁg iy ‘g‘ Room 9-03, 27 Nan Wei Road, Beijing 100050, China
o Tel, +86 10 8315 9165, 6317 0892 Fax +86 10 8315 9164

Focal Point
in China

23 October, 2011

Dear Yamaguchi-san

On behalf of the ILSI Focal Point in China, I would send our sincere congratulations
to the 30™ anniversary of ILSI Japan. We always regard ILSI Japan as our old brother,
not only because of the long history of ILSI Japan, but also more important because of
the outstanding achievements of ILSI Japan in the past 30 years. We would like to
learn from you and have much close collaboration with ILSI Japan.

T Chon

Junshi Chen
Director
ILSI Focal Point in China
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< from ILSI-India >

To: ILSI Japan Board of Trustees, Members and Staff

I am happy to know that ILSI Japan is celebrating its 30th Anniversary. ILSI Japan is one of the oldest Branch of
ILSI and has been a good resource for other ILSI branches. Its cooperation is highly valued by ILSI India.

ILSI Japan has devoted itself to improving public health through its activities including research projects on
nutrition and food safety. Its work on functional foods and nutrition and aging are particularly noteworthy.

On behalf of ILSI-India I have great pleasure in congratulating ILSI Japan on this important occasion and wish it
all success in its future endeavors.

Rekha Sinha
Executive Director
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< from ILSI Southeast Asia Reasion >

Congratulatory Message

ILS| SEA Region is proud to have enjoyed a long and fruitful collaborative
partnership with ILSI Japan. Since ILS| SEA Region was established in 1993, we
have worked with ILSI Japan on key areas including nutrition and aging, functional
foods, obesity and food safety. We have also partnered with ILSI Japan’s Center
for Health Promotion (ILSI Japan CHP) on the important micronutrient fortification
programs in several developing Southeast Asian countries.

As an active member of the ILSI Family, ILSI Japan has been supportive of
collaborations between ILSI’s many branches. Specifically, ILS! Japan has helped to
foster closer coordination and partnership among ILSI’s Asian branches, which
include ILSI SEA Region, ILSI Focal Point in China, ILSI Korea and ILSI India. Besides
supporting each other’s activities through participation and program support,
ILSI’s Asian branches also get together once a year at the ILSI Annual Meeting.

In the past 2 years, ILSI Japan has also initiated a program to address food security
issues in Southeast Asia, with collaboration from ILSI SEA Region, ILSI Focal Point
in China and ILSI Korea. ILS! Japan CHP is also partnering with ILS! SEA Region in
conducting a feasibility study for Project SWAN (Safe Water and Nutrition) in
Indonesia.

On this significant milestone and happy occasion of its 30™ Anniversary
celebration, ILSI SEA Region would like to extend our heartiest congratulations to
ILSI Japan for its many achievements. We look forward to further strengthening
the partnership between ILSI Japan and ILSI SEA Region, and we wish ILSI Japan
continued success for many more years to come!

ya -

Geoffry L Smith Boon Yee Yeong

/

President Executive Director
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MEEOEY

REETIFIAIVI— ) IR K DFENIEET

fasE BEF

BERERLEEEEE B, 2hi#ET3 ETRY
EEBEETH 5, WIE A BEEIEIL“Quality of life” (QOL)
DORLIZFEST 5, 235 HBATR6S FL EOER

FEHBAOD 0% IZETH L FREh TS, Lo,

HAIZH 3 “Anti-aging” BfZEid. FMiIC 80
A RBOBEEE L 5,
EWHBEEROY 27 ABETAHLOAR” L LT
HESREE L2 “Bettas” oKL zoary St
BT =TI & 5 7 HRKEE 7 DR R
EEL LT ARG AR LT E, BREEAERIC
AT 3EEMEC-Z 58D 3200k, HhAREEN

R E S > TEZDHRETHT 2 I L B’ATH B, 5

BEMOHRORRBIGRETHT 5 Z L3R E s WA
o, BELESXZhAEDEMIZEDL S IEHALT
WIANREDEER - 7202 2RI LD T, s
ETRLR TV, BENAR TIREREZREY, &
IR DN L CZORAH/FHL 2Tk
S5BVOT, #LW, MR REcEBEERICESD
ThhiZ, MHEES¥EZ L THRAEH<CEWVS “M
B BN RSOMROBEHRTH S, TR (Fu
ARITAT) BB BEIZE B,

ZOES B EREREEA, BELEPES=2-Y
FIIVRAT, H5BEMES AL FIHRNOENIEAL
(B2 IXHF) TR 2% L2 0ELE, BROBIETFR
ROEE» 5 REMICIRA. ZOMRE M - Bk - F
MLESLT38DTHB, ThidFatk. BeEn %
MO TITHT 3 PARIRAEZ N5,

BRSO RE DNAYL 207 L { ORBIERE
BT EROICLAEFHETRHATIZ L2 L. EER
B3 Z & A HMIZ, 2003412 HIC@ v Eh-Erk

¥ ILSI Japan F{i8ME [HEEHRRY / I 2] B
18] (54EM) %44, BEZOE2H GER) 0%
)% ILSI Japan DXBIZ X > TR L T 5,

& Session Tk, “Anti-aging D 7= DB RHE
T7 ZHERED 48, XBEZTEEOREMEMEL L
T, “IXTNERREDY ) I 2Tk 3EF &K
¥ BARBBED 2 KITKRERL TV F 0,

“Anti-aging” XX 5EEMNLZIMY MAEE—RT
T T3% Dr. Fu (China) # & U° Dr. Anderson (U.S.A.)
IR L Tazz2nz,

*HAARFRFR B E PR AEs BE8uR
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W7 VFIA IV EBEERRAT

RA4o07 VA1 ERERWVES v MVEGICEITS
SV T7 BB I F ADRETUEREDHER

INH HEFT

1. IU®IC

FFVLAALPOY 5L 7 BHY (Salacia reticulata,
Salacia oblonga %) DWFRPBILT —2NT = —-XDH
Rl E U CRICERROBRICAD TH 3 L{nkEh
TW3, ZhoiZiE, ¥5¥ /=L, 45 /-, %
YOI ) vEERBOLIEGNEEN. ZEEOS
BEWL, BRNEHETSHXSH 5,

AMRETE. MNECBI3 IV TEBERZF IO
28T 5729, 7y My IV TEBEBIF 2 %
#B5 L. /NEEROBETFREECORT 2T -7, &
BETFREBIFICEIDNAYA 2T LA G, 7Y
TR F 25 RE5- LTy FOHEG EEEBIL 7=,
¥ ¥V TRBEM X AR RE LT v b DGR
BT & . T-RFLP (Nagashima &) I T&bHETIT - 72,

ZOER. Y7V TBEM I F 2 ERE LTy D
INB ERIZ BT, ZRORERERET. Rzt
%5Z %Y Thl BEOBEFOREEMAER iz, %
os BYIVTBEMIF 22 BRE LTy P OBEAME
BIIEL., 2Nl T B3I EHHL,ITE -
720

EHEIZBNT, 7 V7 EMED T 2L, BERAE
BELEL T, A6FESER RO TRESRR S i,

2. Introduction

YV TEEl (I TVvF4FaT—F I Y
FATOYHE) TFRIE. FIV -, TET
J=Jb, RUTTVV., ATRVERDETEELD

BAREERTVWBZEBHSPIZESTWEE, 2K
SOREZRHRTHEN Y,

+I 7w oMt Eha sy -nkar s
J —=iE invitro DFEERIZEW T a- NIV X~ EOH)
XEHETHIERMONATEY . BAMKT v + DI
EEAAMETAHREEL TR I EHL2ICE-
T3 2,

a-TNhAYE—-ERFWENRTOE/NEEEYOH
BRPRERAOMD AL, RIEEELRISERIZE ST
FEHICHELRETHD., VI v TREML T ASEE
ERIFLTVWARLELZLNTOEBBEICLENT, 47
T BREYRARED XS kFEELTHED2EHSL
PIZERTOEND,

X5z, 47V TBEMTE 3. BIRREE PRIR
WETFTASY ZIIBWUERERETSEASS 5 L
BEHEhTHS Y, ¥V 7BEITF2ICEEhS
HFFY, vV T ) v EEORDE. VIEHERE
oz Tdmoh T3 Y, 0F,. 45V 7B
PCET AR LA LB it Eh T ™% L
L., BEZTOLI Y5 Y7 EEY T+ X ORERRA
RNEFELS DR B TOERBFICET 2 MRIERE
L., 47 V7R : AICE T3 ERE S B KIT
LCWBERICEALTERHELZ ETH 3,

FFE TR, BERSBEEOERSBMNTH D, T, &
MO L L SRR EBEERTEBIC BT 597V TR
WL B L BT 5720, 5 7B+ 2
579 M5 L, w4 2u7 LBtk 3 8ETRE
SAHIE L T-RFLP i X 3 lBAMEHZO 07 7 4
VYT EBIEST,

*E 17 4 L LBKREH R&D HHEAR EER - N R 7 TR
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3. Materials and Methods

() Y7 7EEMI X ABEROER

2V 7Y HTCEBELEY I Y TREEY (Salacia
reticulata) DB EBVOBF LR ELT. FyTRICL
7eo TAICHIRE XM, F o T EBUKIST 1 BRI
L7z o 75EAL TRELLR, BEZAHIL, 2
FL—-FZ4¥%—- ADL-310 (Yamato Science Co., Ltd.,
Tokyo, Japan) IZTTF 2 EMFLL. 4CTREL =,

(2) Animals

SRR, A1 6 HEO 2D Sprague Dawley® 7 v b
(SD % v +) (CLEA Japan, Inc., Shizuoka, Japan) ZEEA L.
L EFEDOBIEEHE %47 > 72, ATERMHIER 2312°C. MHxt
YRR 50 + 10%. WkEmI% 15 [ wER. ATHERH 1 H 12
RIS RRE U CHBE 1T - 72, ABREMIC AT & LTk
GHSRARBTR A DB CRF-1 (Oriental Yeast Co., Ltd,
Tokyo, Japan) % HEHEELXH, fRAKIZIZ. AKEFENEER
HEEA U 7KK E 7 4 L 4 — 358 (50 pm, 5 um) (AION
Co., Ltd., Osaka, Japan) #%. S/MERGH-IOBEHL =23
D& BERGK , ZNTE L BHEEE U 5F 1:8E%.
Ty EIVELZOEZ EOWIAT 2 ¥V TR
YL 2B & 80 mg/ml DIREE L 22 5 & 5 ICHS AN
7 (Otsuka Pharmaceutical Co,, Ltd., Tokyo, Japan) IZVERR L.
Y I U7 LF ZARERIZLUT 20 mg/kg 1245 XD IC&B
MEY Y FEROCTRIEOEARS U, /-, s
IS LT, BSEREEAKOARERS L=, 1H 10138
BREREG 2110, BEBRBOYVL 5. 16 BEOKE
EITORY PSLE R =T b Y Y AR T CERILE 1T -
Ttk BUMLIC & BREFEE S H 7, BHTCRERBOER
HERCREBSR 7o, v POERREHEHB L. &
Mita%FI@E L. ISOGEN (NIPPON GENE Co., Ltd., Tokyo,
Japan) HTREFL 2, oo KETFEH» SFEEFEL. F
7474 2T THMERFL

IR BRI 5 3RER L 2 %3, EDTA-2K %
PUBEREAI L UL 2%, ELENREET -7,

MARAEDEE 3. HIfERkE (WBC), Ak (RBC),
NEZUEVE HGB), N7 7Yy M (HCT), F
YRMERAR (MCV), FERkiERM&EXE MCH), F
YRMERIMEGRIRE (MCHC), vl (PLT), M8k
BR=E (Reti), v b v ¥ VEE (PT), HEEHS o
YRT I3 2F VR (APTT), REQ®RE (TP), 71

T IVEE (Ab), A/G, F) Y ETAF (TG), Bav
Z7u—L (T-CHO), REEXREE (BUN), 7L 7F
¥ (Cre), #NT o4 (Ca), WY~ (IP), AST iFHE
(AST), ALT % (ALT), CPK % (CPK), #B¥ UL Y
Y (T-BIL), 7 FU ¥4 (Na), #U s (K),#HE (C)
T»%, WBC, RBC, HGB, HCT, MCV, MCH, MCHC,
PLT, Reti icB§L Tid. #MAMBERERE XT-2000iV
(Sysmex Co., Ltd., Hyogo, Japan) ZHWTHIEL 7=, %
7=, PT, APTT B2 E#MAEALEERARERSE STA 2
»732 b+ (Roche Diagnostics K.K. Tokyo, Japan) % Fl
v, TP, ALB, A/G, Glu, TG, T-CHO, BUN, Cre, Ca, IP,
AST, ALT, GGT, ALP, CPK, T-Bil, Na, K, Cl {2 f1#4
(L EBAHEEE H 7070 (Hitachi Ltd, Tokyo, Japan)
IS THIEL 7=,

SHOKE, BHERE EHEERVHENER) 7
a4, MEECENRET - 2 ICELTRUTOREL
To%,

BN F RETESERE 21T, Student’s t-test
WCEDBEROBEREZEMHAL 72, HEIT. 10% hHEE
R ) VIR TRA, BEET, EOEEREERL,
NTEPFVY Y - 2FUURE HERE) L. &
PRSI X 3BRET -7z, — ARG, REESIZN
BRAER. WENSFORESRICOVWTE, BRERT
bhhoiz,

M. ETOEWERE, EL7 4V L20MEBRRES
DOFEE, AR/ TUT-7%,

(3 RNAHIHEB KU DNA 1 7/ O7 L 1 @i

REFEL TV 7 v b OEIGHE2» 5 ISOGEN O
P total RNA %l L 72%%1Z. Rneasy Mini Kit
(QIAGEN, Hilden, Germany) . total RNA D&%
ot ¥ 7Y 7TREMEMT* AR5 E XUCHEM» 5
ZNENEEIFEEISEOIEIC 4 EE %R, Z20H
JEHIRD total RNA 7> 5 ¢DNA A&, cRNA DERE
U . 1238 cRNA O Hfbik Affymetrix @ kit %
v, Affymetrix @72 b INIZR - TiTF o720 E 7.
RNADEDF v 7iZiX, Agilent 2100 /34 A7 F 5
4 ¥ (Agilent Technologies Japan, Ltd., Tokyo, Japan)
V. cRNA DRES+3TH B Z L 2R L 7= W
F{t L 7z ¢cRNA I Hybridization Oven 640 (Affymetrix
Inc., CA, USA) %FT GeneChip Rat Genome 230 2.0
Array (Affymetrix Inc., CA, USA) iZ 45°C T 16 B:RS/

ILSI No.108 (2012.1) — 28



30 BESE= LS| Japan B%
ERAFESEE (MR RS /SUX]
<EBETIVFIAIVIT—5 /I IXCLDRENIRIE>

47V &L XL, E. GeneChip® Fluidics Station 450
TV, GeneChip® Scanner 3000 TX ¥+ L, #=
FREEDOWUEETo7. B6N72T— % %R version
2.7.2 & Bioconductor version 2.2 {ZC Distribution Free
Weighted method (DFW ) TERULL %, “#HE
BUZE RankProduct 2E4T L. EREHHFEE X T 0 —
J4w b & LT, False Discovery Rate (FDR) <0.05 @
Fu—Tey bEHmLe ",

M L=To—-T¥y &, BEILOBBREEE L
TR 72812, Gene Ontlogy (Bingo 2.3 (cytoscape 2.6))
(http://www.cytoscape.org) & &% IZAEWFRIBEEICIE L

12,13)

THFEL 72 R

(4) BRBBEEMR (T-RFLP %)

T v PEREEBAOABAMEEBBNTIE TechnoSuruga
Laboratory Co., Ltd. (Shizuoka, Japan) {ZZ&FE L,
T-RFLP 4 (Nagashima ) &fV:7z " MTIB%
XD 5 DWET 7T % i T .

FREERNAEE GTCEEE (100mM Tris-HCI
[pH 9.0], 40mM Tris-EDTA [pHS8.0], 4M Guanidine
Thiocyanate) &L 72, BPICHRIML -EFEL2 O
A=ZFE-XICK 0B L (BIEEE 5 m/s. 547/,
FastPrep FP100A Instrument (MP Biomedicals, CA,
USA) . 100 ul DEREHR > 5 BB R (Precision
System Science , Chiba, Japan) % F\>C DNA Hiit %47 -
7z, BEIEMEEOREIL GC series Genomic DNA
whole blood (Precision System Science , Chiba, Japan)
#ERA LA, PCRICAWET 74 v —id. 516F OE#
FEENBICAVL ATV HEX 25 FAMIZER L
7z. PCR EMOREEUZIX, MultiScreen PCR 1 96 plate
(Millipore , Billerica, MA, USA) #{#iF U 7=,

7 754 v FEIX, ABI PRISM 3130x] genetic
analyzer (Applied Biosystems, CA, USA) TiT\, #&
v 7 b Y =713 Gene mapper (Applied Biosystems,
CA, USA) # iV iz, BB YA XAV T —F2—H—
{Zi&. MapMarkerR X-Rhodamine Labeled 50-1000bp
(BIOVENTURES, TN, USA) #fERHL %, REHEL -
2T BB 0TUICH T 5 -2 HBOLEL HWV.
By 2 5 2 & — 1 (pvclust BB EHWE) 170,
B# S8 — v OBEMEEB % 1T - 72,

4. Resuu

(1) E{LPIRERE

ol 37 7EBET 258 (20 mg/kg) LR
BHCBWT, 13 ERERGR G %ROMR BT 5HE (5412
+ 478 g vs 5782 £ 760 g). MEELENMRE (WBC,
RBC, HGB, HCT, MCV, MCH, MCHC, PL.T, Reti, TP, ALB,
A/G, Gly, TG, T-CHO, BUN, Cre, Ca, IP, AST, ALT, GGT,
ALP, CPK, T-Bil, Na, K, Cl) IZKkXLZERIZZBDOIE
otz FlAMRICHOT, BEIRHNIR, TEGE Bk
Fifi, DR, R, BEEE. OMR. BIRE. R R LA R
E piviR (B OERWEE LRk, HEE 10%H4
BRI VR CREEL, URERICAT RV Y
VXAV VEE HERE) L. HEEBSEICLD
BERE T o7

PLEDREBRDOMR, SHOREEM BN TiTEEL
Wrahs k5 LB shar ok,

@ w1707 L1 8EBi

FHARTIRS VW & 2R %R, TR ThOR» 5,
BRESFISEIE OB 4 B 62 BIRL, v{o7a7L4
BiTo. ZORER, av ba-LBEIHL, I VT
TREASHEMLZ237. @P L1110 Te—-TEy b E
it L7z,

@) HFHM L - BIEF

MBOBII &> THENBETFAY b TV —D
BRER T & A ) IRTF FRER, BHAKR
%, BEV-ULIZHT B RIE, antigen processing and
presentation of peptide or polysaccharide antigen via
MHC class i 2 BZF /B EN TS I LAH
Mok, REHIMBET2FMICRTHCE, %
BOGEEEBET 2 G0 ERMARERET &, WX
PRBNBEAD ZBIETFHZ L RBEML T2 (® 1),

PUEZE AT 5 MHC class TBEEDBET & LTHE.
Cathepsin E (Ctse) , RT1 class I , locus Ba (RT1-Ba) ,
HLA class II histocompatibility antigen, DM beta chain
precursor (MHCclass II antigen DMb, Hla-dmb) D FH
AERLTRS D,

7, EpE (BR) ICBEETABETE LT
tumor necrosis factor alpha (Tnf-a. Clusterin (Clu).

Chemokine (C-C motif) ligand 5 (Ccl5, Rantes), Adenosine
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peplid ﬁ nsport

oﬁgopept@transport

antigen processing and presentation of pepfidd or polysaccharide antigen via MHC class Ii

1 HJREINUE 237 OEGFOEH S, R Gene ontology category (P<0.001) %=

WU,

Figure 1 Significant gene ontology categories (P<0.001) were extracted from 237
genes showing increased expression.

deaminase (Ada). Apolipoprotein A-IV (Apoab). Chemokine
(C-X-C motif) receptor 4 (Cxerd). Apolipoprotein H
(Apoh). Membrane-spanning 4-domains, subfamilyA, member
1 (Ms4al). Dipeptidyl-peptidase 4 (Dpp4, Cd26). Protein
tyrosine phosphatase (Ptpre, Cd45). T cell receptor beta
locus (Terb) . Apoptotic peptidase activating factor 1 (Apafl)
BEHFEHL T,

avzFu-—i, 7 b YHEREHER TR 3-hydroxy-3-
methylglutaryl-Coenzyme A synthase 2 (Hmges2), B%%R
Tl Solute carrier family 15 (oligopeptide transporter),
member 1 (Slcbal) BFHEHEML T (FD)

@ BRED L ERIEF

WiZ, BB L 7-BEFiCiE, Urea ceycle, Lipid
metabolic process BEHETh T\, REV A 2L
¥ 0 B 15 T T Arginase, type I (Arg2). Ornithine
carbamoyltransferase (Otc). carbamoyl-phosphate synthase
1 (Cpsl). RREDOEXPUHICE$H 5 peroxiredoxin 6
(Prdx6) = Peroxisome proliferator-activated receptor

gamma (Ppar-y BZRBHFEH LT (X2) (FE2).

(5) B ERERT
BETRREBIFICEVT., 47 7B 2115

12 &0 G LR O RIZEEBE T REAEML Twi,
ZIZT, BB TRENERETORRIHEL G A
% L 2N B BEAMREBRTE bR TITo 72,

BRATICWE, BRI KIE T AR 5 BRERL - BEAH W
2o RIBICHEERNSELFELEFET S0, BEL
L THHNMIE OREE A EREICER T 2 & SRR S BT C
» % T-RFLP &4 AT, IBAMEROBRILEE %
BIhot, BHMERORKILOREE W, [R] T
2328 RO, RREEEER L. Bf 8-
DOFPENREIT - 72, TORBE. BEHOBNMHES
BHBBEOZhS LER e u T 74 ) VI ERL
7= (X 3),

Y7 ¥ T BT RS E R A R L 72
LA, HEHOBANMERIIMEI L IkESRLD,
R ORERE & W TR MR - DI L. #5
HTRBAMERO T 7 7 A LBRERLTH D, B
B LOBEENERIGES B, NINNTTH - 2ERM
HENY 7 7 BEWEBUIC I D ERLTL 32 48
Btk (H4).

Fh BPZE IR & BE5FIBWT, 77—
3% 2—-5FAM (Firmicutes, 74 L3I 2 F A, &
T LREHEMIERT) (OTU: 106, 110, 168, 332, 338, 369,
423, 494, 505, 517, 520, 650, 657, 749, 754, 919, 940,
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= 1
Table 1

HIEENISEGTF (P<0.001. Bingo ZHWT GO category i LTS
Genes showing increased expression (P<0.001, Gene ontology categories extracted using BiINGO)

[response to stress]

Gene name Definition UniGene ID
Tnf tumor necrosis factor Rn.2275
Aldob aldolase B Rn.98207
Clu clusterin Rn.1780
Atp6vig2 ATPase Rn.158467
IAbhd2 abhydrolase domain containing 2 Rn.136611
Sfn stratifin Rn.145079
RT1-Ba RT1 class Il, locus Ba Rn.25717
Ccl5 chemokine (C—-C motif) ligand 5, Rn.8019
Hia-dmb major histocompatibility complex Rn.5892
Ada adenosine deaminase Rn.12689
RT1-Aw2 RT1 class Ib, locus Aw2 Rn.40130
Apoad apolipoprotein A-1V Rn.15739
RatNP-3b rat neutrophil peptide—1 Rn.114810
Alb albumin Rn.202968
Cxcrd chemokine (C—X~C motif) receptor 4 Rn.44431
Gsn gelsolin Rn.103770
Apoh apolipoprotein H (beta—2-glycoprotein I) Rn.1824
Ms4al membrane—spanning 4-domains Rn.16385
Creb3I3 cAMP responsive element binding protein 3-like 3 Rn.20059
Cfd complement factor D (adipsin) Rn.16172
Dpp4 dipeptidyl-peptidase 4 (CD26) Rn.91364
Car3 carbonic anhydrase 3 Rn.1647
Ptprc protein tyrosine phosphatase Rn.90166
Bmp2 bone morphogenetic protein 2 Rn.90931
Si sucrase—isomaltase - |Rn.10057
Ephx2 Epoxide hydrolase2 Rn.54495
Terb T cell receptor beta locus Rn.34871
Adipog adiponectin, C1Q and collagen domain containing Rn.24299
Defa-rs1 defensin alpha—related sequence 1 Rn.122020
Cyp4f5 cytochrome P450 4F5 Rn.10171
IAbcc2 ATP-binding tte Rn.10265
Apafi apoptotic peptidase activating factor 1 Rn.64522
Prop prion protein Rn.3936
Tadsf4 transmembrane 4 L six family member 4 Rn.13425
[response to external stimulus)

Gene name Definition UniGene ID
Suox sulfite oxidase Rn.25720
Bmp2 bone morphogenetic protein 2 Rn.90931
Tnf tumor necrosis factor Rn.2275
Si sucrase—isomaltase Rn.10057
Clu clusterin Rn.1780
Aldob aldolase B Rn.98207
Ephx2 Epoxide hydrolase2 Rn.54495
Abhd2 abhydrolase domain containing 2 Rn.136611
Ccld chemokine (C-C motif) ligand 5, Rn.8019
Adipoq adiponectin, C1Q and collagen domain containing Rn.24299
Ada adenosine deaminase Rn.12689
Apoa4d apolipoprotein A-IV Rn.15739
Corola coronin Rn.6990
1Apoa i apolipoprotein A-1 Rn.10308
Cyp4fS cytochrome P450 4F5 Rn.10171
Hmges2 3-hydroxy—3-methylglutaryl-Coenzyme A synthase 2 Rn.29594
Gsn gelsolin Rn.103770
Alb albumin Rn.202968
Msdai membrane-spanning 4-domains Rn.16385
Apoh apolipoprotein H (beta—2—glycoprotein 1) Rn.1824
Cfd complement factor D (adipsin) Rn.16172
Tm4sf4 transmembrane 4 L six family member 4 Rn.13425
Smpd2 sphingomyelin phosphodiesterase 2 Rn.18572
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[defense response]

Gene name Definition UniGene ID
Ptpre protein tyrosine phosphatase Rn.90166
Bmp2 bone morphogenetic protein 2 Rn.90931
Tnf tumor necrosis factor Rn.2275
Ephx2 Epoxide hydrolase2 Rn.54495
Terb T cell receptor beta locus Rn.34871
RT1-Ba RT1 class II, locus Ba Rn.25717
Ccld chemokine (C—C motif) ligand 5, Rn.8019
Hla—dmb major histocompatibility complex Rn.5892
Defa—rsi defensin alpha—related sequence 1 Rn.122020
Ratnp—3b rat neutrophil peptide—1 Rn.114810
Apoad apolipoprotein A-1V Rn.15739
Cyp4f5 cytochrome P450 4F5 Rn.10171
Ms4al membrane—spanning 4-domains Rn.16385
Apafi apoptotic peptidase activating factor 1 Rn.64522
Cfd complement factor D (adipsin) |IRn.16172
[[response to nutrient levels)

Gene name Definition UniGene ID
lApoad apolipoprotein A-IV Rn.15739
Suox sulfite oxidase Rn.25720
Bmp2 bone morphogenetic protein 2 Rn.90931
Apoal apolipoprotein A-] . Rn.10308
Hmges2 3-hydroxy—3-methylglutaryl~Coenzyme A synthase Rn.29594
Gsn gelsolin Rn.103770
Alb albumin Rn.202968
Si sucrase—isomaltase Rn.10057
Aldob aldolase B Rn.98207
Adipog adiponectin, C1Q and collagen domain containing |Rn.24299
Ada adenosine deaminase Rn.12689
[oligopeptide transport]

Gene name Definition UniGene ID
Slc15al solute carrier family 15 (oligopeptide transporter) Rn.10500
RT1-Ba RT1 class II, locus Ba Rn.25717
Hla—dmb major histocompatibility complex Rn.5892
[response to extracellular stimulus)

Gene name Definition UniGene ID
Apoad apolipoprotein A-IV Rn.15739
Suox sulfite oxidase Rn.25720
Bmp2 bone morphogenetic protein 2 Rn.90931
Apoal apolipoprotein A-1 Rn.10308
Hmges?2 3~hydroxy—-3-methylgiutaryl-Coenzyme A synthase 2 Rn.29594
Gsn gelsolin Rn.103770
Alb albumin Rn.202968
Si sucrase—isomaltase Rn.10057
Aldob aldolase B Rn.98207
Adipog adiponectin, C1Q and collagen domain containing |Rn.24299
Ada adenosine deaminase |Rn.12689
[antigen processing and presentation of peptide or polysaccharide antigen via MHC class )
Gene name Definition UniGene ID
Ctse cathepsin E Rn.92738
RT1-Ba RT1 class II, locus Ba |Rn.25717
Hla—dmb major histocompatibility complex |Rn.5892

955, 990) OHEMBEFRIZEP L. NrTu4f 7R
(Bacteroidetes) (OTU: 366, 469, 853) DHGHERI
BILTWaZERHLPIZE-72 (K5), B Lo

Bhro, 50 7ERMEPIF 2AR5ICE ). REEEE
ETFOBETREZ T TEL. BAMERICLZ 1 E
ETCNBZENRHSRITE T2,
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< 1.00E-8

urea metabglic process

urey

K2 HBERDULL113OELTFOEHNS,. BES Gene ontology category (P<0.001) #
Ul
Figure 2 Significant gene ontology categories (P<0.001) were extracted from 113
genes showing decreased expression.

*& 2 FEEFAEEGF (P<0.001. Bingo ZBWT GO category i L)
Table 2 Genes showing decreased expression (P<0.001, Gene ontology
categories extracted using BiNGO)

[urea cycle]

Gene name Definition UniGene ID
Arg2 arginase Rn.11055
Otc ornithine carbamoyltransferase Rn.2391
Cpsl carbamoyl-phosphate synthase 1 Rn.53968
Turea matabolic process)

Gene name Definition UniGene ID
Arg2 arginase Rn.11055
Otc ornithine carbamoyltransferase Rn.2391
Cpsl carbamoyl-phosphate synthase 1 Rn.53968
[amide metabolic process]

Gene name Definition UniGene ID
Arg2 arginase Rn.11055
Ote ornithine carbamoyltransferase Rn.2391
Cpsl carbamoyl-phosphate synthase 1 Rn.53968
[lipid metabolic process)

Gene name IDefinition UniGene ID
Phipb |phospholipase B Rn.91079
Cubn cubilin (intrinsic factor-cobalamin receptor) Rn.3236
Hsd3b6 hydroxy—delta—5-steroid dehydrogenase, 3 beta— and steroid del§Rn.109394
Prdx6 peroxiredoxin 6 Rn.42
Pparg peroxisome proliferator—activated receptor gamma |Rn.23443
Hsd11b2 hydroxysteroid (11-beta) dehydrogenase 2 Rn.10186
Aldh1a7 aldehyde dehydrogenase family 1, subfamily A7 Rn.74044
Srdbal steroid—5-alpha-reductase Rn.4620
Comt catechol-O—-methyltransferase Rn.220
Pcca propionyl Coenzyme A carboxylase Rn.6033
Pckl phosphoenolpyruvate carboxykinase 1 Rn.104376
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oTU

3 E@% T-RFLP (Nagashima) RICTRIEL. BRAEEZEOEREZ OTU Cc&iZrUrfz. O Control.
Nl& Treated, * p < 0.05

Figure 3 Fecal specimens were analyzed by T-RFLP (Nagashima method) and presented as the intestinal
bacterial flora composition by OTU.

[(J:Control N:Treated *p<0.05

Height

Cluster dendrogram with AU/BP values (%)

au_bo
Edge #
<
o
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o
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° o° [ N 1
3 ©
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« @
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4 T-R-FLP (Nagashima) JECTREUCBENHEEOBRIEOERKXD., 95X —EZETV. RO
{Em#Z{Tolc. (au=Approximately Unbiased. bp=Bootstrap Probability)
Figure 4 Cluster analysis was performed on the intestinal bacterial flora composition data

determined by T-RFLP analysis (Nagashima method) to construct a phylogenetic tree.
(au=Approximately Unbiased. bp=Bootstrap Probability)
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Ho#E (%)

Firmicutes Bacteroidetes
[R9F7FAL4FRET7—ZEH2—F R (n=4)])
M5 SvhrEROBAMEEZZ 100%&EUEEE
D, NoFO4FAMET7—=F1—7T AP
DR EDOZE(LZR Uz, O Control, N&

Treated. * p < 0.05

Figure 5 Proportions of Bacteroidetes and
Firmicutes relative to the entire
intestinal flora population in the
fecesia extract administration.
[1: Control N:Treated *p<0.05

5. Discussion

7 T BEMINERY 5 £ DBEEEIE O Z L85
nTW=2, BEIZHT 59 7 & 7B o4 A % 17
35728, ERET -7 TOER, HEEERIZHD
TEL DBIEFORBANELL. BETEH 7> 7B
REREEETBZLRHE I, ZOHTE, &
BEHEOBRTFREARENIT. AMEICX WD TREA
7280THD. TOMEMASERICEETH 72720, Th
Ly 5 o7 omiEiaelcFH L TERE2175,

BIZTFRABHOER» B oN-RE LR L -8(E
FAEFHHICRET LT &, BYREER s, L5
BIZBH 5 BIZF. i< Thl MiEEEBETHAEL &%
S RTWBZ LRG0tz BEENICIE. TULE-LE
25|27 Igk DEEFIIRIT 3 b T\ 5 Pipre
(Caa5)"” ., MIBMEGIHIZF 595 Thl MFBERIZ T
Cd26 Dppd)"” . BALERA Y ILTVFEGE D4
MR ERBEAROEAZBVIED, 7 UL F - e
A 1gG2a . MHC class IBEOBEF TH %, R
BRMU28EF 2T Kok 3 2EH Thl #if
FITEE TOBOTRAEVS EHRILE P (% 6),

7=, g BABMT-BETIE. 5 v 7B
F 2 ITIXBNOBRENS 7 VT2 7 2D X2 3RS
bBIEHBHLIITE-TNE, DD, 47 7 BN
TFABEUK D, BAT vV E=T RS L. NEERD
REY 4 7 WEREBETREORS (Cpsl, Arg2, Ote) %
R kBTG

HAERUZORGS, BERRIIE{EbI eI
AR B OB T, BHAEIT/37 /37 Th - =R
WHBO/NE — 35 ¥ 7 BT+ 252Xk &1L
L. G- T< 3B ok, 473 7TREWI+ X
BEIZEDFEOHESBEML 7232 Fu{ F i3, RGBT
EEAPEH SR TOBETH D, fEkD o RIERIEER
PEMEhTELABE XD 38O REMEEA TR L. IgA
REGHEICED B Y4 M h 4 Y ORERAMNE ST
LEBHE A ESTYS Y, SEOEBRICENT, BiC
HEBMABRR SN2 F a4 752D OTU (operational
taxonomic unit) 232 2H 74 (OTU: 366, 469), 7 v—
=V B W EERSD SR AR LR, 2
D 2 DI REIREIROBE VI Fu{ FADVE
DC& % Bacteroides acidofaciens H& £ T B ATREMEASE
VW, F N FuA FAOMBEEICEET S LPS 8K
SERERIRATRE RTINS

PEnZlers, 47y 7EMEMTF 2%, BAMHESE
LR S 2, B U BNMERES. /ME TEORER
BRIZBE»PT B ZEBRB E Nz, FHRICHOT, B
R GHBBEDBIZ T E S BB L kR, Zhidk
HFR O X 1 & EE§ 5 BEFTH 0. SBREET-TC
WE 2N,

F7=, SEREHCHGVZS v Mk MZBOWTARICH
AT 7 4 IAEBFHEL ED 572720, —HRIZZ 08
Rib MCEEMRASZ LRl LaL, kb
BOTHHAMEREOZAE L T, FESsc@» iy
LA FCE L BN B,

Y5 7BEMIT7 — 2T — F B W TREFER X
NTE BT OBERIZEEL Tk, KZAREEBTNLL,
Lar U, SIS 207 - 72 B8 0% 458 U 7= At i,

S UTBEMIF ABRETEE VDR THEERDE

RICEEBLE5253DTHBZ L6, Y73 7EEDT
F 2 DOBBED—EEHS M- L EREEL TV 5,
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RT1-Bb. RT1-BA.
RT1-AW, HLA-DMB

DPP4(CD26),
CXCR4,
CFD, TCRB.
CEACAMI etc,

REMERET
IFNSSSEFFITY), CFD,
ALPL, PDLIMZ, SLPI,
CGL5(RANTES), TNFa,

CXCL14, CD53, NF« B,
{IgEﬁB%{” CDA48, VCAMI

PTPRC
(CD45)

TCRB —

macrophage

JRITAS -
ADA,
NT5E :6»
W
\?s ADA

A

HLA-
DMB MS4AI,MS4A7.MSié10 lG A
(FSRME~DAE) >j
B!JT7\Bk
CXCR4,

T cell

APAFT,  PiRb— R
GZMB

#5E: APOA4. CLU, ANXAL

M6 BEFRENENUCEGFEHSHERIUE Th MBS ZNICEET HER (RFIE Table [CEECELRT. &

=% Bingo [CRDEAEENMEICFEDNED ofeh. RIBEINUTZ 237 [CEENSELT)

Figure 6 Possible mechanism of action speculated from the genes identified as showing increased
expressions in the vicinity of Th1 celles (genes listed in Table 1 are shown in red, genes
identified among the 237 genes showing increased expression but not used in the
functional categorization by BiNGO are presented in black).
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Figure 3 Change in tyrosine-phosphorylation
of insulin receptor B subunit (IRA)
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pathway BIMUB(ZE ¥ (RBMINEE 7 14 . BEED
BIEF 19M) B BTh Tk, Fic, BEEME
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Figure 5 Hypothesis about IRAB activation in
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£ 1 HEREHEERUEIODADRHBICEETDY—H—DEL®
Table 1 Metabolic parameters of mice given the experimental
beverages®
Cont B
beverage or water intake (g/day) 6.59 * 0.53 6.45 + 0.40
initial body weight® (g) 10.56 £ 0.28 10.21 £ 0.18
halfway body weight® (g) 18.11 £ 0.21 17.25 £ 0.26
final body weightd (g) 20.23 + 0.1 17.00 £ 0.42"
relative liver weight (g/100g of BW) 4.75 £ 0.05 4.25 £ 0.09"
blood glucose (mg/dL) 124.0 £ 9.1 93.8 £ 9.6
plasma insulin (ng/mL) 0.40% 0.22 0.39 *+ 0.20
plasma lipids
total cholesterol (mg/dL) 110.6 + 4.0 1199 £ 6.7
triglyceride (mg/dL) 163.7 £ 9.4 161.5 £ 10.4
HDL-cholesterol (mg/dL) 585+ 24 67.8 £ 21
plasma adiponectin (mg/mL) 339 1.2 355+ 2.7

S EIFF HEERETRUE(N=6), * BXRU* FTI> bO—ILE (Cont) LB UL T.ZNZENP <0.05,
P <001 THEEELDDZLERUE (Dunnett DSELERT).

® AERBALISDGE, ° HERNE 3 BEEOKE.

 HERRINAE 6 BB DKE.

*Values are means + SEM, n=6. * and ** indicate differences from the Contro! group at P
<0.05 and P <0.01by Dunnett's multiple comparison test.

®Initial body weight was measured before starting dietary protocols.

“Halfway body weight was measured after administering the experimental beverages for 3
weeks.

9Final body weight was measured administering the experimental beverages for 6 weeks.

®2 Y MNMERCREDEECEMNUE 687 MELTFD GO (Gene Ontology) (CKkB#RERIHT IU— (P
< 0.05) '
Table 2 Significantly enriched GO terms found in 687 Up-regulated genes by tomato beverage
ingestion (P< 0.05)

GO-ID GO term No. of genes FDR-corrected P-value
0006457  F-omTmmoTTTmoeos protein folding 27 7.02E-06
0006091 E" generation of precursor metabolites and energy 41 2.16E-04
0006629 E" lipid metabolic process 43 1.11E-03
0044255 i L. cellular lipid metabolic process 38 2.43E-03
0006638 | b~ neytral lipid metabolic process 9 1.15E-03
0046486 i ‘- glylcerolipid metabolic process 9 1.16E-03
0006639 i pomsmooo-- = acyiglyceroi metaboiic process 9 1.15E-03
0006641 é i L triacylglycerol metabolic process 8 1.12E-03
0006662 :f' glycerol ether metabolic process 9 1.15E-03
0006082 E" organic acid metabolic process 38 1.73E-03
0019752 E - carboxylic acid metabolic process 37 1.20E-03
0032787 i L. monocarboxylic acid metabolic process 22 2.70E-03
0051789 §" response to protein stimulus 13 1.39E-03
0006986 E L. response to unfolded protein 13 1.39E-03
0006066 ‘- cellular alcohol metabolic process 23 2.11E-02
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K3 M HNEERTRESERICHD U 841 OBEIGTFD GO (Gene Ontology) {c&£D#EERIHT IU— (P
< 0.05)
Table 3 Significantly enriched GO terms found in 841 Down-regulatedgenes by tomato
beverage ingestion (P< 0.05)

GO-ID GO term No. of genes FDR-corrected P-value
0006629 I~ lipid metabolic process 72 5.84E-11
0008610 i Er' lipid biosynthetic process 38 1.76E-08
0006694 i i - “"r- steroid biosynthetic process 24 4.54E-11
0016126 E E E ;:: sterol biosynthetic process 15 8.58E-09
0006695 i § § : i“ cholesterol biosynthetic process 12 8.36E-07
0008203 | | { £~ cholesterol metabolic process 19 2.61E-07
0016125 i i tmesooe-e 1L =-sterol metabolic process 23 5.01E-10
0008202 | i} = steroid metabolic process 33 4.86E-11
0044255 i ";' cellular lipid metabolic process 67 2.64E-11
0006066 i" celiular alcohol metabolic process 40 3.11E-08
0006082 ;" organic acid metabolic process 52 2.31E-06
0019752 E b carboxylic acid metabolic process 52 2.35E-06
0032787 i b monocarboxylic acid metabolic process 32 2.49E-06
0006631 | - fatty acid metabolic process 23 3.59E-04
0051186 L cofactor metabolic process 25 4.35E-03
0006732 E- coenzyme metabolic process 22 4.51E-03

F&4 bV MEERURE Balb/c TORBOERHICEEYT 3 DNA YA 207 LA F—4
Table 4 DNA microarray data on glucose metabolism-related genes induced by tomato
beverage ingestion in liver of Balb/cmice

gene- false discovery ,
gene name symbol expression ratea accession no.p

Glycogenesis

glucokinase . Gek upP < 0.0001 NM_010292

glywn synthase 2 Gys2 UP 0.00015 NM_145572
Glycolysis

dihydrolipoamide s-acetyltransferase Diat DOWN 0.00074 AV336908

(e2 component of pyruvate dehydrogenase complex)

pyruvate kinase liver and red blood cell PKir DOWN 0.00133 Nm’_"&"fg b
Gluconeogenesis

phosphoenolpyruvate carboxykinase 1, cytosolic Pck1 upP 0.00017 NM_011044

fructose bisphosphatase 1 Fbp1 UP 0.03393 NM_019395

® Oy hO—JLEEE MY NEREERICO false discovery rate (FDR), 8 Tld. FDR < 0.05 THEYRMICHESHENS D& Ul
®GenBank ID

®False discoverry rate (FDR) between the control group and the tomato beverage group. In this experiment, genes at FDR <
0.05 were defined as showing biologically significant changes in expression levels. ®"GenBankiD.
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&5 ;Y EERUR Balb/c YOAFEOEEERHICEETS DNAXY/-O7 VA TF—5
Table 5 DNA microarray data on lipid metabolism-related genes induced by tomato beverage
ingestion in liver of Balb/cmice

gene- false discovery .
gene name symbol expression atd accession né.
Fatty acid synthesis
elovl family member 5, elongation of long chain fatty acids Elov/i5 DOWN < 0.0001 NM_134255
elovl family member 6, elongation of long chain fatty acids Elovi6 DOWN < 0.0001 NM_130450
fatty acid synthase Fasn DOWN < 0.0001 NM_007988
stearoyl-coenzyme a desaturase 1 Scd1 DOWN < 0.0001 NM_009127
malic enzyme, supernatant Me1 DOWN 0.00135 NM_008615
sterol regulatory element binding factor 1 Srebft DOWN 0.00276 NM_011480
atp citrate lyase Acly DOWN 0.00342 NM_134037
acetyl-coenzyme a carboxylase alpha Acaca DOWN 0.00888 NM_133360
Fatty acid degradation '
cytochrome P450, family 4, subfamily a, polypeptide 14 Cyp4a14 upP 0.00037 NM_007822
camitine palmitoyltransferase 1a, liver ' Cptta uUpP 0.00053 NM_013495
NM_001033600,
acyl-coa synthetase long-chain family member 4 Acsl4 upP 0.00512 NM_019477,
NM_207625
cytochrome p450, family 4, subfamily a, polypeptide 10 Cyp4a10 uUpP 0.00512 NM_010011
acyl-coenzyme a dehydrogenase family, member 9 Acad9 DOWN 0.00043 NM_172678
e";ﬁ';‘;‘:g;‘;;’;leca;e:"z‘ilﬁfzeéehy drogenase Ehhadh DOWN 0.00218 NM_023737
acyl-coenzyme A oxidase 2, branched chain Acox2 DOWN 0.00328 NM_ 053115
Cholesterol synthesis
3-hydroxy-3-methylglutaryl-coenzyme a reductase Hmgcr upP 0.00418 NM_008255,
7-dehydrocholesterol reductase Dher7 DOWN < 0.0001 NM_007856
3-hydroxy-3-methylglutaryl-coenzyme a synthase 1 Hmgcs1 DOWN < 0.0001 NM_145942
isopentenyl-diphosphate delta isomerase Iait DOWN <0.0001 ';\‘l';\"ﬂ:r_‘,s?z%%
nad(p) dependent steroid dehydrogenase-like Nsdh! DOWN < 0.0001 NM_010941
st:l:rlr;z‘lsc;;e(:?g:':sv?s(af:;gal erg3, delta-5-desaturase) Scsd DOWN < 0.0001 NM_172769
sterol-c4-methyl oxidase-like Sc4mol DOWN < 0.0001 AK005441
phosphomevalonate kinase Pmvk DOWN 0.00016 NM_026784
cytochrome p450, family 51 Cyp51 DOWN 0.00071 NM_020010

Cholesterol catabolism (bile acid biosynthesis)

hydroxy-delta-5-steroid dehydrogenase, NM_001040684,

3 beta- and steroid delta-isomerase 7 Hsd3b7 DOWN <0.0001 NM_133943
lysosomal acid lipase 1 Lipa DOWN 0.00021 Al596237
retinol dehydrogenase 11 Rdh11 DOWN 0.00058 NM_021557
sterol o-acyltransferase 2 Soat2 DOWN 0.00325 NM_146064
hydroxysteroid (17-beta) dehydrogenase 12 Hsd17b12 DOWN 0.00348 NM_019657
cytochrome p450, family 7, subfamily b, polypeptide 1 Cyp7b1 DOWN 0.00153 NM_007825

2 Oy hO—)LEEE MR MBEBHRI O false discovery rate (FDR). £HETlE. FDR < 0.05 TEYENICESEENDS L U,
®GenBank ID

®False discovery rate (FDR) between the control group and the tomato beverage group. In this experiment, genes at FDR <
0.05 were defined as showing biologically significant changes in expression levels. "GenBank ID.
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RERBRLE 3 ERBTOY Y ADKEITHEB THREIIHE
BEhLD-EDD, 6 BERICENTIE. TBHOD
FREIX Cont LR L CERIVEEA2RLE, 51
TB#HOMHEMFEELHRIVET LA, DA 2
VRTTFARRX I F VBEREHTEIRR Ik, 5
7o

TB #HUC L 3 E 2 IZFOELV AL TRIET S
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FESZ M ZTh OO FHEITE N 4 ILERIRL~ 1 &
U7 VA GHiEERL 2, £ 32BETERHWERE
53RN E TR A, ContFEL TBHET
EEIZGhhs 728 —BERENE (F- 2R
e TOT &, BETARMA (43,000 ) OREOLER
20T b b OBEERZOIX S D2 D EOREE
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2T RICRBEOZNNEHETH - - BIETFORK %
fTlrot, BBARR TR, HETORBETORRLY
ANOWEIZ FDR (False Discovery Rate) 43 0.05 LIF
OB EBETRBEVANMCERS D & Lz, BIFOR
R, TB #3687 MOBIZT A RBEM (up-regulation)
ERL. 841 BOBETHEHRES (down-regulation) %
AUz,

BIETOBHE, RIS Y 7 +TH % DAVID 2w,

ZNTNOFCREANEN L 7=BIETH % Gene Ontology

(GO) wHEIzHEENH 7 T —IZABI L7, TBHTEIE
FRFEZICRBEWMLU =07 T) —%5FK 211, RESE
SLEITFTY—-%2FKI IR Lz, RUT. Fv bOE
UL RREORBICEHE T 3 BIEFOHTTY —ICE
BEEZ T\, X612, TBERUZKOVELLhE
RHFERIZ. ZhoORBICHEL T S WREESE X
bhi, FZTHEERMCEET SBET ML
LB 2T o 7,

BRBEHCEE T 58 FOP T, TBEAUZ LY RHR
DEFICEM LS DEE4ITTRL L, TB OBEUL,
FRBEICEET 5 6 DOBIZFRBUHKELE A, 7Y
-7 VERICEETIBETFR 2ERR S hVThY
REIBIIL Tz, 2, BERICEETS 2EOR
FEFRREERD. BEHEICOVTR 2EOBIETORE
BMmAHR I, BEoz e kb, b= FOEIUIRE

HREHE LMBNAND S ) 2 -7 Y OERE kDR
XpBZLARBEhE (K1),

FeBE RSB 538ZT Tid. FRIRARIC B S
% 8EOBIETFIE. RUTERALRD L T, B
ARZBELUTRAROBATORE,NEML /228, 38
OBETTRREEEIES L, 2V AFu - LA TIL.
BEREETH 5 HMG-CoA YV ¥ 2 —¥ (Hmger) D3
BLIMIL 7228, i) S EOBIEZFORBRITIHS L
VAT a—oR, BHRESRIZEET 5 6 D&
FEFORRITRTHEPLE (F#5). DEOBRLY.
b b OBEU, ERFBRARERE L. IEHBRERILO b
BEFETERAT S Z e vn Eh (X1),

1 MY MNERICEEERFTEIDARBOED LU
REE R DR
Figure 1T Summarized pathways of probable
glucose and lipid metabolism in
mouse liver affected by the ingestion
of tomato beverage.

Gek T
Glycogen Szl Glucose Fatty acid
Cptta T
/}:::; H \Pk”' s,iisf'; i Al 1
Oxaloacetate~— Pyruvate—— Acetyl-CoA «—— Acyl-CoA
X y Diat§ ty Cyp4a1DE yl-Co
Hmger T Acad9
Enhadh §
1 :Up-Regulated Hmges14 e
§ :Down-Regulated Cholesterol

DEDODNAVA a7V @iNcky, < O
HUZSREBPs (sterol regulatory element-binding
proteins; AF R —LHAMTL AV &4 VISV E)
ZPHEIL, PPARs (peroxisome proliferator-activated
receptors ; “LA F ¥V — AWBEAEEL R EE) %
EHELCWBZ R E iz, SREBPsidaL %
7 u - LSRR, BIRSREROHEER, »50id
LDLEDAA %S5 LDL SFGDOBETREALE %
AML, BE. 3 ¥ - AFNICHET 5585
HFTHhHb, £/, PPARs iBHNZEERO—FETHD.
RIALAR, FeE. & v/ 32 BEOMBaRRHE & fifan s
LICEBICES LTV BEERTH TS 5. FRIOER
HRTIE, b2 OEEUL Srebfl ° SREBP-1c Bi#L#
EFORRENMFILTHD., ZDOZ LXK SREBP-1c
BHHEN TR I LEBRTRTZEDTH S, &5
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C.PPAR« OBIETRBEZHEME T 2@"m
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WP X ¢ 5 EFERIRE Sh T3 9,

W, T LAEEDOLHNOEERICTT B08
BEoTHY. BEHERPERIBENOERRSHRF S I
T3, L Lads, £HEe DETAESNICEE
THEBIXEHTH D 1~ in vivo 121 BFXIRAD
e BBICTHME L -TRBRO A TS, 22T
WETIEIRIBAOEEIINT 2EAEZHET ST
LEHME L, DENSENESA L 2L LT 2R
WHELAZEBEZA IV AEFLT » FAHEAL. XKD
AR S 7z 5§ MERMRBR P BETFRRAT 7741
DEIZDVTERL ),

2. EFERSRAOMERES. €M DEE
FREAIO7 71 IVICEZ 51EH

Wistar % 7 v b (80, B 16 % LI T 0 48 GRHEEEE
HERRIEER - A PV AARRICEL, APV IEE; R
LU ZBEROAR, X P U ARETRRE XSRS -
A FUVAERIZH D, EXEIRE  FXERSRTROA)
2 2. A bV ARETBREE ST 2 BRI,
ESIRREICEZ P L 2 ER & LIS, 20 pL D (R)-(—)-
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. (RH—Hinalool

gmass 1:5

Class 2: 0

Class 3:8

@

Class 4: 30

lormalized intensity (log scale)

o o
[+2

Class 5:64

N
o oo
W h O

Class 6:2

Number of
probe sets

=+ Stress =+ Aroma 2 h-restraint
+

control <N  h-restraint
(R)-(-)-linaloo! inhalation

1T ARVARICBEIBRATIE S v hOEXR &
R)-(—)- UFrO—JVIRAICKD A MU AFEE M
ZEHMIHEISNE 109 7O—J =Y hO2M
FECTFRIEZE, SREF1—F—REICK
b, ARA VAL R)-(-)-UFrO—JUICKD
BERFZEE (p <0.05) HRHoEN=TO—
Tty FOBEREREZ(LERT .

Figure 1 llistration of the experimental setup and
variation of the 109 gene expression
profiles for which the stress-induced
changes were repressed by (R)-(-)-
linalool in their whole blood. Each line
plot shows two-hour-restraint and/or
(A)-(-)-linalool-induced changes. The
109 gene expression values passed
the filtering criteria of both p < 0.05 by
Tukey's post hoc test.

BFEE I EBRR I N9, RIS ke
BIETREAGEEREFORENTEL T,
BERBAZL S Zh o OBRFREEDOTUEIZIEHR R
FUATD(R)A(—)- VT2 —NBRATIEREh Y, X
FUZAEBETTELTWB Z ERRBE NI,

APV AEHEORBETFHICEHRTSL. (R-(—)-Y
FE—NIBAIZ L > TEHUBETEIT 104 BTH Y.
ID3B 7 Tu—-Txy bDOYTFIUER R)-(—)-V
Fu—IRAICLD R b L RAREES & EHEREBIZES ]
&I BRBEEHERL T, —F. BhD 27 Tu—-7
Yy M, B g v 28088 (HspalL, Hspbl,
Hsphl, Dnajpl). CCAAT/ TNV H—EEX VISUE
(Cebpb. Cebpd), HitHHHEIET (Fos) BE., X bV ZRiC
NUTERLERRE 5 ERZ TR R-TLEA
SR LBETFHAZEEETh T, BT
PUZADE|ERE I THIRFEEAIRIL 55 OVWEZX LR
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FDR-corrected

GO-ID GO term Gounts
p—value
0065007 ;- biological regulation 137 8.42E-03
0050789 - regulation of biological process 126 8.85E-03
0019222 ’ ----- regulation of metabolic process 75 1.08E-02
0050794 b regulation of cellular process 113 8.16E-03
0031323 Lo regulation of cellular metabolic process 68 2.93E-02
0019219 fonee regulatipn of nucleob‘ase, .nucleoside., 63 2 53E-02
nucleotide and nucleic acid metabolic process
0045449 b regulation of transcription 1.77E-02
0006350 ....................... transcription 1 '96 2
0010468 — regulation of gene expression 1.03E-02
0010467  eemeuemmsnsnsnunen gene expression 2.44E-02
0006139 grasmameessnass nucleobgse? nucleoside, nucleotide and nucleic acid 9.64E-03
metabolic process
0016070 —— RNA metabolic process E-02
0009987 i cellular process
0030030 i - cell projection organization and biogenesis 02
0048858 i cell projection morphogenesis E-02
0032990 — cell part morphogenesis 2.43E-02
0048869 : ‘i cellular developmental process 4.98E-02
0030154 : i cell differentiation - 4.98
0031175 i - neurite development 3 1
0048666 - neuron development 2.49E-02
0030182 ‘ e nayron differentiation 2.44E-02
0048699 ' = generation of neurons 2.57E-02
0022008 s N@UFOEENESIS _ 25 3.40E-02
0007399 e nervous system development 39 3.32E-02

®2 2REEHsRA ~UAT R)-(—)- UFO—)UIRAICKDHEIRFHE UIRIRER MR 594 7O—Jtw MZBWT
AEEDRDHSN GO terms EFNSDMEERR. Counts 3% GO term (CEFENSTO—-T 2w b
Y. BROFRVBEBICHAEUcATIU—D FDR ik p L counts ZRB TR,

Figure 2 Significantly enriched GO terms found in 594 upregulated genes following (A)-(-)-linalool
inhalation under stressed conditions (p < 0.05). Counts represent the number of probe
sets annotated to each gene ontology (GO) term. FDR-corrected p-values and counts of the
categories appearing in the deepest hierarchy are shadowed.

FEWOBS 3 v 7 4 V8 BEERETHOREIUE
PERETH -7,

HE-T. FEZX PV AHD (R)-(—)- Y Fa—LIFAL
R TEIZ 3o\ TRSEHIIED AL P RGBT £ B L
5 BBETRORREATEL., FHMER b L 2AE]
X TR A IR S s REIC T B L E i oh
77

4. BEIEDPRAICELESD X ML XESHDR

KR TRED 8725 TEBOLENEHO—mEH

5T 5720, HERRABAILEK S X+ LV ZHBIER
AEBIICENT28A L LT, 2EEOEMARX b
VAHIZ, (R)-(—)-VFu—NERALZET v b OIMEk
MR P BB FRE T 07 7 A LB 21T > 7
(R)~(—)-VFo—VIRARRICZ P L AEREG T TE
HIBECHEREEH L5 ZRI U, PP Y Vo 3kEl
A, MFOBEFREARICEAL T, WAL RIZES
MELARTAZ AR U, 2, hEMRRICE
WTHHEPICBIZTREICEEBLE L, BEHAMRYH
BRI LICBEE L - BIEFHOREEITTEL, X b
VABEESETRHORRELELEES L2 REL
7zo BZ SHEMRERICEH Ch TS EIRTBAN R
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FURBEOHRRE LT BB T 3 RR TIMOBE TR
BICHEBRRIFLZZEEBHSLTHY, R P LGS
Izt 2fER%E DNAYA 7 ur L4 BTk el
AFRHIR, EXRTOERICKIETTEAEZE@T5 L
TE#EFRLEBLIONS, £/, BENIZHOISE
DOERIZZHRTH BB, Tho EREENICEMTS 2
ERELLS, Witk 2R ETHIBE. ZOFMESE
BRBICHRE NS, 25 L=k, MksBINgeL
R TEIRTIC L IHBAHRTELI 2L, b
FRABRICE T 2ERKT O L VIME A RIIKRELFS
THLDLHFENS,

<LEIE>

1) Re L, Barocci S, Sonnino S, Mencarelli A, Vivani
C, Paolucci G, Scarpantonio A, Rinaldi L, Mosca E:
Linalool modifies the nicotinic receptor-ion channel
kinetics at the mouse neuromuscular junction.
Pharmacol Res 42: 177-182, 2000

2) Elisabetsky E, Marschner J, Souza DO: Effects of
Linalool on glutamatergic system in the rat cerebral
cortex. Neurochem Res 20: 461 - 465, 1995

3) Shen J, Niijima A, Tanida M, Horii Y, Maeda
K, Nagai K: Olfactory stimulation with scent of
lavender oil affects autonomic nerves, lipolysis and
appetite in rats. Neurosci Lett 383: 188-193, 2005

4) Héferl M, Krist S, Buchbauer G: Chirality influences
the effects of linalool on physiological parameters of
stress. Planta Med 72: 1188-1192, 2006

5) Kuroda K, Inoue N, Ito Y, Kubota K, Sugimoto A,
Kakuda T, Fushiki T: Sedative effects of the jasmine
tea odor and (R)-(-)-linalool, one of its major odor
components, on autonomic nerve activity and mood
states. Eur J Appl Physiol 95: 107 - 114, 2005

6) Tanida M, Niijima A, Shen J, Nakamura T, Nagai
K: Olfactory stimulation with scent of lavender oil
affects autonomic neurotransmission and blood
pressure in rats. Neurosci Lett 398: 155-160, 2006

7) Nakamura A, Fujiwara S, Matsumoto I, Abe K:
Stress repression in restrained rats by (R)-(-)-

linalool inhalation and gene expression profiling of

their whole blood cells. J Agric Food Chem 57: 5480 -
5485, 2009

8) Sawchenko PE, Li HY: Ericsson, A. Circuits and
mechanisms governing hypothalamic responses to
stress: a tale of two paradigms. Prog Brain Res 122:
61-178, 2000

9) Nakamura A, Fujiwara S, Ishijima T, Okada S,
Nakai Y, Matsumoto I, Misaka T, Abe K: Neuron
differentiation-related genes are up-regulated in the
hypothalamus of odorant-inhaling rats subjected to
acute restraint stress. [ Agric Food Chem 58: 7922 -
7929, 2010

10) Lanneau D, de Thonel A, Maurel S, Didelot C,
Garrido C: Apoptosis versus cell differentiation: role
of heat shock proteins HSP90, HSP70 and HSP27.
Prion 1: 53-60, 2007
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E=RSIVERBEDY /I I/ RCKDE

HiEEEFRIZ@EhD SHENEREMEREZ AT S

BH ®B"

1. &

gz, RECESBEHERCVHEOHMETRETH S 12,
HIPEREOE T EE I LV EERRETEE, 2T
s & OB R S W g RIHEh3, E56IR
EREVM RO THRSLIRD T2 &, NEFSTEVED
ETL, RficE 3, $REZUHEMLIZ, HNES DY
VEROET A0, Ekick > TRISMELS [ 28T
. WHO DFEME (1993 ~ 2005 4F) ic k3 LR
ACD 24.8% %558 5 162 BALBRIMTH D, ZDS5H
REBBEORVORIEAMRERE (A74%) THDOH. &
LREBEDENVRABMICBNTS 127% %550 5, Z
NDEIIT, FRZFHMAMICHRERZ LR TVORHERD
—DTh5,

2. HRZHENM

ANEZU Y RBREBOBEEES, SBRRETEZ
LItk TZORBIMETT5. 2070, HREHIE
KGN\ OBRERDELMET L, ZOER. b8

Beorzx X -REPENT 2, LR $RZIZK
DIRBEREFZHT A IR IhECICeHE TR
3, Lo L, $RZOEEIIOVT, OXERRBHR
MR IZE 5 % TREBNICH L 28G5 -
R RERNBOFERETHE I L. THOEH
BB TEHI L5, BRSOUEBLBIITT 53
RLLUTHEHLTWELEZ -, BLBHERSHFHOE
ETRBICRITTHEFHLAICT 5 -0ITWEN L b
YRS b — LB EERBL -,

(1) BYRR

4 BEOT v MCBRZHE (% 3 ppm kW) % 16
HEAHERE ¢, BEE (& 48 ppm) I X7
T4 —=F 4 v EER, WEHRD. GREZAERT v
FDOANEZSTEVRBAICETL, 17THEHICRERESR
BEOK 40% BELELS. BEz2L TV (E& 1),

(2) DNAZ 1 7O7 L 18R

SR ZHRMAFRBETFRBRICRITTHELHL »
3572, DNA4 2 u7 VA BWET -7z
(Affymetrix, GeneChip® Rat Genome 230 2.0 Array).

K1 #E HREE ~NEJ0OCY. k. FEH%E

Table 1
iron

Body weight, Liver weight, Hemoglobin, Serum iron, and Liver

L
Group

n_Body weight Liver weight ﬁemo lobin

Serum iron Liver iron

g g

Pair-fed group 6 1945+12 9.0+03
Iron-deficient 7 198.5+57 7.9+04*

144104

g/dl ug/dl
247.0 + 29.0
35.0 + 3.4%*

1g/g wet tissue
101.8+5.6

6.1 £0.2%* 66.0E3.6%*

{EIEE + R E TR L,
* P <0.05
**: p <0.01

*EIRIEA SENBEERN 7 H 7 I @ 7y FA4 DS Tuv s b
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BB, 5 28 — B EEBLEL 25, BZLIZs S
AE-RBRTEIEBRAL IS (K1), 2D
MRELD. 2HBEOIBOBRZTRIVIE - VHRES
LEZ N, KT 2 BB AT, $RZH
THEBUEML 7 600. BERBH L5000 T —Tky
FEHB LU, BREMML-To—-T vy MiZIE. L
27u—- R 73 BRH. BRECEDLEET
BEMEhTED (£2). REBAL-Tu—T&y
MIREERBEHICEDLIBEFRBHE IR T (&),
BIEFYV A MRRABIVCERSICBELEZ, ZhsoR
SHER AU 2RBEWONE T L oMb o84 AlE
L (£6). BETREBNMER:A6DYE, BREE#X
ZICEBRMTH X ShAHFRORBEGEX 212
T, KLY, GRZFETIT. B BE. 73
JBLEVH ERERORBVEERICKE LG TS
LB E 5T,

5T, PREEZ U ABERDOT R -V IO =
VX~ 8 TdhHDcaspase 12, T T 20 A ThH 5B

0e+00 1e-04 2e-04 3e-04 4e-04 5e-04 6e-04

]
o
3 -
pu oy I'—
o
43 FIFI_‘ I——I I_-—I
5 ::_)I -, ]
Y gy oy o3 o® o3
Eod 2 3 3 F
2 2 g &
L J [ J
T T
Iron-deficient group Pair-fed group
K1 DNANA207LATF—5DMEENI SX5—
FENTRER
Pair-fed, \BE B8 ; Iron-def, #RZB
BSIBLOYYTIVERT

Mo SR Y—BOEREERT
Figure T Hierarchical clustering dendrograms from

the DFW-quantified DNA microarray data.
Pair-fed, pair-fed group: Iron-def, iron-deficient
group. Numbers represent

independent samples. The vertical scale
represents between-cluster distances.

caspase 3 DEBIEZFRENSRZHTHEML TnWEI L
BRUEENS (K 3), caspase 12 BFHL T2 &
26, NEEZX PV IIZERBLAEEZA, B ay s H
YV BORBIZFRADEKTRRY Ehiz, B a vy
YT BRATFY y RO E LTHREET 528, ThAR
WA UEZ eItk TV 2B RED & VIS o B
mu. pEEZ L ZAEFELELELONS,

(3) #iR
BRZIIKERNFHEBEREEHIEE T TR
<. /M2 P L ABEE TR -2 2 B0 R
BLEIC BB RITTZENHL MR Y,

3. BllOBW#HRZ

AARiCHWT, DK 10% ZSERZHBEREED
T8, BMPHETH S [BOTVERZ] &
20 ~ 40% % 5% B L O|MERD B . BMOE VK
2. BHOHBSHARELZRETH 55, ~E0
Y OET DSV (BEEREOETEHEDEN)
28, ZORBEIIEARIhTHEN, UL, $idy
Mo ek EDBEROERICHEORRATIETHSZ
L. SAREBTBILITEDEhS DBERFEERE
ftL. ZRIHEEHRNORB L ESERTE I L BT
Hxhs, =i [BAOEV] RETH-TH., BE
BARETRIEED [$RZ] BERIZEAS»ORE
ERIFTEEI OIS, 22T, AMDOEWERS DS
FURLTOBNZHBNIZ, DNAVA 2u7 V4B
REBLEEZ A, ARSERABON: GXHRE
H),

4. BEH

g EIME LS TIRIR E A5, ZORIREICHIE
ERTWB, Thbsb, SEBRISEOFL 7274, /b
fazr & DL (MHRANOREAT) 2SHEFEh, E@RIAEOF
CAERBIRE N EHPRtE NS, —FF. Sk
BREMT 52T, MBS A -VEELBT N
Mo TS (Fenton )UR) . FIAIE, C AU TIZAHE
ICGAERL. > SRR, FRAICESHEERT L
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R 2 HRZETRREIMUZ 600 DEGFOD GO terms [CED IRFEEHEN

Table 2 Significantly enriched GO terms (FDR-corrected P-value < 0.01)
found in the top 600 up-regulated genes in the iron-deficient group
S

GO ID Term FDR-corrected

— P -value
0002376  r— immune system process 8.18E-06
0019882 - antigen processing and presentation 1.63E-06
0048002 L antigen processing and presentation of peptide antigen 1.83E-06

| antigen processing and presentation of peptide antigen
e " via MHC class I
0006955 ¢ immune response 1
0050896 - response to stimulus 1.
0006950 —--response to stress 4.95E-03
0006952 t— defense response 2.35E-04
0002526 ' , - acute inflammatory response .
0006954 : i i inflammatory response
0009611 = response to wounding
0009605 bz response to external stimulus
0008152 -~ metabolic process
0006629 - lipid metabolic process
0008610 i lipid biosynthetic process
0044255 peneeemenenmnmaiooo- cellular lipid metabolic process
0008202 ¢ ¢ T steroid metabolic process
0006694 t-= steroid biosynthetic process
0016125 f““““"'““"“" sterol metabolic process
0016126 i b sterol biosynthetic process
0008203 i i cholesterol metabolic process
0006066 R cellular alcohol metabolic process
0006082 b---------=-- organic acid metabolic process
0019752 L--- carboxylic acid metabolic process
0009987 cellular process
0007165 b signal transduction
0007249 b I-kappaB kinase/NF-kappaB cascade
0016265 - death
0006915 e apoptosis
0051402 L~ neuron apoptosis
0065007 = biological regulation
0050793 regulation of developmental process
0043523 e regulation of neuron apoptosis
0043525 il positive‘regulation of neuron
apoptosis
0048518 s posmve regulatlon of biological process
0045787 p-------— positive regulation of progression through cell cycle
0050794 r---------— regulation of cellular process
0050806 positive regulation of synaptic
transmission

0051239 e regulation of multicellular organisnLaI process

FDR-corrected P -valuesiE. tZ Kk Fisher?® IEMERE IR EIZLVE HLTZP -valuelZ D\ T
Benjamini & Hochberg® FDR## 1E L7,
B FJB DtermiZ > TlE, FDR-corrected P -values# 7 L — CfHT L7z,

&3 HRZTBETRERL Uz 500 OEEFOD GO terms [CED <RMREHENT

Table 3 Significantly enriched GO terms (FDR-corrected P-value < 0.01)

in the top 500 down-regulated genes in the iron-deficient group

GO ID Term FDR-corrected
— P -value
0006082 - orgamc acid metabolic process 2.59E-09
0019752 | -~ carboxylic acid metabolic process 4.20E-09
0032787 i t--- monocarboxylic acid metabolic process 1.83E-06
0006631 " fatty acid metabolic process 1.13E-04
0044255 | cellular l1p1d metabolic process 2.80E-04
0006629 - 11p1d metabolic process 2.47E-04
0008610 -~ lipid biosynthetic process 6. 6%5-03«

FDR-corrected P -valuelZ DV TlXTable 22,
7L —DEAHTFIZ OV TiITable 258,
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K4 BRZBECREENUGBETFUR
Table 4 List of genes with increased expression in livers of rats fed
iron-deficient diet

Gene Title Public ID
Cholesterol metabolic process
Sterol biosynthetic process

3-hydroxy-3-methylglutaryl-coenzyme A synthase 1 NM_017268
3-hydroxy-3-methylglutaryl-coenzyme A reductase BM390399
isopentenyl-diphosphate delta isomerase NM_053539
farnesyl diphosphate synthetase NM 031840
squalene epoxidase NM_017136
cytochrome P450, subfamily 51 NM_012941
24-dehydrocholesterol reductase BF417479
sterol-C4-methyl oxidase-like NM_080886
NAD(P) dependent steroid dehydrogenase-like BF407232
cytochrome P450, family 7, subfamily a, polypeptide 1 NM 012942
insulin induced gene 1 : NM_022392
insulin induced gene 2 AA851803

Carboxylic acid metabolic process
Amino acid metabolic process

glutamate-ammonia ligase (glutamine synthetase) NM_017073
serine dehydratase NM 053962
glutamic pyruvic transaminase 1, soluble NM 031039
glutamate oxaloacetate transaminase 1, soluble D00252
argininosuccinate lyase NM_021577
Gluconeogenesis
glucose-6-phosphatase, catalytic NM_013098
phosphoenolpyruvate carboxykinase 1, cytosolic BI277460
Acute inflammatory response A
complement component 1, s subcomponent D88250
complement component 1, r subcomponent BI1292425
complement component 4, gene 2 BI285347
complement component 6 AlI045191
Apoptosis
caspase 3, apoptosis related cysteine protease U84410
caspase 12 NM 130422
Neuron apoptosis
BCL2/adenovirus E1B 19 kDa-interacting protein 3 NM 053420

K5 MRZBECRERDUCEGFURBS
Table © List of genes with decreased expression in livers of rats fed
iron-deficient diet

Gene Title Public ID
Fatty acid metabolic process
Lipid biosynthetic process

fatty acid synthase NM 017332
stearoyl-coenzyme A desaturase 1 J02585

fatty acid desaturase 1 NM 053445
fatty acid desaturase 2 NM_031344
sterol regulatory element binding factor 1 AF286470
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#£6 FEHLOHILVRATO—)b. TG, EBESLUMEFTOHRIVAT
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Table 8 Levels of liver total cholesterol, liver triacylglyceral, liver total
bile acid, serum total cholesteraol, serum triacylglyceral, serum
glucose, and serum insulin in rats

Pair-fed group  Iron-deficient group

n 6 7
Liver
Total cholesterol mg/g wet tissue 3.7+0.2 2.6 £0.1**
Triacylglycerol mg/g wet tissue 11.8+£0.8 8.0£1.1*
Total bile acid ug/e wet tissue 25.6+1.4 324+33
Serum
Total cholesterol mg/dl 70.3+5.0 48.1 £3.1**
Triacylglycerol mg/dl 73.0+4.4 61.6+11.9
Glucose mg/dl 125.2+6.9 145.6 +4.8*
Insulin ng/mil 23+04 5.1+1.2*
B ERE £ BEERECRLUE,
* P<0.05
** P<0.01

Lactate §

2-oxoglutalate

2 SKZUEMORICSITHAHES

FIRKED | BLTREEM

WigKE | BLTEREES

KROWAE ; MiESHDWVIEFEEEOEN

BHRONA ; iEH2WVEHRHEEDRS
Figure 2 Possible hepatic metabolic changes due to dietary iron
deficient anemia.
Bold arrows, up-regulated gene expression;
Dashed arrows, down-regulated gene expression.
Bold squares, increased level in serum or liver;
Dashed squares, decreased level in serum or liver.
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heat shock 70kD protein 1A
>
[heat shock 70kD protein 1B < ]

S g e

Caspase 12 4
activate *
Caspase 3 afip

3 #HRZHEMBSOFFRICSIFD/IBEIA NV
ICKD VIR b— AFEEDTREM
< BLTREEN
| BLETRERD
Figure 3 Possible induction of apoptosis as a
conseguence of endoplasmic reticulum (ER)

stress due to dietary iron deficient anemia.
<. up-reguiated gene expression:;

<+ , down-regulated gene expression.
kb, Teld, RREIDEKICRITTHELFTLR
NTHSEPIZT 378, DNA~YA 207 L4 B 4%Ek
L. BHLGHEREE.

5. ¥&&

BOBEER. SFENBEORELFEWLALHIZT 5720
IZid, $ORZ - BRIOWEMFIZDOWTRETT 2B H
%, EOICHRNOSELBREMICRELTF -2 #5818 L.
EET5ILT. J0BEORVVEREBEZLNTE S,
Rtz B DFEHE L 22 8RBIC DD TOEKSTF L L TORF
Z MOFRBROLEBEZUET S LIcd T 5L
DTEBZFHETH 5,

<HE>

KR ERET BI2h D, REARFRERHESR
PSR 7. BURBERFEI FHE—SE, HX

RFRFBEEIE AL, RRBEAT IR
ERTBRTRE, WREARFRERFEERR hiFin
FAE, HRKFEFRFBRER S ARETEE. ME®%
AMRNBEES 7 H 7 I — BEHHER. B B
HEtoIHE. CHheBo L, L&D, AiLEH
LEFEs,

<LFBH>

1) Mendel, R.R., et al., Metal and cofactor insertion.
Nat Prod Rep, 2007. 24(5): p. 963-971.

2) Tsiftsoglou, A.S., Tsamadou, AL, and Papadopoulou,
L.C. Heme as key regulator of major mammalian
cellular functions: molecular, cellular, and
pharmacological aspects. Pharmacol Ther, 2006. 111(2):
p. 327 - 345.

3) Kamei, A., et al., Dietary iron-deficient anemia
induces a variety of metabolic changes and even
apoptosis in rat liver: a DNA microarray study.
Physiol Genomics, 2010. 42(2): p. 149-156.

4) Uchida, T., [Anemia in Japanese women: the
current situation and the c_ause]. Rinsho Ketsueki,

2004. 45(10): p. 1085-1089.
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1. BU®IC

MEEEERE X h 7 AOBREOKR. HAEFELFNIZED
FTHELYHICHERMPCRALZ LICLDBE 20 EBTR
RN - FCHEEROFEELIEA TS, 20O
ZALIZHE > TEROEHREARER SHREEDHIE 4
Bl Tn3, FEBFRIADORBRLICHIGEL T, 4
THIE O, BMERROTPHE X OBk (7 v+
AVVY) MR EORIEEITBH LTS, 2T Tid.
BEICE T S Uy S ERPEERET. ElEhT
TART VF LA VY IR E KOZ OB 4 SR
AT B, 7V -FIHNERO LS BEAMICET 5 PEF
EFEHERZNSH, I b2y FY 7 DNA#IE @E#R) 1
FEAFEZ A ZIARS R TV S, ThE TORF
FIZX Y. Klotho, Sirtl, miRNA O & 5 Eih{bicp
HUZBEFE, RS SRR TEE A ®
BERETZENRERTNS, ZOEDBIETERD
ZVRRBIRIBEOENERLUL-RRE4FET 5720,
LI LIXEBLBWET LOMERICHVYO S, X612,
D-#92 b —ZARBEF3 I LIck > CTHALENLE
FLEEDBRESZ LA, 1980 FRICHEMELIC
LoD THEZNTE Y., ZOHFEIFEROT v+
IAD Y IMBIZBENTSEBIAL AVEhTWS, £
LCHE, ZOD-H3 2 +—AREEEFIIRE
IFTOARKEMARDESZETHEAMA SN TS,
ZhoDT A Dy rEHERPHWETLETIILA-EEH
FRBEZR R HIRLALEE, SRV ViR & O 4 s,
HEICHE T 3RAROBREN LT v F 4 DV ok
Botze —H. BHCEOTREREPELOTERT
BBLDEZIND T, BHEGICEZEBMA =X 4

D/EAFER) L B L U EORR D120, KE < OB
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Figure 1 . Effect of jet lag, D-gal or both exposures on (A) the locomotive

muscular function by swimming test, (B) antioxidant genes
expression in liver, (C) Klotho gene expression in kidney,
(D) T-AOC of mitochondria in hepatocytes. Data represents
as mean = SE. *P<0.05, *P<0.01, **P<0.001 versus C;
*P<0.05. #P<0.01 versus D; AP<0.05, MP<0.01 versus L.
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DHBETHHZEr6, LEDTEA RNV FTLHEY
WHEEZ, Hy - FCh 5EEEARFERBICL
T, HREEOHEE,» SBRD 2 WEEL V20T,

ILSI AR OBEMAHSICHBEL T, 2071
ZAy ¥ a vyORT, RAEGLIZDWTWL 22 DOME
REBRC T, BROBL CHRBMETFRETS.
BHOBRVEDERREMOEHOH D H L, [N
Fl IZE > TGIDRRIBEI NS L EDRIE LT
Wi, ZZTHHERP—ERHR ST ehiz, fi

ZXMBAZERD B7:0—D2DEMO GI #R/ET 51213
10 AL EO#BEESVBETH D, ZhFhoay bu—
NE (FLa—2R) ICEBHEBIT D 2HHESARIEZZ
OfEfE x5, L d—BEORIEICEAS 7 BORIN %
B30I HREOEHESKEN, X S ICHBETOE
FBRICL->THAIREAEH TSI L. ZL T, KA1
MITHLIHLR A EE LW EZAE L AL L
5%, ARORBICIIFF I EFELETIEES B
ZenE, FERIGLIERETZDITEEFENLE N, R
KA DB E T BRI L T~ AANOEBRETEN
FHNOH T FOEMBLEL TS 5,

BREREOMBEED Lot FofE s, BS
ZDEDDTFALAEEDDILT—R - Y Y —2DH%E
HTORHEBRNEETH D, ZORRERNZEEO M
BOLYED %5 3BETHT ZICHATEEO,?
GLIBZEBRICE M5 X 2L 2OIRELDT, EHNA
BELLUTREETHIH, fliddbs8RE58 3L
. EORBONMEEER?H 50210485 LT3 8-
CHMAFETINE P EZABBESD > TEVVDT
Bk, LEXBIC0ES=DTH o7,

Zh P 7=TRIEDRIA & ¥ 7S 2 B OS5 O M T
ZHh5, Thbd [EWiE] & (#3214 (Fur
AV -2a7LdFI) Thd. EWMITERICE V8
JEBEREREBNIEURRPEPICHHE S h 2 BRES
HEL., ENFFEAICE VS2ELLTHRDARLGR
R TRETCHD. BREhig V328D 5,
BHRICRFENBEE/5— Y V TETBEDTH B,
TabbE8 (AME) #ALTOFMETHD. & Mk
54 V0 BRBEEEEARDIDIIHEDIhE FET
Hbd, »IBUOL /N BEFMTELE, L IDX

* IL.SI Japan BHHE &K
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VISVBOBRIIOHBEBLETI VB, ThAbLBMET IV
BRRWICNT V2K GFFhTwE. ZO4YHEI
BAD. RO VISV BLE LM EhE Z LItk 5,

&5—20% VIS BFERIE [ V37 LS
NBEDTHB, BRDZ VISTBOREM%FHET 5
DIZ—BIHEDNTHEFET, EERENTEI X
. ZOBRET I /BAMBTHEL, 2H7 IR
OREEEZDEERDT. ZORBBABIZE > THE
BET I JBROBHERNT Y AR E D &
AL THEEEMTOTH S, ABICL > TdBEY 40
T I BST v AE FAO/WHO DA REMRSHES
b ERFEAE L U-COn &, HRH TR U ERE Z
TWa, [Z2y3uff] BARICE - TEEREINRDH
BT, FOBREENBZ X VISV BEONET I /B
AED & 30 BERICEBN L WET I 7 Bk (8
B MET I B38—V) 2ENETHEZLTHS
PERTBET DB LA LD, [FV321f | i,
ZOHBLEL LEDET, ThThOBEROMNET 2
JBDSHBRLEROENE—BET I/ BROMEH, £
WEOYHET IV BOF/ -2y MY 3 052 RTE
MThs, [l & (232 i3»EDOM
BEird 2 ZLpFdHEhTED. BREDOZ VISVED
REMFTIZ, BLAEZD [F V324 2k oTw
LSDOHBBIRTH 5,

BREEDH VI BOREMEIEDI TS [#
Yoo i) EFEBREHENG T, BRHPORKEHOR
FEIMAi A, Z ZTEETS [GR] (Glucose Releasing
Rate) TITAIEHENLIVDOTREVIEEZEZ T, IO
Tuv s M EEDTERDTH S,

KELDRRZEDIDDY T L4 DDI LT -2 -
VY —-Z2EEHRTOLNNBNEETHD, TOEMEH
MU-&ZDMBEED LR H%b5BETRHTESD
2GR OEF TR AW, EE LTS, ILSI Japan JRAK
LIRS 2 2 ML T BOEA RUTER &SRS %
LEFITI3ELZBEPUTHREL MARRE Z ZICRE
U, SPRIBZERN 2 KRR EROFMEIC L2 e 8
BLTWE,
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fEH TR

1. HROER

(1) mEEEESE

RBOMBET Y T — Ui 2 RIS OB 12
EECHS, & WRRAIHEOHILAT L, 2
NIZBET 2 A 2K v 2V Y Fu— ARBREL, X
SIZIFZNo»oEL, BCOFELRR L & 3 098
B RS RRBOIEICERT 3 LW £ < OMESR
REEhTH3,

Glycemic Index (GI) ZRSOARIMEEHE 4 FHT 5
in vivo DPEILETH . BZIEE L FEROBE L RET
SEOERLEY -LTHY., BEEL UTHIL T3 Y,
Lo LA, GIEEICREREORMAHETH D,
PR F LA, 3R, KFESOHNRS 5, Thid
A. RELEEBNNGIHIRIZHDODI TS, 2Hb3
HAPOBHREBRIDIIHIETETHAE N, /= b
EHRELL TR0, QIEEIZ T YFHREL,
CVA#30% 2B BZLEBLL AV, &510i3, GI
H100 &2 B EEERSH—IhTHEN, Thohb
GINBRMHBEICRET A I BH2ET38D
LEbLIS,

(2) ILSI Japan & GR

ZD kD ERHEOP, ILSI Japan RA{LHFEHE S
in vitro TORRBMBELEEESFHME (GR %K) OFR
ERMB U7, W1FEMGREBEOFERIIOVTERL.
20054F 2 H12 i3 GR IEO BRI B4 5 [ AT G Y
ERIT UL, BATIE. GREZBFELI>E2 X M TH
BUYEORWHETH I RELOBERER/. 42, 187
DEBZTTREL, ERZO—BFOBELHETE

5ZLEHIEL, ThERT, RL132005F 4 A
52008 43 A £ T 3EM. HTBEARRREH
R L FT GR BROBRE 1T - 7.

2. GRZEDHEHR

(1). GREDFITHR L EFERE

In vitro TO MBI EEFMICE T 5 £RITHIAR
Granfeld 5 (1992 #) %% @ HI ¥ (Hydrolysis Index
#%) & Englyst 5 (1999 %) 59 ¢ RAG ¥ (Rapidly
Available Glucose ) b3, LHLARL, wWihy
A HIHMHTB LN TVEN D, MiEARITR. BIEOM
BEUHPERORERZBIEL LT, BREFESCEBER
RSS2 BN L D BEL L, EEARIGIZHIE L
TRIBREMAIL T, Thbb, EERNOHEILKRIGHE
BTH 5. OEARIE (HE) . FAKIE, +ZHBARS.
MNERRIRE, ThEh, IV —E X7Y VR
739 —ERIE, a- NIV E-ERIBTEEL (X 1),
ZOMETRISZETI Z &Ik, GREFREL 2,

(2) &HERILDHE

1) a-73I5—-ERIE

R2izF v PV ERERDa-73I 7 —¥RIBERL 7,
RIGEEZHS P IcAERO GIERBUSZ, X512, Z
Da-73I7-YOEE REW. £ pH Z2KRE L.
GR BiclAaA NIz,

2) @-ZAALE—-¥RIE

GREIZHWS a-Z LAY F—EERRLE, v
F—RARZAo - AT THBEREIBEH D8, Z0D

*HRAXTLIG IR DANFERTRN RMERMZRER RGN G
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Oral cavity

|

Stomach

Pepsin digestion )

|

o -Amylase
digestion

l

@ -Glucosidase
digestion

1 Bt70tX
GR AIEEDICH DI,
Figure 1 Digestion Process
Strategy for GR measurement

Glucose Release

Mastication 1

f Physical digestion

8 Grinding and breaking down o)

Chemical digestion

120 e : ;

100 ==k % : d
:\; T
N g
o 80 -
%) -
3 .
e 60
§ /f/ ~ —— White Bread
é’ 40 pe —-s— Cooked Rice
O //,,. 4 Spaghetti

20 [‘

0 [ i i i i L
0 20 40 60 80 100 120
Time (min)

2 FTUIVMBROa-FIS—ERIN

O B\ (GI85) : [, MERXK (GI88) : A, R/ F 1 — (GIBD)
ZDin vitro DF—FFTVT/EBRICHITD Gl DERZRBLTWVS.

Figure 2 a-Amylase reaction of starchy foods

<. white bread (GIS5) : [, cooked rice (GI88) : A, spagehetti (GIB5)

This in vitro data reflects differences of Gl in starchy foods.
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FaL 3MAEMHERTH D, RISEEIIe todDEizse
CREZEDTH 7Y ZOHT, 59 MNETE Y
23% & — (Rat Intestinal Acetone powder : RIA) (Xt F®D
a-ZNaY K —ERIBHERENCAVSRTNS > 7
. GREANDHAANEZRET L7, RIAD a-7' L0
VE—EERERANLLIA ILE—E L YLK —
¥, 205—¥, 77 82—¥, b5 —EEELHER
Ehte (X3). BEHEFL -0, MBI RIZEKD
RIA % GREEICHAANB Z LN TE -,

3) WEME % A L - R LG

I DOIZE T, WEAELRIS I LZREL RIS & [F
MRICEETHSZEBNHBAL TV 20, BRPEEZ
BT 2EEL VOB L. 2055, XEBFD
BRAREIZII -4 V8- (K4(a) EFxEVF
14— (M4®d) Z2200BMEEL Lz, I—-+7
54 V& —OFEIIEETH R TVWI &, 200 Fu
LRMiTHBZ L. HERSAE O SIckoXHIh
TW3Ze, EHITBAREMBHIBERRICESTE
HIETEBZLTHD, I-br54v58—i3 [RE]
EWHTA0ISE L TWS LRt T2, — A, FvEY

Matltose Isomaltose

(b)

M4 =—RISA/9—ERESTAT—
(a) =—bhI 545 — (MK-GL20W National)
(b) MES FA— (Ermex)
=—RISA VI FRBETPHMOBRPREMCHLSNT
W, EBONSEBREANDE. E—F—ICLKo>THOIC
BUHEIN., ABBAHYI—ICKDYPIETNEIHENS. RE
TFFAF—FA MY A—[TUTED. BRZEKEHITTSR
T4 IV ITICANTRES FAT—ICEYy hodE. BR
[FHIRSNS.
Figure 4 Meat grinder and homogenizer
(a) Meat grinder (MK-GI20W National)
(b) Homogenizer (Ermex)
Meat grinder is used for grinding meet, and other
foods or ingredients as well. When a food is put
into meat grinder from the top of it, it is forced
by the motor, then cut by the inner blades and
gets out. Homogenizer is like stomacher. When a
food is put into plastic bag with water and set in
homogenizer, it is broken down.

Sucrose

uM glucose release

Lactose

units/ml
maltose 3.62

substrate

isomaltose 0.76

sucrose 0.80

trehalose 0.17
lactose 0.10

K3 RIADa-7)Lav45—EEFME (RIA : Rat Intestinal Acetone powder)
Figure 3 a-Glucosidase activities of RIA (Rat Intestinal Acetone powder)
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Spinach )
30g meat grinder

not uniform

70g 100g
Hamburger Rice

" meat grinder
pre-cut and pre-mix
+

. §§ )

a
uniform validate
uniformity

X5 [I\VI\—JF&] OYERHEL
Figure 5 Physical digestion of ‘hambueger
steak meal’

TA Y - ORI EEFOBMEED L OV ERPRUFD
KABRDZNERBICHISTTETHD., 6124V Ty b
ETO Ny PBRBEICE—THBILTHD, xEVF
AF =3 [B&] 2B 20158 T\ 5 & fERATT
2o ThOERAMICHETL, FICEREFISHELTWS
EWVS BHA 5 GR BOYENBMEEL LTI -2
T4 VT —ERBRLZ,
4) MBS 36 0T B RiTLEE
I-MFAVE—RAVTREDGR 2 HIET 57~
BIZ, [Ny N—TER] EFLERHBLE, ZOET
L% 100g DIRERK & 70g DNV IN—2" L 30g DIFS h
AEPLREK IR TS (K5, ZORBE, $4b53
DOBMENLZIZI - TIAVE=IIhTBE, TY
Py MZE—TEL GRERESDWTHIETEZ A >
7= (M5), ZZTHEREFWBRE L, 4 xBEL
BB ERIT L. ZORR, UKRES ORILE G
THHZENHHLE, I—bTIF4 Vv F—I12hT BRI
CEFEZUIN LIRAT 2 &, MfEICEICH— S BRH
"Bohiz, H—WIHEMNLBERN. RAKCHEET.
GRIZKDHERALZ (K5). ThE3DD/8F7 A—4—
BY Y TLENThP LML TE—ETh -7 -
T, 3= F4 V=12 X BRI Z ORLE %
Tozeicky, BREMEK BEOGREIUETES &
Khamftir 72,

(3) GRE&EQAX B

BRI EBRIFICEDBRBERL. Zhs &2 —EDK
JRELTITH 2 &Ik GREIRFTER Lz, ERIBICE
AR ERHTR, SHLICEIERELRIL, £
LU 7, X612 GROBIBEX%ERL 7, GR EHKD

GR measurement

Crush the total food or meal using a meat grinder

i
Weigh a portion of the crushed food into tubes
1
Add pepsin and incubate for 30min at :

{

Add @ -amylase and incubate for 20min at 37°C.
!

Add RIA {2-glucosidase) and incubate for 40min at 37°C.

M easure the released glucose and calculate GR.

X6 GRAEEDEIEE
Figure 6 Outline of GR measurement

AFTHBEILN—RLTH»5, £7- GR DHIEIZ,
200 FADI— b4 v & —kBATIVE, BBIAR
BHESRIAET, L2313 YTl FLHAL, K2
AFCIHITEHNTES.

3. GRENDHERER

(1) ERPREOGR
GREZHAWTT V7 HERDGRZHRIEL 72 (X7) .
BGIAR.FGIRIKGIENREL LT, B/ KK,
ANT T4 —%PE L, HEHIZGI & GRDORIFX
MR SNz, T, DEL LTV IV HRR
T GR &1E GIEOREITAD 5 5 Z EAVHFA L 7=,
K, OARPAEEDOGR 2HIEL~ (X8), HuA

GR of Foods

White Bread (GI95)

X7 FTVIVHERBRED GR
BRD GR (& Gl £AEELTWVS.
Figure 7 GR of starchy foods
GR of the foods is related with Gl.

Rice (GI88) Spaghetti (G65)
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(a) (b)
GR of Foods

GR of the Noodles (NFRI)

Glutinous Chicken Hamburger
Brown Rice Curry Meal

®8 BmMTPEEDGR
(a) BRD GR (b) D GR (c) ERFED GR
Figure 8 GR of foods and meals

(a) GR of foods (b) GR of noodles
(c) GR of meals for diabefic

HMEEKGIRBRTHDIAENY, TK £/ 2OED
GRZMIFEL7=, EHICAEEELT,. 72V, 5 LA,
ZiE. -8 bEKDOGR ZHELZ, £/ FFR VA
L—RNYN— T EREDY Y PEDGR BHIEL 7=,

X510, BRRAMEFMNICH2BEDERD GR &
HEL, 20074E9HI3HDA £y FERBIIBEZNE
f (M9Ga) T. Bty MERIMEALHREORDA
b (X9b) T, NFxT4—EBEIALIAZX (K
9(c)) ThH ot BERICIZAZHLETIVOR TV
3ODERAFELZEZA.GRIZZAEHNT6.73.76 (X
9(d)) T.Bt vy FERE®DGR BEHETENZ L23HPAL 7=,

(2) GR ODERM

R RER A & WV C GR IBO HBME A BET L 72, 15H%
REBIZV v x 74D E460F18 TH D, »uY) —LfE
g% A@B L -REETDLy PRBTH B, GREDH
BEBRMIZ. 3RO CV ZEFHRE) TZhTh 1.6%.
0.6%. 25% Th-o7- (K10), 5T, FEITRLHE
D, IFLAEDERPBEETCVIES% BUNTH -7
GREOHEBRMICBEAL TIZ., ZThs 3RBRICEITS
GROFEHEAZ N FH 926, 922, 904 THD. 3R
BROHAZEZ#HICVIZ% Tho7 (K10). ZhoDH

GR of the Meals (NFRI)

A set B set Variety

M9 BREEMEFRBEDERD GR
(@) AEB (b) BEE (c) \SIF«—ER (d EBDGR
Figure 9 GR of the set meal at NFRI

accompanying cafeteria

(a) A set meal (b) B set meal (c) Variety meal
(d) GR of the meals

GR of E460F18

100

80

60

GR

40

20

1 2 3 Ave

M 10 GRAEIEDBR%
Figure 10 Reproducibility of the GR
measurement

HIZEHE TR A MOENERBRDOEDEFRL LT
»5, UE25, GREOHBEMEIIIERIZEL. Y0
HiEp 1> [EMTHBRMEASWI & ZFERL 7=,

(3) GI & GR M#AEE

AREBI%OMEE S & GROBEBRERANS D
2. B&OGIT 12 & GR OBEGREKEK LA, X11ISR
L7 .Gl & GR IR HMEENF o, #- T,
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Gl vs GR

140
120
100
80
60
40
20

Gl

0 20 40 60 80 100 120
GR

11 Gl& GRDMAEREX
Figure 11 Correlation between Gl and GR

GRIZIAEL L GIHIEDREELEZDSBTHA,
MEOBIZ IV & AbNH, ZHIZHIERBEOEND,
GIDAREEXICHKRTE2EDTHA D,

(4) GREBIERROE LD

GRENKEHAE T LH S, GREIFIOBETEEDOHE
BETITA. QK22 bTHD., BHEEZHETLIIL Y
AETHD. @G LOHENLBREFTHD., 25120
ERETHEAM E, 572, b2, BRIFCREL 2
GR i3, Y#atHE L ¢ [AEAERES] 2L
HEAER L7 &L 7=,

4. [HEFRELRK{EY] DEH

(1) &€ [H{tFTRERRK{EH] BDOH

[ LaTBE s A L# ] (available carbohydrate : BAF
FEIIEE) X GROGRELTRIENLEBEHTH 5,
->T, BRERPOMELTRERKIOERERDEZ L
BEETH S, LrLELRS, RAEFIZEH-TIDE
WmPEEEFANLDOIIHEEL, FAETH 5,

& A ERTORBDHLTTEE 2 RALHIRACY
HRILE LT [HARRERER ST 2010 W ICFCEKS
hTns, LaLlass, RAKERIERORSME
TEHHKEL, ZOFFHIZGREED SD % EM 3 Z
ERbH B, -7, HEARRBEERIRIZ, GREICE
FARBORKCHEREE LTRHAWSZLIEITEX

W,

7o, HRERITE RBRS] 29359 F —VICER
XT3, LHLZEHD carbohydrate id. » 55HA
T RWEHEE &L [RAE] TRREhTED, 2
b 5B IRYHMHEA G AV [BE] TEREATY
5, EoT, EERDBANBILETER L, ThbH
&0, HILTRE LRI OEHERIIFN DO HFETED &
{TRELEWN,

XL IZHIOBEA»EAS, TV T VIZHELL THAK
ARTHE 0% DERAMT I L, 5, BRmICET
VYD GRIFH 110, v b — 2D GRIZH 105 &,
100 284 Z &2k b, GRETIEZ LI —2%100 T
RABELTVWBEDT, ZO&K EFEEFIhEN,

BRBICRIEELETH 34, JEHELEDOT VTV %
ZRICEAZBOK GR BRRAREEMROMARAELR
BEUHE» SHR L < TE 5 &,

Y EDBEH A & | HLATRE & R DERIZEE T,
GROZBEREAMICER LA T3 abaneihimL
T

(2) GR D9 E

ILSI Japan REMBAME TIE. GR D7BHIDW
THBL T O2ERRLZ, Zh&D 3 2D58H
AHET, RAMEMS720DGR., 7T —&H7=0D DGR,
HEH-DDOGRZ#HEELZ K12), 2L T, Zh¥%
hoOARITHT 5703 — 2ABMBEDIIEZ, HRERD

(a) (b) (c)
GRCH GRCAL GRW

100
80

60

GRCH (%)

40

GRCAL (mg/kcal)

20

0

E460F18 E460F18 E460F18

12 GROOHE
(@) BRAKILY (KBS ) HIEODGR (b) HOU— (RE
4 ) drebdD GR (c) EEHHD GR
Figure 12 Denomination of the GR
(a) GR per carbohydrate (Nutritional Composition)
(b) GR per calorie (Nutritional Composition)
(c) GR per weight
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HEL LU TEELBKEE D2 DLEL L,
HEHZDOGRIEIFEITKDAZILnNTES . Hu) —
BH7=DD GRIZEBEBRAVEREINTNB L EZITKD S
ZENTEDB, —F. HBROBYRAHB 720D GR
RIZLAEDBAERDBZLIITERN, LA LERS,
R B 720 D GR B BERPBEFOURERTRES
BTHBZ LIS EV, #- T, KAKEHD
EREERN P ORBNHETITII L E L, 72,
ek D& ) KA TR 2 R AR T AL T
5L,

(3) HALFIRE LR AK{EMDER

HIL TR R AR LD RIE X, O A FET, OF
MICHEDE, ZLTOETORK, TALLARPASF
ICHLT, fThadhidaskwn, 2Ok kEHT,
XHBRFZE#1T 572 & 2 A, [non-resistant starch] &\
5 FHEBIZT ¥ &\ 7=, non-resistant starch (& 2002 412
McCeary 512& 0 J AOAC Int. D 2 BIZ, FEERNIZER
EhTWw3, EDVNWI LI, ZOHEIEGREICE
WTCa-73I7—ERIDZE 200575 16 REEICEE L /=
BDLIZFLALRULETHD. non-resistant starch, 7
HBH 16 KEO LT —-ZBEHOERIT. GREDOMH
—EREEZ T THREL k5T,

7z, EENICZOREIRISKMZ 2 H, £4325
CHELTEELEnWZ &b, Zhidk MMNEICE
J5BEMALDINT—ARHEDORATH 5 Z & 2 Fk
LTwaeE2oh7, DEOBREZRICAN, ZD
16 R D 7L a2 — Z R & HAL T RE 25 IR KA HD & &
Uiz, '

(4) GR DEtEE

X 13 icH#eR D GR R EOBKF 2R3, Tk
WETRIRBROVBERENTED, a-73I57-¥R
J& 20 57 (Gr20m) & 16 B¢ (Grl6h) (Z¥1) 3 RA1L
M (BYEELEED) 720D s a— &R
7= (X 13(a)). GR DEFKIT. FHICHL X hBHEA(L
MEDOHELTEZRAKICDEICTEHETHEDT,
GR 1 Gr20m/Grl6h TRZ 3, $4b5 84/91 T. GR
1293 (XM13(c)) %5, RERAETRHR LR T,
HICROBZZILNTEIBEESHZDDGR (K13(D))
ERICEHML, AICGR2BAZ LM TES,

KA S 720 D GR (GRCH) (%3 % Grl6h (91%)

(a) (b) (c)
GRCH GRW

E460F18 E460F18 E460F18

13 GR DEt&E
(a) KLY (REMS ) HIZOD GR (b) EEHcO®D GR
(c) GR
GR (& Gr20m/Gr16h h'5kHDTENTESD. Gr20m :
20 FRIHCHBIFBHTIVI—ARit. Gr16h : 16 RE/RmIC
BIFBDTILI—AH.
Figure 13 GR calculation
(a) GR per carbohydrate (Nutritional
Composition) (b) GR per weight (c) GR
GR is derived from Gr20m/Gr16h.
Gr20m: Glucose release at 20 minites.
Gr16h: Glucose release at 16hours.

FIHIL TR R R KL TH D . BRARLH A 100% T
H B, WoT. DD 9% HBYIHEHMER non-available
starch THh %, & 512, Gr20m & Grl6h iZ[E—F#H»
CEH VTV VI LTHEROBDT, ¥Ry T4 VIR
EENHEBEINCVIZNESLEHoTz,

DlkaZewsdl, HLTTRE L RAMYNIZFERDN, B
MENCERI O, L2EELSHET, 2Toy v S
NZHRHIBERETH 572, & HIT, K 0 ERELRIE A T BE
ey, ARG BREOBEERMOME S R L., HBOK
GR BmODBRNEEKTE /=,

5. GR DFREZ

(1) GRIIEREEOFED,
1) GR DF#

GR 13 in vitro DRBRETH 0D . in vivo DRERTIZ
WV, 85T, GRIIWENET L L TEROER, 1t
PR & U TR R E T 5 4, B ENRET
ELTHERE MERICE T 5703 — 20D AAR
BRBICH T 2R E Y OREERBL 5\, AB¥HN
R I3 EEERPEFRORII KD KELS LT 5, £H
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Effects of Yolk and Oil (White Bread)
100
80

60

GR

40

20

Cont 63% Yolk

63% Oil

X 14 IEEEEFYSIMFEE NMCHITDER/ (D GR
GR63% DENEFIIFTSHMEMZ TH GR FEDS5EL,
Figure 14 GR of white bread in the presence

of yolk or salad oil
GRs are not affected by adding 63% of yolk or ail.

PHRTFERMLEWZ EAREKE L GRIEORHT
0. GR IBEREEORETH 21 EHNE\,

2) GR oz
BRPEBFEITHTELVWERFE2ELREWTH S
DT, GREDHEBEERET L7z, ERICKD, LITD
WA B, GR¥IZpH6 5 8 DR TRETH . &
Tk AHBRNEL. KEOEHR 2 VS BEDOIET
VIUBHRRICE S TEHEEZT RV, X 14 ICHHh
MICERARRTH 5 63% DIEDZNVEY 744 (L%
AML7=B/SV DGR 21T, WEHZIVEY 7444
LBRMOFEBIEL Abhkh 7, f->T. GRIEH

GR of Foods and the MEAL

100
80

60

GR

40

20

Rice Spinach
(Gl 88) (GI15) (GI 49) (avGI 63)  (Theoretical)

Hamburger The MEAL The MEAL

K15 [J\VI\—JFEE&] @GR
I\VIN—TFEDEE GR F. #HT? 3BRNSROIE
5 GR [FIEB(ITALILTVS.

Figure 15 GR of the ‘hamburger meal’

Measured GR of the Meal is quite similar to
theoretically GR delived from composed foods.

ZHoL ARERORHETHA 5. GR ZIBEMELOKE
ERITEVEEAONENOLTH D,
3) OEFD GR NDOHE

GR AL IIBEROEAEORMETH 255, HMOR
MIZBWTGR 22 LADbERD., FHIEEARDZDT
BIENTES, kD (hyN—rER] #HVWT, Z
DRBERD GRICHTRET 24757 (K 15). K&
DT 7 73R, TEDBKREK, Ny =2 1F
SNAEDGR #RT, ALV VYV VEBOBIREEDIE
GR #7174, ROBIIZOBEOHEFZYGR T, Thb
3HEORMOD GR % KAMHE TMETFE L 2-RKD -1E
ThHb, Ny —7EROWUE GR IZEFRH GR IR
IV, 2072, BEO GR IR TSEMRD GR »
ERDBZENTEZLEDNS, 65T, GRIZAEM
DEBEDFUETHZLEZ OGNS,

4) Glucose Releasing Load (GRL)

Ak, GREABROEHFORMETH S LT H L.
Gr20m §4bH5 GROFTFERLADES I LA TE,
Gr20m DM A Glucose Releasing Load (GRL) 2% %,
GRL ZBHI/MNETHIL I, ANTZ LI —ZITE
BENDRKMEMORETH 5.

(2) GRDIFREZ

GRIEBRICEEORETH. BROBRRPEFIC
BWT, RAMLHEICK D MEFE S 7z GR ¥ GRL
ERDBILENTES, f-T. WELELS TEMKE
D GR Abh o> Thhid, ZROEREFOHAREMD
GRAMMICHHETAZI LN TES, 51T, KEHR
BNELE FAVEDQLIICEMLTREREFDOGR
KB ZENTE, FEREICERNICES,
BEEPREHED GRL. TabbRHICHLEI B RA
{bE iR ADZ L 3 — 2 BIEDOBIF 2 fBEEIC & D .,
EEICih s va -2k k5, #->T. GRIZEMPR
AKICMOE T Th BRICELIBEREREMRT I THA
5, GLICEAL THRIESHEDY, - RHEELZT-
TW37 5V F-35—%¥d Glycemic Load (GL) (3
HEDEETAVWILEZRBHTNE Y, ZhidsZ6<
GIRERMOHEEERLES 520, ELADESZZ L
MNTEEV,ASLTHAI. —H. GRIZZLADEHT
BEThH B0, b bOMEEEICE > THEHELBEA R
BIEHNTED, ThHoDEREED. GR OBEPH
FEAMRICIEN 572 &, GR LEETHICE T 58
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RKIBEEGR 7uv 22 b DX vs—2E@h =L
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HROBERREREL. 1980 Fi3HBHD 8.3%. &M
D715%Th -7z, 2008 FIZiZHMD 9.8%. XD
92% ¥ TLERLZ, HRDERKBOARERIZ. 1980
FE DR T 185,300 TATH - 7245, 2008 i 3 %
4,700 FAIZEL, 30ETh &2 2B EICHEA-2 L
PG (M), F72. 2007 FOERERE - R
BRAEICL 3 L HEAOERF B Bbh i AL, ¥
890 HA. SEIRROMREM BT E T E 2 AL, 1,320
TALHEERTHD., 10ETH L3IFIHML T3
(2.

ABREERTHOBMY» 6. AROMBEE LF02 Y
P LREETH Y. REARMICK 5 MEE LR
NOWEL KT 5720, BREBAROBUE TESICER
T & 52 HFHEOMNARD 5h T b, ILSI
Japan WAL ER S, HITBEEARSBEHE
r & R TAERNOHELKIGETE T 5 OEARE (H
R, FARIE. +EBRRES. NBREIS % in vitro
D3AFy TRIBRIZHEL -HZREEDOE N GREDO S

18% 1 23% 1

12 1 /
ol 98 A
83 15
8 I = ;
\§§§ §\\§§:‘\§1 E3 1980
R 6 N NN 0 2008
N o AN
4 N S %‘Q\
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. R N
13 it

K1 #HRICHISBRB/BEIERGE, 2RTBMUTND
Figure 1 Diabetes on upswing world wide

o b4 TERRELE,

GR E0FERALIZAT T, REREABTLERST
BOHERRR. ARRBRRBROD L WETEIELWHLERE
BELNIFETHY., EREMICLEBHT 2 HEE I
LTw3,

RixHJEL LT H—REICEOTIHEEEER
EHEER. CERESRL 5 L HEESR L 5 AR
Ez2b6Nh7, E5i. GREOHBEFIEICONT, HE
MOELZE LT AREROA L) — =V S BE
ThBLELONE, 22T, LhERiLF GR %R
BRA1TV, GRIEIZDOWT, F—HsMNH L U0
HEOEHMEFHN, GR BOREFIEOWIE % KA T
w3,

B I, 2 H0LERLE GR HaHliAR = 17 -
7o B—EOFMARE TIX. 11K 9. 2K%) I
BT, A—0ORRTHM I AZRELHNT, £hE
h GR BEOBEFIEBIHE > THRE L. T ORRE BT
L7, Bk, gL L CHIRIh T3 EO#EE

01997
£ 2002
W 2007

K2 HACBIPERRTBES LUERREREY
DEAL
Figure 2 Diabetes affects 22.1 million people
of all ages in Japan
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FERA KEHRE UT, HIROBSREERR. IV tu—
NELT, A —ABHROIEHEE L, v b —
AW, BERBEEROGRMERZ. A—ERAL LT
WM O GRIEOZEBHRE (CV) . 10%LIANTH -

7o WHHO S BERERRIGIC BT 5 BB OISR

3. ROEBEEL2F-TEFHMETE3Z &R EN=, L
PLERS, EEROHEAREED GRIED CV X, 10%
PINIZINEZ 5T a8, HEEBID I REL- - (&
o UEDOHR»S, REhAREAMRT 5 LIk
DREBEOEWFEE K5 Z EaHiRrEhi,
GRBEOWEREFIEABERF L2245, ¥V 7
Y v gk X UBERIOEE B & OHlEFIEO & <
Za T MERSFREE LTRB X,
LEoREEAEE L. WEREFESLRERICE
ML 7= —E O FMHRER T2, BRikid, E¥Rra Y

x£1 46 BN EAELIIILI—BES GR E
DR
Table 1 Glucose concentrations and GR values
from 46 samples

men wes wus wwr 0 N mes ame (7Y
. GR

b—% p—%
w5 wm 08 gw 8 LS ® o

2% 6.4 202 227 241 265 27 87 951 9§85

e

s 3.4 36 40 41 48 47 11 51 &1

b 4 46 46 46 46 46 46 46 46

BE 74 101 1.2 119 131 132 6.1 826 838

BKE 26.1 29.3  30.5 33 36.2 35.8 98.5 1163 125.4

ZH
e 20.9 17.9 1.5 17.0  18.0 17.6 8.8 5.4 6.1

x2 400 VTIEAELIEIILI-XBEE GR
BOFER
Table 2 Glucose concentrations and GR values
from 40 samples

< i

REs mER mm wuh—z MER

PR =R b 3
205 ¥E 205 wx GR GR oR

Fiy 132 193 26.1 259 68.4 100.8 68.0
REREE 35 37 47 4.4 108 6.2 10.7
b- 14 40 40 40 40 40 40 40
B/ME 5.3 8.2 11.7 12.3 450 91.8 431
BXiE 223 249 34.1 332 90.3 117.0 839
EEHEN 263  19.3 18.0 170 15.8 6.1 15.7

Po—-n@2FEEE L7, 104888 (74, 3K%¥) ©b
WCHIE Ehi, F—RBIOFHERERIZR, GRED
CVAREOERE G -7 (R2), BE. BMREBROR
7 - BIERFOBENIC L ZBREENOHEORE. B
BHRIOBRE 2 EE2T> T 5,

<HBE>

AMREEBT 3ICH7-0, RLAkFLESIX - B
MEFRZLERRE AE—KE, AEEBREY
B ORHEEESE, CERBEMERBEIR RIFREEE.
AR e R—fL, BRHARERZIZ LY, ILSI
Japan RA{LHIREHEGR Fu Pz & b Vs —KhL
DTHE. THHhEBDE LR, L&D, LB L YT
3 N

<BEXE>

1) Goodarz Danaei et al., Lancet, 378 (9785), 31-40, 20
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BRI 32 3V BERRR. MORBARIEDOL
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A - AER. MRIZEWE OB EIE, M
EREREESREB THRBEORAMICEHD- THD,
ZhoWBERBRORSVKEBRERED) 20T 7o
A—bhBIEIRBEIAhTWE, AT, BRI
EEh3ERBRUSNORTE. RERICEEL5L S
ZERBMEINRTVWS, LB T, MAH S Rl
BRBBEDO A =X L%, ThbOBREEICERT
ZEBEHRBORBEMEER TS LT, REF¥NDS D
W ERENAEL, S DT e —FIXEETH 5,

TEEE V280 -BPrRTEEERLTHZOR
BThh., MATEL ZBREZLISrIDar T
FEL VI b TR ENS, Thbb, ERE
VOTEHIIRBED 1 DORKMTH D, ZThbd 5B
T3ZEIckD. BHRLRMD & 5 BEREHEE % ¥
flid3ZLHnTES, BEOHFTEWENL S TITHE
EFI¥NEMAEFEORBIIER L, dEXE

RHH5VEBERRTOBENOFMEIZ LWASHVS
nTw3, UL, #lEd 503y L TAME
HERMEZLELTE, 2O L LEBEORBRKEE
SR AABEENRHRLOBMICRIAELREONRH 5,
L7=h 5T, 37 uikfld TORBRITSED ILED
FE. BRI 0 BB ETORHFHRIEO L
EUERMLTL 5, THEEPE, ZROBEZNLT
BERAOCTHROTHICHT 5 LEMOHRERANSD
$¥ETHY. BETE. BREFEOELE AN
BT 2200 8BHRMESELI ATV D, ik,
Zh 5 FHli & O LA OES % T 5 2 & 25,
BIZERORERAO -5 b5, &K
T B T BREE S 5L RRRRS O
DFMIcEREELONSE, YUART v P EEDN
B T TREMEBEHTE) FHNASEOTE
ERIEZH M EOERPRHBIC DOV THHT 3,

2. —mITEOFHEE

BRI & > HREORERERE & TEREEN
B> 6ERT 5 LTk, BELTTHICRELRIT
ThEA LER (Zh% BRER] &pE) CHlET3
PRERD B, Flaid, BOEHTHENTEHS OROX
o) ==V ZEOD 1D Th SEHRAKKRER TR, Wi
WA KK EER TS Z E TEU ATEHMEEHS D
SERDIBE L UTEHMET 545, ZOBA. AW38H0
EEEEC KRN L EXBRERE L5, Thbb,
B A ARAREII RIS & A EHEMOK TR, WO
BB EIC & 2 AKRKBEN DR T HEL T GE. =
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LATHNEILRD 5N T ZhyEHZEISERT 3
LDTHHLWSITELR N, T2, FHIEBEEDT
Rl <13, SRR RARB A YR ¢ 5
EHWBZLAH DA, FELRITHOEKT,»ED A
7= CEER R EEREORE R L 254, FHL
EREFEO MR IIARE, 6 RE TS ENH 5, Lizdio
T, R AL O BEEEHMA THBORLER & &
5—fATE) (B2 ITURE T 3T ERME RN - EER
BICED 8L L) #FHET5Z LiE. Bon=ER
F— R EEMHEICERT37-2DICVERARTH S, UT
DETIE, REWN 2 —BITHOFMEOREE L BEIZD
WTHETT 5,

(1) #=7>7 14—V FHBR

B ENER TSI LA HRHICTHTE 52/
EAX—T V74— FELRER, KRETIZ. Pt 1
ICDAF =TV T4 —LFAICEE, ZTOEZLDH
MR THEA ORERZRINICER T, @I #
MICATIHLEHEES5 2225, o2 CDHRD
THWHBREHORBEOEE, BEBIUHE L —
ERbE (3~ 520MEE) ZEicikE (xa7fb) T3,
X1Tidk SESTHEREEROFlERT. A&
. BEER (WRE. W, AR T E, Rk, HER.
BiFE, ). REHERE (BRI, WA, F5E.
EEM (BREH. 15 EB8D. A0 EHT)., K
(EEME. BRME). zothoEEEE (KEHE, iR,

(B)

Animal: Sex:

Body weight:

VAE) REOHEBIZOWT, REOFESLHE %221
7t (REZ 1 H 5032, EFIZO0. HHEIZ—155
WiE—2) §580TH5, ThoDEBEIZDWTERK
BRETS> ZLickD, BYORBIKERS, BE5EY
DENEWAL RAET A Z ENARETDH 5. &,
=TV 74— FRERIE, JERICRMTHLDOY VT
LERBREERE BRE25AE4514 12hF+4T
»3) TITABHETH 55, FHESERICIFENE
W2 EFhsZehr b, ERFRIFMO-DOF
B FEEFFICEAL, BIi—EOEETHNT S
ZLWEETH S,

(2) F—IEK—-FHR
F=LFA—-FREIE, A—T V7 4 =L FREROID
ARl WX 3FHBETH 5, ARBREE L L TIIKE
CEER CAEA~162FF) ReERTF =4+ -—-TV
74— FERHG, REENTHWIRTRAL ZHRER
TEEHET S, AFEEEL . ThoBRTHEE
B OERNICFHET 5272005 27 4 & LT,
BB A - LK — FREEELARBLE"? (M2 BV
3), ARERBEEIZ, KEOHRA» 5 %EEEIC 4 2K
ERI A =TV 7 4 =L FRNTOHHOERTH % .
BMEATHRLAEIS—EFTE +S9yF VT - VAT
LETF—ZBHAOY 7 by 2 TICTHBMENT S
NThH5, FARETTHIRBEANTHUH N THER
FE A, BEMOEEL L TEHET 5. ZhE TI.

Drug: Dose: Injection root:

O

Time

Autonomic

(A)

Palpebral closure

Diarrhea

Reflex

Righting reflex

Pain withdrawal reflex

Acoustic reflex

Activity

Locomotor activity

Rearing

Staggering gait

Open field

Convulsion

Tonic convulsion

Clonic convulsion

Physiological Measures

Body weight

Body

Piloerection

Score: Increase +1, +2; Decrease -1, -2; No change 0

K1 =TV T74—)UREBRTHERTDIEE (A) CiFxRD—F (B)
Figure 1 The apparatus and an example of the record table used in the

open field test
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Digital video camera

®2 B#ih—/UiR— RERREDSIIER

Hole-board

infrared beam

Rearing signal

Head-dip signal

DV-Track VIDEO
TRACKING SYSTEM
CompACT VAS/DV

Figure 2 The schematic view of the automatic hole-board test apparatus

EHZ51X, A LA -FRRIZBTSZVY AORKRT
DS BHIIROZEXTHE. MIARIREETEN
VUUTEEVREREHEOREIZLDEMNT ST
LR, ARBEREHRAEET IRV Y VT XY VB
WHEEBEOHR S 5 L OHEHEKR X b L 2O BT
CEDBATEILERBLTVE Y, LdsT,
AL FA—- FRERICBTZ2ROZZTEHIZ. BHORK
FHOEERET 2 L THRALEEL X3 ZLHE
Zibh3d,

(3) BREEEMHATERE

ERES L 3. ABHEECRBMCER I IE
BToiral. XFE)ERGUWSAEHRNIIRTEGO
ZLeThB, - MCEHREHEEL. BAEH MR
M TOHERB LEHEZFEICL THET S22, ARWT
B OPAEABECEIESEEOREEIS OV THE
53,

RYEHRE AR RERTXFTLZHES 540
BUAKOA —T v 74— L FERVELEDTHS (F

Z1E. MR 50ecm DA —T V7 4 — L FORRICEEF X,

25 Xl (1 X#id 7z 0 HERE 10cm) 12530 5%). ZDA—
TV 74— FRICEE AN, EBREIEHWHIRICE
LThr@ABE<HEK. &30 I3EXEICAS KT
ET B, —MRIiE. —EOEOREA (5 AHEEE) 12

B B A A REEAEGEHIE U, T OREE BT ES
EUHOEDOIIEL §5, /-, BAETIE. EEERD
EEMRPEEM A ED 572012, BITEEEEE HBN
CHIETE ARBEAMEHT ALY (M), EHE
FEARERETICLIES B L T, H&aisicE
X ¥ -B%OBIESEES*. BREGHEEOEFEL L
THIET 5, 7. RRRICHAREL VS BE RS
37290, BBRFETEINTWSEF— 47 — VHATORA
EEEMERETS I b5, WIS, vy AOBERE
Bt RBEWOPKEBEHOFEE FHIT 572
DOERALBETH S, 51013, HBHIEREE L
THEREIC KT 5 BAnES)EN & 809086 L TREKN
CHIETAZEICED, $¥=—HTF 47V ) XL EFHET
5ZLETRETH 5o

(4) O—40v FERS JUVRBESR

BYOHREPBIETREICED . BYOEBBREICE
AT BT ERELL kv, FHUWLESRFITHIRIC
X ATHERTHETE 52, BB TOHEHNARTHE
I EEIZONTIE, 5 »DOEENEREEZHWT
ERICEHET 5 LB D B, TORENLREREL L
Tu—2uy FREAZETOhS (K5, KkERI,
—5ED A ¥ — FTHERT 5 A0 I8P % Rt iRl
IZHTXRBEDTHY, BHERIDLOIIEEITH> 2 L
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(A) (B) (©)

Head-dip
behavior

Rearing
behavior

Rearing behavior Head-dip behavior
(D)
[Resuits)
Items Total (300 sec) 0-75sec 75 - 150 sec 150 - 225 sec 225 - 300 sec

Moving duration (sec) 107.9 337 26.4 252 226
Moving distance (cm) 2391.6 754.8 589.7 553.1 493.9
Moving speed (cm/sec) 22.2 224 22.3 219 219
Right turn (counts) 225 60 54 66 45
Left turn (counts) 178 50 46 41 41
Right wheel (counts) 2 0 1 1 0
Left wheel (counts) 4 0 1 1 2
Zone crossing (counts) 243 75 58 55 55
Rearing count (counts) 30 6 4 7 10
Rearing duration (sec) 341 T2 9.8 8.2 8.8
Head-dip count (counts) 38 6 1 14 7
Head-dip duration (sec) 27.8 43 8.4 10.9 43

3 B#R—I/Lih—REBICBVWTYIRADRIILE EDDITE (A) BRUOTNDZEEITE) (B)
& BoNBaUE (C) 8KXUT—% (D) O—4l
Figure 3 The rearing (A) and head-dip (B) behavior of mouse, the locus chart (C)
and an example of the data (D) in the automatic hole-board test

—— Bromocriptine (3)

(03 —— (10)

(A) (B)

' AR TR

:-;K".a..-a ;

60 30 0 30 60 90 120 150 180
Time after injection (min)

*
z 12000
E & control
g [d Bromocriptine (0.3)
3 Bromocriptine (3)
8000

E3 Bromocriptine (10)

4 BREEHEMHATCHBROES (A BXUB) & RN UZRAEEE (TJOTEIUTFY)
[CLDERSNDEEEFEEREDR (C)
Figure 4 The experiment scenery of the measurement of locomotor activity (A and
B) and the dopamine receptor agonist (bromocriptine)-induced increase in
locomotor activity in mice (C)
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TEHWIIBEOBEEICHFAL TEH D I e u<HTT 5,

LA L, FERECHIAEOREE. b5V IEEFEHD
MAEAE U TV B EA RO L2 S FLHHTETIC
HEFLTLES 720, ThiEBREEOET & L T
T3, 7. KWEITH T B ETOSTES I E
BERBZEICED EETBEZ RS, ZOBKEFIHL
THEBEPOFMETI L 55 Y,

(B) Evaluation of coordinated
movement in mice

(A) Roratod apparatus

M5 O—#0v REBREE (A) SE8RAS B)
Figure 5 The apparatus and experiment
scenery of the rotarod test

X5z, w—2uoy FRERICMZ T, v ADHEFHHE
AR S 5 X D fE L AL L TRERBRSET O
5, ARETIZ, K25 20ecm BEOEHETYY X%
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ARER T, FHCERAEOABEORITITEL TV 33
ik Tdh %,

3. PREETHOFMEE
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EFRINBEA, DTG RRAIEISN T 5 £ RO BEID
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FETI ZEITE D ABNICER S EBHRICZ A
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(1) BRA+FERBEHR

BEX+FRERERIL, FWHLARENICET S H0
ZESWEERTE L . AR EIE & ks B [EET
#HEFPELZ, BE—EEREOI Y 7Y 2 PETLTH
39, EEEEL LTI, K25 EMEICRED 2\l
(F—=FvT7—20) LEOKEWEE (JU—XF7—24)
AR EE D EHVS (X6). KRBT,
FItA—TvEBLU 7 - F7 - 2 N\OBRARKE X
U7 — A TOWHEREEET S ZLickD, BYD
AREVRLEZFET 2, Thbb, BELRL BRI LR
BOF—T V7 —BEDAREBRLIXELEE AL 5N,
— MBI LB, A — TV T — ANORABREAS
L WERBLEY, —F., fIARELEDARL & B
XEAWEERE SN T, AT VT —LN\OR
AEAZ < 20 HERB LR 55,

(B) Access to open arm

(A) Apparatus (C) Access to closed arm

M6 EFEATERBEREE (A) CEREAS B
KU C)
Figure 8 The apparatus and experiment scenery
of the elevated plus maze test

(2) PAREEIER

HEEEL L TR, H3WEHE (AXE) LRTOEE
(REXE) O 2 XETHREAD Ry 7 2&2EHT5 (X
7). BHIEEERFEENZ HHICIRR & B 22 BW28 i X
ICHHET AR A Zh ThEllEL. ZOHIGEMEEE L
TARRL N & FHiT 5. BYnd LR/ ICE T 2 4F
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Dark compartment

\

Light compartment

Apparatus

K7 EESAREE
Figure 7 The apparatus of the light-dark test

(3) Mt X b L XEHER
BRI AEARERT S L ZORORIE Y -
ML, BICEHBIL Z2RICBE,L N 2BIRER L 7228
MCESVWBHHZ b L ARIE (REPHS D) %
253, AROBRRIHYTLRDON, HIBHET
Bl ES L on-EWiE. BERUCRKICRESE
h7-5B4a, BiftBEEIEEL 2 < T a0k

Conditioning

Exposure to electric foot shock
stress stimuli

24 hr later

CEDSOWEBITBHAERT. BMHEGT 2 LR
Bix, 20L& aBRMERICcE OB TRET 3BT
BHERALZAROFMETH 5, EREEICIIKE
CERHBERHAOS Y v FEERL-EBRRY 7 2
ERHW, RBREBIVF4vasvIeETFAtbD2ty
VaVTHRENS (K8, avTF14va=vity
Va VY TREMEBRR Yy 2 ZAWICAR. —EDZRHE
THEEATTRE 2 BEHE 2 AF L TRENTET S,
ZD% (GEHEIZ 24 ~ 48 BRR) DT A by Y3V
TRIHERCERX y 7 2ANIC8HWE Ah, BRI
EH5ZBVIREETY Y 20RT T ATE (FRIES)
DAAoHE RS sVEHREDOE FHKETEE
32178) OWMBKEEARIET S, < ATENE. BE
BEREA S ATV IHNAREOHRETHRIZEN S &
6. AEREERBMTIEHTHDO1>EEALH
Twad Y,

4. @15 OREITEIOFHEE

5 DRER L BRADELRARBKRTLHETH D,
HEEAETELODAPRET 2D SN-BETH S,
L2L., ZOREMRNEEDEES L, HIEEEDS
Ok EDBBBEEDRIEIZ DA S, 15 DIEROR
JEA I = X LK ERALEAZ 0, FEAFERD 1
DLLTEREA ML ARENAEZIONS, LEA->T,
B S IEREEC X BB FEBEL T, BADZ b

- 7
Test

Measurement of freezing time in the
same compartment without being
exposed to electric foot shock stress
stimuli

8 IMFEHTITRANUARBROERESEERATI21—)LD 1 6l
Figure 8 The experiment scenery and an example of the experimental
schedule of the conditioned fear stress test
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(1) BEBIKKFER

EEICIZ, HARET S I BN TE AV AEE W
%, KNI TEYEHIAKE AR T2 L. ok
TEO®%ICEHTE (KELIcEAZTGEHL, FEAE
EEATZERLFOTWEIRE) BB OONSE, 0D
24 Ff%R (BAVIZZh ERGR L 221%) ICHEAE
WiCBE whd e, 1EHOERKELD § FHICES)
TEINRBT 5729, ZORIHTEORGRHE 285D
BRATBIE UCaHES 5 ¥ (K 9). B LA RD 5
NTVWBRFFOH S DN, KRR THFR S h 2 EHIT
FrREMNHOARICHHIT 2729, SEABRWEOH

IORROBBICERHEZE IO TS, 72, K,

KRB BO THELZ L 35D, BIfE. REFEMX
NTWBH S OFHEED 1 D Th 5, HEETEIIEYMA
AKbErh A 5 DRk A HEE L -SRI & Rk T 5 & R
ENTNBR, ZOREA A =X LIZDNTEKRERH
BRMBZV, Fiz, BEFTHORBFEIZAKEADOKER
CIRTFELCENT A ZERHIO N T Z 6, HBR
B TAKIRIE—EBIROVBENRD D, ik, PIKEE

7 = <5
{ Experimental schadule Drug 1
i treatment i
Measurement f
| Forced swimming of immobility
| @ TASMIN) o priater  time (5 min) |

.

Cylinder filled with water immobility

MO sEHAGKRBROERESEEBRATI1—)LD 14|

Figure 9 The experiment scenery and an
example of the experimental schedule
of the forced swimming test

OG5 u ETAREHEELSTUEL RETYE, BH
O EEBTE S SR EAB T L, S, BIEEL
7= B REHERRERBRIC L0, ABRWEL B OB R
HEEEHIC3REEEA LW L EMRAL T TR
HETH 5,

(2) BBEKASER

RREARIT, REIKKRBRIED L ZBERICEI N
T, v A0S ORATE 27§ 5 ke L THRE
N3 DTH5, v ADREZABRKENICREL 1215
CEZE LY ORETHS T L. EETHORICEDT
# @RS TESTA-TVZIRE) 1EDEID
728, —ERRHETBIZERD 5 h B EWENTE) D FREBURER & H
5 OB E LCEHEi$ 5 ¥ (X110), s@miAvkaER L
Rk, ARBRTRD 5N 5 BEBTH L. EREWH R
BINBRED 6 OXEEE R L 7-HEREE E®RT 5
tneEZ N, BREAWUSRD 5 TOBBEFD
PO OEIZL O REN» ORISR S H S,

N

Measurement

Drug of i bility
time (5 min) |

Apparatus

Immobility

XM 10 ERESROZBRESREERATI21—)LD 14
Figure 10 The experiment scenery and
an example of the experimental
schedule of the tail suspension test

(3) FBMHEHHR

MRS L, ML & ONC B AR T RE e B
A bV 2RI EER L BYIC B WTER SN D, BE)
Ay EDEE - Pkt I OB & FL A & U CHAR & Tz SRl
ThHb. FRROFTHEBZEBEFET 525, AR T3
e —f e, REICERRNBAGHEDOS Y v FEREL
722—aVN=F AV MUy PRy 2 2 EHWELE
WZDOWTHEH T2 (K 11), £9. @I /8= b XV b
MAEBBTEXLZWIRBIZL2Y v MUKy 2 2RICE
AN, REATRE A BRIMAE AN TS5, £0 24 I
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XY MY B) TEB X UWEE (BRI E 2T
R TEO T Y S— b X Y MCBEIT 3) fTEOEIEK
FHIEL., ZhoMmfTEIORELM S DORfTEI L L TG
fi4 5%, ARBROFEHIT. EiLL -3EHIKKAR R BE
ERER L IR, BB 28O - dhE RGO
EH, I OEEERERE TSI LICX DR LD TH
BEXNBZEI2HBY, DT L, WO OEDBEED
BRBEIIEHNLRHAALETH 5 L DR FEEL
—HRML T3 EDTHD, & MIkiF 35 DMWIE
VRIERRB AR LIS DET L EE AN S, L
L. EBROFHE 1 EMEL -, MBEOERBICEEL T
b BREDHESBEL K5 5, "

2 min acclimatation — 5 min tone —

Training (30 sec interval, 30 sessions)
— 1 sec electric foot shocks (0.3 mA)

| .
k Learning of escape

ﬁ 24 hr later

[Condilioning session (two consecutive days)J

avoidance response

Inescapable electric foot shocks
(0.3 mA, 4 sec, 1-15 sec interval, 180 times)

K11 ZEUBRNEBROERESERBATI 21—/
@D 1 4l
Figure 11 The experiment scenery and
an example of the experimental
schedule of the learned
helplessness test

5. ¥& - EEETEOFME

FE R, BohEREMKICERL, S5I1F
BL 7= BRICE DO TH - A HEGRPREREET D 20
DEELMKBE TH S, /7. BIEICREXI IS
- B OREEFIL, BEAANIEBHADI L, H

HDA4DHEAEFICE TEAREEEE L1267, B

BAEZHEERES AL, RAEAXICDLET ¥
B CREEEEIRLORESBEL TS,
et O REIC & 0 BL L 2B 213, NROK

B - REEELEMELA L &, Y - EkEE BRI
BT BhkA LBEEZERDICLTVS, LT,
2 - R EOREMIAR AR T - REREDHR
3. BROAEGRIEHRICHEEONAHELRETH 5,
ZOBREEFRTHZ L AN E LT, HEBEMROFES
TREMOEE - TEBREORETCFY - DERE I
L THEE R E R TLAWORIRITE L D3l R 2 5
LRI TS, UTOETIR, RENLEE - &
REETE DGR (£— Y ZBUKKBRAER, 2800
B R ARER, AT ABR. FAERERER) oo
WIS T 5.

(1) E—V ZRBIKREEHER

ARBRIT. ERFOZBERE FA20 & L8O
EETEAFAL . ZRTEOFMERTH 5 0 K
BEBLELTCEHWLrLR ALK ICKE TS5~
10mm IZBEA TS v b F—22REL - KBEOME
T ERG, TV ERELEREICL, BICHE
DEFARKER D —2FETA Ty TTHEE, 2
MR#HDOFHIr O L a2 EHREAR TS (X 12), B
FHIERT & 7o — TRIT TR E B A, FIEERT T
. BME Ty bR LDORBEHEEREUEL L TL S
HLZERBO I XBELDKEIZKHS, 77 v bh—4IC
BT % TICET 2 ERFHEPLEXE#ZET 2
(REDOEBNIZT T v bR —AICEETE L5727
v AR, EBRENRT Sy bR -LICHEETS), Z0#
fE2 1H»720D3~4M#EDERLF—ZLT7~10H
MEETSZLI2&kD, Ty bA—LICEETZET
BT B kIR O PR S M T 5 T L A - &

Visual cues for
spatial memory

Experimental room Morris water maze

{Scundpreof)

K12 T—UABKKERHARDORERRS
Figure 12 The experiment scenery of the
Morris water maze test
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(2) ZEREEFTHR

AABRIZ, BYBRECGI A FOEEE, —ERERL
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Al TH B T, EEREEL LTCIE, K 2XET
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REhd (M13), bL—=VvFty¥a vy TS
PAXE I A, ByP 23 wEIXE I FEE) L 7= & [ RE 1 28 5
BMAEARMT 3, PL—=v vy v g VERTHR., —EH
Ml GEEIL 24 BER) BBLABICT A Yy Y3 Vv E
Efgd b, TA bty Yz VTIREEHREIZYY X%
AN, BEXEANFEE % £ TORM 2 KIBHER & L CHl
ET B, ZDORIGHEROUER D BREREIC X 5 [T
HTarn, ¥E - TROBEL &5, KRBRORFEIZ,
R, BREFIOERED3ISDEE - I uvzzh

THICHL T, RBRUWEOMREFMMETES2ZLi2h B,
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RBEWE A5 L2583, ThZhERB K UHREC
AT ARREFMTH I ICAhB, —F. RBEWEE T
A bty v g Y OEBHNICHES LRBAE., BRIy
ZREFMMET 52 &2k B, k. ARBRTRIEHO

Training Test

Exposure to electric foot
shock stimuli when mice
enter the dark
compartment

Measurement of latency
to enter the dark
compartment

Apparatus

X 13 ZENOHZERABRREERBEATI1—/ILOD
1 Bl
Figure 13 The apparatus and an example of
the experimental schedule of the
passive avoidance test

BRBIEDOZ S EBRRERICK E LB L RITT 79,
ARERME OB G1Z KD By OERRIEI 6 5 (MR
RISHZERL LN L &R T2 UELH 5,

(3) HMHERRIRFR

ARER L, BYIORETE AL - XKRETH D,
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H5 W, EEREREICIZIR 14 1SR &S & 8 HAKEHIR
KEEEHOE ORI TH 5. KRB TIEFERIZET
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H&»720 10~ 1550, £2TOT7 —LDEMHIEF L &
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Uy bEEOVWEXRBNIZENT, BIINRETOEXL v
FERDRZBD, HBHVIZ—EREBE CGEEIZS 4R
) B2 TOTHE2BETS. ARlBRIZI 1L Hb
D1~2&RfT. 7T~ 10 HREICHAEDEBL, —BEEA
L7z7—LICHEAL 2O (¥R %) <.
BERL y PEBVTWAWNT — AIEA LK (B0
Ly %) ZHETS. Thofeiales — Kk
FOSHERT 7 - BaRENICEP T2 L%, Th
ZThZEMfeii & 2MEROEREE T3,

(Approximately 85 % of normal body

L weight)
S

Explore the apparatus (2~3 day |
(Food pellets were located near the
. end of all arms)

-
Dietary restriction ]

/Exp!ore the apparatus (7~10 day)
(Food pellets were located near the
end of only four arms)

Working memory error
(Choosing arms that had been visited)
Reference memory error

Apparatus

(Choosing arm that is not located

\food pellet)

M 14 BEHRRBHBREBEERBAT I 1—)LD 1 4

Figure 14 The apparatus and an example of
the experimental schedule of the
radial arm maze test
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Preference for novel object %
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Figure 15 The experiment scenery and

an example of the experimental

schedule of the novel object
recognition test
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the two same objects
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D —H—IZRIET SDA # 4 ZHMORR %735 7=
B, WL O OBEERBENHR T T 5, 03]
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k& SDA £ 4 xR/ MNIRRBR» 5B o0
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Food Applications)
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n-3) i¥. ALA OFRAIMHLIZ & - TH S W 5 hRHE
BT, EPANOERHER ALA KDEV, £4 XU
AEIALEER, BEANICIZA6E2ZA 157V F a2

T-EEYATEILIZLD, SDARGHETEH4X
(SDA X4 X) 2RI EILHPTES, £LTSDA
A X hOREHL-HmEERT L, & FHMEND EPA
EMNHEMT 5, Akoh & Vazquez 237 - 723 #7 (Akoh
and Vazquez, 2011) # 5. SDA &4 XD IGRHRERHE
BHLRICE-THE (R1 % AN3),

&1 SDA &1 ZhHOBERBRAERL

Table 1 Fatly acid profile of SDA soybean ail
51047 3 SDA ¥ A X | HERODO X4 XM
Wt % (1) Wt % (2)

2L FUE(16:0) 122 11.0
RFT Y E(18:0) 42 40
el 2 ‘/@(18:1 n-9) 15.9 23.0
Y ) L EE(18:2 n-6) 24.5 54,0
Y 7 L E(18:3 n-6) 7.2 ND.
v/ V‘/@(ISS n-3) 10.8 8.0
ZF77 Y FUEE(18:4n-3) 237 N.D

1. Luis Vazquez and Casimir C. Akoh, ¥ a—Y7K%E (RBRT—F)
2. Wang 2002 ’

n-3PUF As DGR # BHFRFRO A ITIREFT 3 DI,
BN SR HER TR L VI HTARRSS S, ZOMA.
SDA # 4 X3 g o L o mBREETH D,
BRICHEINT %5 Z & TEPA OEESIRE» B3,

AN EB D, MYz &EE 5 n-3PUFAs iX ALA
THO., £4 XMW, F 232, BEmECHE EEAO S
BRAEFoh3, Zhoomid, HRORKEEL -7
D, FEREPRAEHELEZDTEILAL. BBICE
REMRE LCRIMT 5248 T2 5, LA L., #ER
TORIZO>VTIE. B FOENICEIT S ALA»S
EPA OZEHBHELE L K1,

— 5T EPAREDORHLMAMME®R (LC-
PUFAs) . (ALA IZHRT ) @RI TO & 0 &R
BEHFETES, LALASS, EPA%#&LHERRIC
BMUZBE1E, BILPBER 2 EOMEREY, 25
L7258 C, SDA & 4 XX IEE VR RICHRNT % 5
Th o, FEIC EPADLBREDRAEBOAZ Z & h
b, AN —X%&/)37 VAR ML TWEEEA 5,

4. REDRICEATIHR

LC-PUFAs DR R . 4 &V 7 D GISSI-
Provenzionne E§PREABX (1999) DFELFHERR. 7
DO FTELIFZE (Kris-Etherton et al., 2002) #i3C .,
ChETBRSBE I TEL, £/, UL OHE
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(Yokoyama et al., 2007) =k 3 k. SME EPA 1A
B 5 KHEERKRAR [JELIS (Japan EPA Lipid
Intervention Study)] {2k 0. EPA ##i§ 9572 T,
DHA ZBHMEICAH L A< T8, DMERERDY 2
SEETEREZLAHREI N, BE BFFO
SDA DXIREFIMLT 2T U 7 ABERERA TS,
1 —ALZ50HE (James et al.,, 2003) 2k Bk,
TFNLITATNEID SDA & HWAFRIZL D, SDA#
HUZ &k D b MERNO EPA EXNMINIT 5 Z L MR X
iz, ZOMERHREFBELLL I A, EPA LHBL
72 BEOMNIRIIN 41 Th o7z NV ABILHT
fTbh =32 (Harris et al., 2008) Tix, EPA B XUV
SDA # 4 X1 (SDA 20% &4) #5, KIMIKIZHT 3
EPA 5 X U'DHA £ (03D KKRITTRRELEL T
5, AAHF 34 VvFvrx (03) &, BEEHEH
BESIhoke— =T, DIERERO) X 2 i
ELTHWBZ LB TES (Harris and Von Schacky,
2004), BEETHE1™MEREART VT4 THERE &

SDA-SBO # (1 H% D 24 ml. SDA Y 3.7gicAHY) &,

1HY%0HW1 gD EPATFALIAFALHRML 2BR
DX A4 XHFEEL., EPARMNE LORBED & 4 XH#
CHERE) D3 ODOFICEMER/IZEHDIRD. 16 8EM
Zh o TR AT - 288, 33 ADOKEE (BHF 11 A)
EXLTTE b VAR AT 5 2. RERBEAAIRIC I
X, 031 @ F #3 4# 1X. SDA # T 19.5%. EPA# T
254% LH L7, 72 EPA #H%¥L L4, SDA
X, 8 17% O THRMIKMIED EPA % BN X #7z,
Zhickb, SDAZBEIZEOL {4 XHiE, 031 %#F
Bz ERXB5Z PR NIIE S,
FVREDOMZFEE LTiX, Lemke 5 B BEEERICE
WCEBLRE, 7Y FAMETEHERT 7 £ AR
»F5N35 (Lemke ef al., 2010), Z DHFETIE. 252
ADBEREOHERE %, 3 DOLBEROOTAL»ICESE
BizElniRy, 128BICHE-TRBRET o7, 32
ONBEREE T, O1HYSD 1 gD& A4 XA T EILAN
MmMAi. 1HMD 14.7 g OWEL 4 ZHERRISIRALT
#E (NHEFH). @1H%D 1 gD EPA » 7 AC

MA. 1H%Y 14.7 g DS 4 Mm% E5 (EPARD).

@1B%D 1 gD&4AMH 7 FCMA. 1HED
147 g D SDAZBEIZEE T 5WEL 4 XM (SDA
42 gizHY) 25 (SDA®) Ths. HFEEIL. B
HBOREIZETB3MBOMORDLY & LT R L =84

BROMAZFERL 7z, HRE. 1R TE)Y TH 5,
ABRBARAIFIC B 5 03] OFEHER KRBk D EPA &
BB, ABEBETIELASESE, >, LAL,
ABEBRRAT 12 HE @ 031 ffiid. EPA# B KU SDA R
TREBEERARGhzDIZH L, WHEFETIIERL
B olze TOOED EFIZ. FKitkh D EPA &8
BESEMLZZEick3, EPAICKT 5 SDA DM
2L, 18.3% (JbTHRDT L 1:65) Tho7, YEd
5, HEERTSAEMICSDA F4 AWERMTEI L
T, IR ERTALELLNS, /. O3EHOE
fbix, #50ER I UCHEIZERL. —PEERNZHS,

1g ALA 1g EPA 42¢g SDA
1g ALA 16g ALA
%* *
. ST
:
4|
&
w
® 3 r
@
° 2 | 0R—25 4y
w1288
1t
SAX 3 (AW EPA (SRSRR) SDAY 4 X#
HEE 157 AOFYE (RRBE (SEN)
*P<0.000 A4 Xl (HEE) LOHE
SDA B & EPABYCIXAEELL  p=0.585 ; SRR (ANCOVA)

1 Z XA IEMCKRITT SDA BLU EPA DR
Figure 1 Effect of SDA and EPA on the
omega-3 index

5. B&ICHTS SDA 414 XHDFA

n-3PUFAs #&REME L UTRIHT 2 BROSKOM
BT, BLRENETH S, BHROARENE. Thb
b ZEHESORAHMNT 5icoh T, IRERLICT S
BREUPREL I, S, BROBERIZENTY, £
7= BER O SBEREER T S, BB E MR 2 O 2 HEE
IZ% %, FD7%. Frost & Sullivan 423 EEHE L /=
k512, n-3PUFAs 2 BEICHHL-AR L X, £2H
BENEIEEHITCELT, 2OFAN=-XIIRASL
NFIZn3, n-3PUFAs 3% 7Y X v b B TIRELL
BREAFTCNB0D, v—rF 4 VISHEE, OHER
ERTVB KD, HERE. ARLBEC TLNERD
BELIEETSIELAYEATNS, SDA &£ 4 XTHI,
WBEMEROMICIANBILREE S GV, o TRM
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X —=H =12k 5T SDA &4 Wik, EBRR WE R
MA##H4LbHIIZ. LC-PUFAs DEERFEZIRZHZETE 3
JRMRE U TRz BRI 2 R 28 D Th 3.
SDA # 4 ZHOBLIZ & 32 HEICOVWTE., FHfis
frbfi T b, KERM{EZ2E (American Oil Chemists
Society) 23R4 24— 7 VEFEAER (AOCS, 1997)
ICEDHDOHBLAETE L =R TIZ. B4 LBILEHIEA
THEL 72 SDA 4 X% 25CDRE CRHRMICH
oo THEF —T VICEE L. i %17 >72. ZOFE
T, 2HEE2EL T, BILEETDH 28R LY
(PV) =2 v IR fTbhiz, MO PVREL LK
MUY 2B R E TOHBITFEH & MEh, 208
EME S LMOBLATEICET L. R LTHAT
Eklkd, ZOMADOHERIZ. R2ITRTHEDTH >
2o BRAMERTALHEHEIATWE 7TV BOAER
ML 7= SDA & 4 XWiDOFEEH L 50 H T, B{LpH Al
E—YIMA T\ SDA £ 4 XD 20 A & N TH
BRSNSz, ThEZBOEHBRILATS 5 t-
JFLe FuF/ v (TBHQ #%#fETHRMTSL. 3%
X E 51k &Y, 250 HZE k@572,

25°CT TOAR{LHER BN

HoIn

SDA & 205 B AT IH (XM, VT MEBM

- SDA & 208 8T 55 X3, WIMWIL
1 | |
0 50

100 150 250 300
PVOBREM (B8]

2 KRAEHME{ERITUIE Uz SDA 94 Zhhid
2l &P
Figure 2 Peroxide value induction times
of SDA soybean oil with different
antioxidant treatments

7z, JIMEEALERRERICK > T 25C THE
L7z SDA #4 X & HIRD & 4 Xl & % 8 5 3Hfi
tirbh/, 3 ABROKERT, &FiL/RREE ICH
WT SDAH VY TILERIRD X 4 il ORI TEW I X
. WHELLAKEEIZIS KAV DA r—LT1E
IEEITIED 5 720 SDA XA XY Y TAp5idbTHh
ICEBROZEL AR X W= s, FHEIZRIED 1584 ¥
AT —AD 1T, B EHBE IR AR WL
NLTH -T2,

SDA &4 ZiE. RKRIBIKATH B Z L5, &AL

WHBZICHHTZ 2TaeEr d 5. BlA X, LA
(?=HVY/ ATV yF, Ya—t=vy, w3 3%—
X HIFFVy VT, E—Foyung—xl),
Ba (I—sntr, EWHEZ ) -4, 3T -2 -4,
T497, F-XEBE), KR (Z46-Y—, GA. Rt
TN—VEREEL) . NV -BEFE (3. 29 F—
SOT9H—= T4V, R=T, R —, F—
FUNVTAN— ZIAF—N-KE), ARKALE
m (A=F V-2, BELLE) BENEZLNS,
SDA #4 Xz AW 8EEROREREHEZL. A
R BERFR. oIk EELSE L OHEEZ
BHICH TS SDA 44 AHMOHEAFHML 7=, BED
FRIRAABRICHED &, HNZEHESL n-3PUFAs & EPAD
HRERELELEZERICAN. 1RBYU DO SDA ERE
HEfE#% 375 mg & L 7=,

—flEeLT, TA=Y - FyVYADT T ) —F)N—
(32—XY—=s—) 2RMEL. SDAFA & D
n-3PUFAs O#HGUE & % [l - B/ L 7=, Bk,
RD &4 ZiE Wz, MEELa—-vv oy TOR
BEELNA VA= a .y FITHEMU=%., Y T
EFIFATN—=V Iy I RAERALE, BALEZZOD%E
Y—MRICHIEL, By b LR B Sy r—-icE
L, BRT122ABREL =, RIfELEYS5 -5
NW=DENZTNIZDONT, JIEBALZERRES T
ARHYEREREIC & 0 Rk - RRICBITARAAEEHB L LT,
RN EEFD LR, HK 70— 0EBk, ok
HE., HLE, BRICOWTEHMELZERL 7=, -,
B AR FHYIRR & T O HIRMESE L TiTbhz, X3 131k
RICET2RBRER LD TH 5, WEY - HEHBR
OWMAERML =4 v I iz o>nTid, 92 HBEMUEIRS
LEABRTET, REBRIKREZTIILNTELEL 5
2o D, TH6DH Y T RIZOWTIE, 92HAH
DFEREHXITRA L7z, SDAXA XWAERML =% v 7S
NDFHARDEX 1T, WHHE LHHRO & A4 & O
TENH AP o7z, EEREBIZ. ThZho/ N —0FF
liFA AR 2 5 D RBEZELDE AR VIZ DOV T O S
7572, SDA# A4 ZWMAD/S—13, 12 A D SHERE
MR TRICEWT, REZELOEAVWHERIIRLD
Lol S EREE ST,

SDASX A4 A MAEEHRTHAHENERHELT, &
V—LZA=TF, WEZT#HH., 75V 2 TN Y —2—-,
G=FMb, I—IR IR, T—V - Fy VAN
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7)==, BHiZ60%D~Y—H) Y24 TRXT
Vy P, v3x—2uEdkfEEh T35 (Whittinghill
and Welsby, 2010), X4 IZ&E&MICETIHEET
BUAERRLUZEREZEN L, WThoGa s
ZFTOEVWHBRI K3 E=4 —-REETH-7% (35
~60%. HADRBRICK->TSMERIIRLS), £
=2 ) VS RBRERICOVTHERD £ 4 XiliE AT
fEo =ML B L, 9K AV F OBIFRE (1 2EE
IZBR, 9 AREICEFE) ZHWTRERNLELE, &)
Bk, HDEFML -, RBRICHVWEZRERIEIZT. Th
FhESVENEL? GIHB L TICR 3 L BE I h 5 W
SRTHEAZRAL 28I, Yy T LTiLE, 2
DRER, 2RNLEFEICEREZRIROhAr»r 5T,
> T, SDAMIZHAVWZEME, HHORME DI
BT, HEEZAUVSFAEFTH L I LRSI,

LHNEEERAK—12DARR

7.5
5.0 5.0

Al RABIOVTIZINAEDERERLE:

15 RAVRRT—IL

3 BLEA AT 3 mAtERZAVTRSELICT
=Y - FyYAUITS /=S /)\—D%{LEEE
BE
Figure 3 Off flavor intensity of fruit and nut
granola bars made with different
sources of omega-3 ingredients
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- 7 I » o
N 4 5 "

o » @ B SDAXAXERV-BEES

X4 SDA YA CHZESOEZERRODEEERA M
Figure 4 Consumer acceptance of a range of
foods containing SDA soybean oil

6. i

n-3PUFAs DR 12ME S, ZOHRICHTS
RBAREDOOHBICEMDL T, HAEBOHENERR
KEBATOHIRBEREICHNEVNE $TH 5, BRIEMAE
EN T3 n-3PUFAs GBI IEHR ICRILE AP T
7-8%. n-3PUFAs # &H 7 2 B& A - SEREEHE
DETHRENRE L, BfFSAZIZEITIRIIL Tk,
Z9 L72EEIX D, n-3PUFAs FEAREO H 7= 2 4G TR
HBRDENTVWBHFT, ALAD S EPAICESBRED
hEREHEM TH 5 SDA M % 20% GBI THIRA &
A ZORFENKINL 7=, BREEZNEHEIZELD,
SDA %#HUY % &, Al D EPA 238 ML, O3I A
ERTAEEES S B LS 2B 572, SDA K
A ZiE. JRBEASKIA TS 5 Z &2 SiRIAVESICHIAE
T, LY BROMERLHARBHEICHEL RITT
ek, F-HEEREMHICBL TS, SDA A
XA FAWZERETRO & 4 Xz &5 E 36
FEThHBILhRENT, lbaREA2 5L, SDAY
4 X, B A — 7 —»n-3PUFAs 2 56T 5B
FHBEH IR T 2 AR LT, FETHS L
525,

<BEXW|>

1) Akoh, C.C. and Vazquez. 2011. Unpublished data.

2) AOCS. 1997. Oven storage test for accelerated aging
of oils. AOCS recommended practice Cg 5-97.

3) GISSI-Provenzione Investigators. 1999. Dietary
supplementation with n-3 polyunsaturated fatty acids
and vitamin E after myocardial fraction: results of the
GISSI-Provenzione trial. Lancet 354: 447 - 455

4) Harris, W.S., Von Schakey, C. 2004. The Omega-3
Index: a new risk factor for death from coronary
heart disease? Prev Med 39: 212 -220

5) Harris, W.S,, Lemke, S.L., Hansen, S.N,, et al. 2008.
Stearidonic acid enriched soybean oil increased the
Omega-3 Index, an emerging cardiovascular risk
marker. Lipids 43: 805- 811

6) James, M.J., Ursin, V.M., Cleland, L.G. 2003.
Metabolism of stearidonic acid in human subjects:

comparison with the metabolism of other n-3 fatty
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acids. Am. J. Clin Nutr 77: 1140-1145

7) Kris-Etherton, P.M., Harris, W.S., Appel, L.J.
2002. Fish consumption, fish oil, omega-3 fatty
acids and cardiovascular disease. Circulation
106:2747-2757

8) Leaf, A., Kang, J.X., Xiao, Y-F,, and Billman, G.E.
2003. Clinical prevention of sudden cardiac death by
n-3 polyunsaturated fatty acids and mechanism of
arrhythmias by n-3 fish oils. Circulation 107:2646 -
2652

9) Lemke, S.L., Vicini, J.L., Su, H., et al. 2010. Dietary
intake of stearidonic acid-enriched soybean oil
increases the omega-3 index: randomized, double
blind clinical study of efficacy and safety. Am J. Clin.
Nutr. 92: 766 - 775

10) Wang, T. 2002. Soybeari Oil. In Vegetable Oils in
Food Technology: Composition, Properties and Uses.
Frank D. Gunstone, ed. Blackwell Publishing Ltd.

11) Whittinghill, J., Weslby, D. 2010. Use of SDA soybean
oil in bakery applications. Lipid Technology 22:203-205

12) World Health Organization. 2004, WHO Report:
Global Burden of Disease.

13) Yokoyama, M., Origas, H., Matsuzaki, M. et al.
2007. Effects of eicosapentaenoic acid on major
coronary events in hypercholeserlaemic pations
(JELIS): a randomized open-label endpoint analysis.
Lancet 369:1090- 1098
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EERTEHAE

SHFHNRIDORERXERRNINMOREEHE

g B

1. IUBHIC

. ESENEHROEEIC & 5RO SR
Sh. WEERBEEEEOBL S b RAEICEVELE
RLTVS, bAETRER 1557 HIcf S hif

MBREEREOEROREWHRICHT 2 EXEIOT,

HWEFICERZEFARL/REBE I . BRI L ED
REMFM AR X T 5, BRENYRRECEY
BOREEFAL, BIZHERR L PWEROER L H
ICERME S T E 72, BOR CRIMEENMEBET — 2 20
BRLZ=T Y ¥ a—&— &Nz in silico B RAL N
T3,

FEHENBREZOBM (Threshold of Toxicological
Concern, TTC) & X, 2 TCOFWEICOVWT, %
ORMELU T TR » 2 BEXEBIZVETI L O
BBEREOREII DV TRNEHEETH 5, TOER
X, LEESAO 2 EMBEDEL LTI vy MIEITS
BORSHEUYERBRL VBN EHBHE (No Observed
Adverse Effect Level. NOAEL) # k&> 7 X1
XD ZOREEIFEN, 3D TIZHE L= D
Thb, ZOT7Tu—Fid. REWKMEIWEDY XY
FHED AL & FTLFWEOREMTMIZ OV TOELIE
PFFICSERTH . BWERIFHOBRAS, 5 FAO/
WHO ARIBERAMPEMREHE JECFA) PRINE®
2K (EFSA) THBIICERIA TS,

ARcid. BRCEWEOREEFHOELANZ L
TTC OF A, ZoEALBEA. B, BERENYO
55 THRIZARBEROREMFIMAEIZH T 5 TTC OF
BBy VG I & 5 3l F RO BT —~ O RMIcOw
Tk B,

2. RE(EDEORLMTE

mEdOEWED L Mo 5 RAe MO FB
L U, KRETIX 1970 £ D %1 National Institute
of Environmental Health Sciences/National Institutes of
Health (NIEHS/NIH) M FE#EIZ XD National Toxicology
Program (NTP) BREL. v td30nidvvy 2 %2H
W5 2EROBAFUREABEBE N, DAEICHN
T3, YBFOEERDS NTP BROEEMEABHRL. T
BOENEERBRT 2RI KREORERE L5 545
HHEAMRE X Wiz, WERPEIZ Ames REBEMHHE O
P OREMICHEBEOFN OSBRI M,

2EMOPARMERBEORBEAER I NS ICDON,
F9 vy AORBERVERT S5 L. Tho DR
BARAEBEL PASHEL TR EFE§5 2 L I8
HO»B5ZESHBALTEL, iz, ZOREDOEMIC
BREALSEM. BRELHHEETLILICMA, 280
e T3 L CHPERHEOBA, L LREIHL L
B0, ZTORBHRORBRLENE LICHT %A Lin
X A3KE Society of Toxicologic Pathology (STP) @
PRFEICBBEINTE L, ThLDRXLTIE, BREHIH
LRBREMEOEHEE BN T 5RBBEORNLE ZOEH
P, RERTRM & h - & JHETEIEIRZ D EIFRIR
ARG TR & FEEOF—. RO BRONKLE &

5HEFT -4 OFR. RBEMEROFHE-HIT 5 bOF
BRLOWE, HRWEORSAEIF L VEKRRNTO
RBEEHOEER L EAWL A, BRI LHVER
WRARBRBOBRE L b ASHFTB I LIZD0TO
BE B Eh TS, B, #RPEICIOFERS L
% DNA BEE A 5 = X 5 OHBOERNLERFEARR

*RBEALERR A7 75 REMRRHE RS
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DREREMHBED L WEFHOH 5 Z EHHBHL TS,
L Lah o, —HTEREHWEHOZRRANAFRYE
RERDOERVIIBAAS k@M E N TH . ZOFEHMI
BEEFLTBAENC K 2 Z0RBRIID>VWToO+oEa Y
VY ARKD LN T D, BEFWEDOREMIZD
WTOBERZIER 1 ITRT &) ICHBEWEDO N — F /-
BV 22 HBROENHE, Tho2/FELT) 2 0E
HL, V222322 —Ya itk —BEEEDOH
BEBBEDEINTNS,

Hazard Identification Risk Identification

~y

Risk Characterization
Risk Evaluation

Risk Management
Risk Comunication

M1 RECEWEZ2EFHAIOER
Figure 1 Concept of safety assessment for
environmental chemicals

3. SMFENBEORE (TTC)

TTC OBEEZIE. (LFREDEM L 72{tEWE L — T,

BOZ I —F I3 BT E 2 B HMEARMEROME 4 DAL
SFUVE ORI A QRIS ikl LT, HERY
JBERIEZ =B 30 FLLEOKA 2 #1T CHR. RBRE
SETCER, ZOSN—THEEERLITRT, ZONHE
3. 7y by XOROBSHEURBERLAZ S K
T3 613MEDT — 2 #HWTERSh:, ZOTF—
2N — 2 TIZESY, 8, ROEMBEFEERBROR
BMAEEhTVWE, ZTh6DT— 2 XD BWEDR LR
2N - - B ER (NOEL) 2HMORZEAEV
BiE L M 53RV, 613 WED NOEL % Z2h 6 D
RIZHEVWIDDZL—FiIzTay b L (M2, TTC
DIFEERICERL ., BICUTORMBEREIA TV S ¢
CBEPIS. KDERBETHEET A LEMELALD S

SERITES K51, SN2 A THRBT 32 &,

- T BBOEWEORBIIEHEEETHI L0

RENLSZANSGNTWSEZ &,

- il 4 DALFEWE DR O 72 OB & FUEIZ. 7D
LEWBEDOHERICK > TE 26 S BHEY 2212
BINETHB DR,

- R R O BEMME O S 2 2T T s8N 2o
BEFE LD Y — 2RISR hThE T L,

- REREYI O A R/AMRICED 5 Z &

ALFRESEBE T 3WEDER 2 THIT 5 20tk
BOMAOBENT -4 hdBT &,

£ 1 TTICEERICEDLItZYEBEDEENTE
Table 1 Cramer etal. structural classes

* CLASS I =simple structures efficiently
metabolized to innocuous products;

anticipated low order of oral toxicity.

* CLASS II = intermediate structures (less
innocuous than substances in Class I, butno
positive indication of toxic potential).

* CLASS IIT = complex structures; metabolism to
reactive products suggestive of potential

toxicity.
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80 |
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60 Dsbution
g 50 Class] ©

40 ¢ Class il ¥

30 Class Il ©

20 |

10

%001 o1 10 10 100 1000 10000

NOEL (mg/kg/day)

X2 {tEEOEGET > EEES (NOEL) EiERs
Figure 2 Cumulative distributions of structural
class NOELs

4. BRORLMFMEICHT S TTC DEH

TTC B EMHPOFER, HRWERERAKICETID
L FEDORENHIEISEH Eh T3, £/, TTC X
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x£2 EUICBITDFSDER

Table 2 Classification of the flavorings based
on the definition provided by the new
EU regulation

Substances Past Present

Natural Flavoring Substance Natural Flavoring Substance

Single Nature Identical Flavoring Substance | Flavoring Substance
Artificial Flavoring Substance
Flavoring Preparation Flavoring Preparation
Gomplex Process Flavoring Thermal Process Flavoring

Smoke Flavoring Smoke Flavoring

— Flavor Precursor

— Other Flavoring

Common
Authorization
Procedure

il

P —

—

Flavoring Substanc:
Regulation

M3 FMNCHDITPBRUBYE—IEEDER
Figure 3 Frame of food improvement agents
package in EU

Food Additives
Regulation

Food Enzyme
Regulation

Genotoxicity data + Repeated dose test data

i * Undesignated

1. Metabolized to innocuous
products?

3. Is the substance contained in

substances only :

................................

food naturally?

Is the estimated intake as
flavoring substance smaller than
that from food?

2. Estimated intake < threshold of concern
set for class into which the substance
categorized through examination of the
data such as genotoxicity, repeated
ingestion, chemical structure, assumed
metabolic pathway, etc.?

when compared with NOAEL?

Does estimated intake have an adequate margin of safety | :

i 1, 2, 3 are not steps.
i Consideration factors :

YES

Evaluate scientifically based on
the answers of Q1, 2, and 3 and
other available toxicity data

f

No safety concern

Evaluate scientifically based on
the answers of Q1, 2, and 3 and
other available toxicity data

|

Additional data required

4 DOHEICBIFZBRER (FS) (THT T2 HImDH K
Figure 4 Flow chart of safety evalnation method applied in Japan for universally-used FSs

WEDHH T — 2 WL ITT 5720, RUEHWMERH»
SHEERT 5 X 0 & RAEMNISL - 72 “FRATI SR O BRfE”
EHETE-DICHWARZENTES, L2rLENL—
BFTTTCi, 3350, &R KV ~v—, EVEHET
BB, & VISVE, NWHREWE. BOLELAY
B, M RRER A5 A 2 WE. +/ WE. B
WHE. YEICEK. LOICER6 » ARMOFLROBME
MO IZERATE 2w OHELNH 5, BHHRNY
OEEBNERAE RS L. bHAETIRMER (flavoring

substance: FS) (2B R & RO 5T H % D
IZHX, JECFA EKRERUEMICH W T FS idfioF
e Xl LB IcfTbhTnwa (%2, X3). JECFA
CHVWTIRFSOROARZEI MO TKARTHSE I L
KEZOREAME A, FS OREMFHHICHNL TTC %
MRBEIEH LT3, JECFA IZBIEZ TITH# 2000 ©
FSYWHEDFMiA L T34, ZhETt F OFEFEICHE
2L F3HEFOBEIZ L, JECFA & EFSA KU DA
[Ei 35 ) % RVl O RIE X 4 25X 6 (IS8T,
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1. Structural Class

¥

2. Metabolized to innocuous products?

A3. Exposure > threshold
of concern for class?

v

N\
f@

B3. Exposure > threshold
of concern for class?

IE3

Additional

=]

' Nosafety |
concern

S, >

AA4. Is the substance
or its metabolites
endogenous?

B4. NOEL available
with an adequate
margin of safety?

data
required

YES

YES
—

N

/ Nosafety |
L concern

R

w v I YES\l o
A5. NOEL available P £ N
B5. Is exposure
with an adequate 515 Ll:/d’ No::::;y ]
margin of safety? ; ’ \ = /

Qlﬁonal

data requiD

5 JECFA [CBI(FD FS DZRE2M4EITHT D HIkia
Figure 5 JECFA evaluation procedure for flavoring substances

Data available to demonstrate that metabolites are to be considered innocuous?

yes %

no

&

Dietary exposure:
<1800 i g/pers/d(class I')

<540 i g/pers/d(class 1)

< 90 i g/pers/d(classId)

| no

yes

W

s

Dietary exposure:
<1800 U g/pers/d(class I )
<540 1 g/pers/d(class II)

< 90 i g/pers/d(classII)

yes no

i
I

v

no further data |

Dietary exposure:
<18000 i g/pers/d(class I )
<5400 u g/pers/d(classII')

I 90-d study l

Dietary exposure:
<18000 u g/pers/d(class I )
<5400 1 g/pers/d(class I')

*90-d stud

<900 u g/pers/d(classI) <900 u g/pers/d(classI)
yes no yes " no
1 J
*90-d study *90-d study *90-d study

~developmental tox

- developmental tox

*developmental tox

6 EFSAICHII2 FS ODREMICH T 2 ¥R

Figure 6

=chronic tox
carcinogenicity study

Individual evaluation of the flavoring substance in EFSA
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bAEC BT, BIEEE LB E A RERSR
BOMRERIIITDODATVWSEDIIHL T, JECFA Tk
TTC 2 EMR L HEMRBROEREMEE L, EFSA
TR 1B L L ORIEHEEOER 25§ 225, IR
EHEMEWE & FRORERER 2R OWEICOVTIEZIO
EXPE A ARG LT\ 3, ROEFE T OB IZRZEIC
#,-5< Cramer O EBREICHIET 5 & D L &R L TfT
bhsd, bHAEOREMFMEOEAM ST b OREFIC
RIZTFSOX¥uY) 227 %K 3 BICPHARRML & =R
LT3,

5. #&&#H (FS) OfFk

—MRICERESIEERI IR ENS, FSORBRIIM
DEREKTEHEL TR TEHE T ppm 225 ppb b
NLTHB, 43, 1 FHEICEHS A BEREMBO
HeE MR (kg) M BRETRT. 3000 DERIE
AEHINTHEORMPH THRE ZV, BISEFOMA
TR THA IR TS FSO¥EEX 7I12RY, byiEE

x4 BRAMMPOFBEEAESH

KEIRORMNIZ W TLERELS B S h Tns DL
HARBEROEEM L LA L OMEH ATV, &
ECHEAENATHA FSRWThKHAERE, ¥k
LEEEMT L2 & ZORE L EHREZICIZE SRR
h3 g EIEORREAL TV 5,

* 3 BRID—MED
Table 3 Characteristics of FSs-1
General components of food

Water more than 95%
Protein 1~25%

Lipids 1~40%
Carbolydrate 1~80%
Mineral 1~5%
Vitamines ppm

Flavoring substances ppm~ppb

Table 4 Amounts of food additives being used per year (kg) and number of
substameces The resuits of investigation by the Ministry of welfare, Health and labor and
the Japan Flavor and Fragrance Materials Association (JFFMA) in Japan

Agents Amount consumed per year (kg) | Number of agents

Acidifiers 154,042,000 24
Seasonings 110,415,000 54
Non-nutritive sweeteners 87,644,000 7
Dietary supplements 25,276,000 74
Emulsifiers 17,950,000 5
Chewing gum bases 2,600,000 11
Preservatives 2,275,000 18
Anti-molding agents 1,860,000 5
Flavoring agents 1,427,000 about 3,000
Thickening agents or stabilizers 1,114,000 7
Antioxidants 775,200 18
Food colors 685,060 30
Bleaching agents 176,788

Color fixatives 93,000

ILSI No.108 (2012.1) — 104
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FEMA GRAS B 2200

7 DOHEEXENRUBRMNTREL TS FS £
Figure 7 The numbers of FSs used in Japan,
US and EU

6. BMEH (FS) ORLMFMEICHTIE
BRAV— DRI AE

R DML TTC 3EMERZ BE L L W LEWE
Db bANDREUEZFMLEBIEHLFERETH B, &
513 Kroes IZ& VBB I A AZTTC DFEHIZOWTR
To T TRWEAROEE F 7213 HEEIC L 5 58
A1 HEREN R IR TS, RIEEFSAIZTTC
DIEHEER TN AR T — 2 R Quantitative
Structure-Activity Relationships (QSAR) KU read-
across ¥ V¥ 21— & — &M\ in silico (KT B H T
T — BT OMROERMEEZRE L T 5., QSAR I,
BRI FORERERR 2 EDIEIE L D FL N
TOMABIER%=MIT 52 DT, {LEWHEEEKRE DM
AERICKDEZEI N2 EHFLEOHAICFIAL S
%, Read-across iy, B E/I3EN2MEKL DK 3,
Aok, HEOLEHEABELLREL EhBREL
ATITY)—IZET S 2O LOWEH» b REMEHESRT
52D ThHb. &M read-across LIZFELC ATV —IC
BLILBONFHEAR T2 22U LOWBEDOHEE
WMEBENICET T 58D TH %, ZOFEEHNTHE
Sh-EHIT, LEmE s H#HOBRL D EELER
LBED/ES. DAEOTBHEEIZ JECFA RKE KO
MTHOLA TV I RENFHEFHRICEE LTS, Z
DEES% L5 %, 2010 F12 ILSI Japan IZHEFIZH T
[ReMRHEIC B 5 TTC OFRY] LET3EERY v
RO LEFBEL. DAEEICET S TTC OBFIED

72 ZORDEEBMO/ISINT 4 AHy ¥ 3 YV TTTC
BFS OREHUFHEISET 28D TH S Z EADEES
&N, QSAR & read-across 1& TTC iERHDEIGAE —
JEEAFEIZ§ 5 7= OB FERE LTHW3 DR RV E
DEEBBRS N7z, FS OREWM O EEHK— 3 F
BOMELERESICERTH50AK 6T, b MO
BEFBRICMBEAL)Z2aI2=2F—v 3 VOFRL
LTEEHEETH S,

x®5 TTCERANDRES

Table 5 Possible international harmonization
for the safety assessment of FSs
(proposed by Robert Kroes)

How to apply the TTC?
*Stepwise approach on a case by case basis:
- Specific structural alerts?— NO TTC

- All other structural alerts =TTC 0.15 (£ g/
person/day

- Structural alerts excluded — OP ester? —
- If OP ester — 18 Ll g/p/day

- Class I chemical?>— 90 u g/person/day
- Class I chemical?>— 540 u g/person/day
-Class I chemical?— 1800 u g/person/day

7. &

i

BRARNMMOREMTHHIZOWTOEE L TTC OWFE
FIZOWTE L, BRENMOF TE BREHR/IRE
BEHRO CIRAR THMA{LEMEE*A L. BRMICHH
ShEBHELREEICIIEGHIREIN I L EDRFEEAL
T3, Zhb6DREE2EZ 5 L RREMIfiORMY
LRBREEDZATITY-ICBT DT, ZOREMHI
ANDTTCHERITEY A DEE XL B, FIZQSAR &
read-across DANX in silico f#HTIE TTC FEH OIS &
DIHEIC Y B 7= OB FERL 2 DEZEDT, Th
b5DFEEHHAT S Z & Tk EERH—0—Bh & &
5 3

<iEtE>

ZOTay—7 4 v %4 Dr. Ian C. Munro @
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ABRCE L, L0 TTCHEREEAICH 5T
DWTHEERTHLRIILO» S IRBEBHOLE
¥

<#E>

FER I EEA H AR R RIREM R OBIR &
7z, HMFRELRIARIREIC, BRRNKICIZRR
ERIZDOWT ZRB A THE RS 5,

<BEXH>

1) ILSI Europe concise monograph series: Threshold
of toxicologic concern ISBN 1-57881-188-0, 2005.

2) Munro,I.C., Ford, R.A. and Kennepole, E.J.G.:
Correlation of structural class with no-observed-
effect levels: A proposal for establishing a threshold
of toxicologic concern. Food and Chemical Toxicology,
34,829 - 867, 1996.

3) Okamura, H.: Current global status of flavorings.
ILSI, 103, 17-27, 2010. (in Japanese)

4) Konishi, Y. and Fukutomi, F.: Usefulness of
threshold of toxicological concern concept for the
risk assessment of ﬂa{fors. Japanese Journal of Food
Chemistry, 15, 51-56, 2008. (in Japanese)

5) Bassan, A., Fioravanzo, E., Pavan, M. and
Stocchero, M.: Scientific Report submitted to EFSA
on Applicability of physiochemical data, QSARs and
read-across in Threshold of Toxicological Concern

assessment. June 2011.
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NERELWAS
BmU A 5HEDF U LEER~
BRBEv—y> (MOE) 770O—F
BH I
1. BL®I (Bl L) © WHO (HREMEE) »&H

BROY A VMW TRRELFTHEOO EDIZ,

BRFICERRNICE TN I BEHEERIAMEDY X
2EESIH/’S . LW REEND B, IERH A BK
ALk, BERBNYO X S SRIETEE L2 BmKS &N
TEATTY-ThHD., FIAXHERLEY. BREES
KR L L4 AT 587, FBEOROMEIZ LD
BIRAIZAER L TCLE IR, #EHBOLS hinEEH
THIE NS B4, BUERBE CIHERRMICREELTL
¥ O RMMER ST, BERET, ARTIE,. Z0EMY
27 REICEEL T, BREGBEMERE (LSI
Japan) D ARV XA 2 HEBRIZH VT 2010 EH 5
2011 FEiC AT CHE I BEEERSAWEDY
A7 3Hii : MOE 7 7’0 — 7] ORREEEHET 5.

MOE (Margin of Exposure, B@B~v—Y V) 77—
FRERNF LY ZA7FHEFETH D, “BRBPOE
EHERSAWES. HEZEOL MERFEIIHLTE
OREEORELAT %, WRITHRAETERLLT
YRAOBRBIIETS-0DOHF LY X 7GR
LB 5B, MOE 7 u—F0Y 2 & FHERE
ELTORBIE, FHEEMOEEELE ) 2 7 OFMLIZSH
D, VR0 IEBIERER Y A 7B LTY 208
BHRYZ7 I 22—V a VIERENIEFRENBZ
ERIFEIR TS,

2000 £RBE, U X MO FEFIROBIENETIC
HI%. Y 27 FHERBICET 5 MOE 7 7' u —F DR
AR, BENICE, EUOERSR Y X 7 FHHRET
»H5 EFSA (The European Food Safety Authority, EX
MERBEHE) . &5 CICEEOHFIEEETS % FAO

TEET 5 A 750D JECFA (The Joint FAO/
WHO Expert Committee on Food Additives, FAO/WHO
ARARFMBEMRSE) bW, ERERYE
RHBAHE) OV R o FEEEL LTMOE 7 /o —
FHREH X N7z (EFSA 2005, FAQO/WHO 2005, 2006,
2007, 2008a, b), X7z, D& &Y R 7 FHEMHE D

ICHEBL T, BEORRY A EEBBE TS 5 The
Codex Alimentarius Commission (I —7 v 7 ARBE)
KEOTs, BRBEHMBEOEHICEIT S MOET Y
U-FORMAARBRIIETIRIAVPEDLS TV
(CCCF 2011),

2. MOE 77O0—F D% - ERADEE

MOE 7 7 u — FHREOHEFDO—2IZ, 2000 FFRHIH
DEGHEOTZILT I FBBEORRBE TS,
HORMIZ, AV 2 —F Y TI997ED b v X ERET
HICH T S RUREREROBHFEEE LTEBE LT
HEZBOTIILT I FOREBRBOFETH - 7=,
FHRIIK L CHBBONBHE W T MPIZT 2 YL
7ITBBORKEEBAETQEY-TEI N (T2
Y7 3 FRE) PR E R, Thid, RIS
ENETIZIUALT I FRIRFIA FfEhAESRYE
VICHERE LIRS TH D, T2 ULT I FORKME
DEEBERTEBBY—F—Th b, ZORHDERIC
HNHEBEICE T2 ULT I FTRBESRD LR L 224
2, BEORERZ CEAL MoOREHXRTT I YN
TIFBERDLZLNRAINA, 25 L THENE

*{EEMRR 4 REPERHERTEAT
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BEIZT7YAT I FAERRINICE TN L BHEE
fbL7=2DTH -7, T2 VLT I FIZBEFEELERIA
HEETDIRYD, ZOBRBICHK TS MEEY X7 %
FHELUERL T ZENEEEBbhi, I, 7
JUYLTIFDEIIEBERNEERATH . »DOMEk
KEOBMT2&S5 5RODEBEEDL S ITEHET 3
PR, BRYAZEHIIBYBHLOFEETHD, YR
IFHE - ) 20 BHOBEH A SERDOT S u—FicED
AHLOT T —FRRBETHEEELLNT,
ZOBUEROH T, 2002 F LD, ILSI Europe # X
2 7 #— X (ILSI Europe Task Force on Risk Assessment
of Genotoxic Carcinogens in Food) T3, ERF ORI
BUERBAWEICHT 5 U X 2 BHEFEOBRRSRAA S
hiz &D. HERORBAY XV FHEEDORETH - 7=
[V 27 BRILIZE Y 2 AMEROKRE | 20T 5F
EHRBEE EhTuk, BR BBAY X 7FHEICK T
SAMERMEZBE T A H LWFHEE L TMOE 7 7o —
FHRRME N, FAlARRE 2B & h7z (O'Brien 2006,
1LSI 2008) , MOE 7 7’2 —Fid. 3|4\ T JECFA &
EFSAIZHWT ERET s, JECFA 2 20054E 2 A
Fo4BSH BT, BEBERBAWEDOY 2 75
=PI 5 —RIBREARR U 72, Z OIFIZE T ILEH
LoD, BRBEURBAWEL LTHISRATVS
ZO0RBHPRSG (T2YVALTIF, IANIVBLF
. BRFEFRRRMAR) DY X7 TH -7 (FAO/
WHO, 2005), JECFA i NBIEHEMRLAWEIL. IR
HORE - KIEHRERTH EHRZVS, BHrAMR

BRIZ#1F % NOAEL (no observed adverse effect level) I3,

ZZONBBHEICOVWTOHERBETIE AL, 2O/ 4 %
Ty 4T BT REBERERL T 3R 2 EET
gV Uk, BIEFEERSAWEOBRMEIR. WistA
WERHEEY -7 - %2 BEE LE2BNRR. 250U
DNA BEHBEOBE & & ORPERRIR 2 5 T DFFEARYE
ShTWsy (B85 2005, MBI LML RER%E
BRET D700 2 7FHEICREA R E Ui
(health-based guidance value) #FET 27 Fu—Fi1E
W&k o,

FER. BOBAY 22T 5 ) 22 EHIZ. BRERI
BAENISER LB 52 ED{K< (As Low As Reasonably
Achievable : ALARA) KB Eh3REL#ETIIL
ERAJE LTz, LA LAaRS., ZTD ALARA O
Bl VAL LTENF - FOFED LS S

&1 MOE 7J0-FDHEEE
Table 1 Development of MOE approach

“Timeline”

2002. IL.S| Europe Task Force on ’

Risk Assessment of Genotox
Carcinogens in Food .

2005. JECFA 64"

2005. EFSA, Guidance on risk
assessment of compounds
that are genotoxic and
carcinogenic.

2005. EFSA/JECFANLSI conference

2008. IL.SI Europe Workshop.

2009. WHO/IPCS. Guidance
document of exposure
assessment.

2010. ILSI Europe. MOE approach

of 12 samples.
Q‘!. CODEX CCCFSth, /

Eh, L rOBRBRLESAMOHBRIGHEOVTIE

EERICANSEDOTIE AL, BENEY X 75 i %1

BELTEEAE, ZOED., NYF—FR-2DY 2>

i & ALARA 2 "3 281513, YV X284 EHE

T RO L UTIIRS W72l L a7z e

WO RSB E NI, TOILT I FBBEO LS IS5

F-llRREh 28R KREOFEICHT ) 20 EHD

HBHHFLLTR, VXr0kEE (BRMELHE a2

b)) EZBELCEBRENMNTE LSS, Y IIERL

BUREERET AL PERETH S, Y A7 HEIZIE, #

SENERLAH T D 7= D Bz FIRARML A &40 U 2 & 57l

7Tru—FHEEhiz, JECFAIZALARA 7 Fu—+

b3 3 D0ELT T —-FILFRLE:

() BRVPAENBEREN-HEEMED PoD (Point of
Departure) &. & MIKF 3 EURHOHETRSE
L DBD MOE (Margin of Exposure) DERE

(b) EHHN=Y R 7 HEEMEIZEGT 2 HEANOEAR
Sl ‘

(c) BERESN-FHEHH LD PoD » 5 OB

Zh56D 3207 Fu—FDHET, JECFA X, MOE

PRGN THHLERETH S LE@mL A (FAO/

WHO, 2005), EEHE LT, KFEMREBEHEE

B URHEEREINE L, V27 OKRE SOERES

A BEOT7 7u—F 25 0OBEMANLBNES TH
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5T L ENETF LN, FKICEFSA Z. MOE Ok
* X IIBEIERMBRED-DIC) AV EEEIZK > THY
bhfEs. ThwiABBEEL ALARA X TEEI NS
RELBETHAIDBERTH S LML (EFSA,
2005) .

Z D%, WHO & EFSA 1%, ILSI Europe DX %5
T, BIEHEMLRVAMEATZLAMDY) 2T X
ZxAv b FLWTTu—F" ICHTIEER#EE
2005 4E 11 HICBEL 7=, Z02EIE. BREROBE
FEURBAMBOBRB) A 71220 TH (1) VA2 7T
¥Z2AVbOTTR-F, (2) ZDE5ETTu—-F0
EROBROBVH. B) ZOK3&87Ta—Fn) A
EBED=—RIBEZBEDTH B3, E D, 2ED
Hbh7z (Barlow 2006)

BEO#ATIZ, ILSI Europe A8 WHO/IPCS. EFSA
L7 LT MOE B EOfF#E(LERA, 77 VAT 3
FR775 bFY VB NVEVYEERRTORBIZE
HRBAMMEL LTHIONhS 121teaMEET LT —
Z & LTMOE 2 &k 33li %47 > 7z (Benford 2010).
Zh o OHEMARKRHEL L CEEREHIERE 2> 5 D15 % 5

F 4. 2010 FFEH X D Codex DIEYHIEIZICHWT Y,

MOE 7 7u — FOHRAHFKRET Eh T EKRNTH 5
(CCCF 2011).

3. MOE 77 O—F D&%

(1) PoD MBIR (N> Fv—U F—X%kICK S BMDLyo
HiH)

MOE i3 #E#HME (NOAEL) &3\ idEREA#EMIC
WHyEzNvFv—2s F-XEETRE (BMDL) &, H
REDHBZETHL, HESh-BEER - RELOHFE
LEHEINTWS (WHO/IPCS 2009), #{REMEFREA
AIBDOBEIE. —HBOEF LA TR I IZBIE
AR XN T BIREV A (@B 5 2005). NOAEL
DREBITIIREES PN, ) 27 BB I I EREE
M3t UC NOAEL #Ri#2& L2V X2 3#li 7 7' v —
FRBAENTEEY. ThOIARBAVZAZIINTS
MOE 2%y 1= NOAEL Vg, RO DIZERMICH
BVIEFNAES /O h - HERSEKRICED VW
PoD (reference point £ L T3H SN TWB) AHNVS
3 (X1), EFSA/WHO/ILSI 2FBOBMF TRV F
v—2 F—=X (BMD) 7 7u—FRBRIh-HER
JSEHIZ B W T#EY) % PoD 2 T 20 ICRFED
V=B EIZHEARBLZ (Balow 2006, EFSA
2009) . KWV AHIEATEEZ KIE (benchmark response
Z%bHbH BMR) #5|x#Z $HEBMD, &5IZBMD®D
5% EMTIRETH 5 BMDL Ak oh b4, 20D

MOE approach
B
] '
1 !
i 1
)
P9
[
3 s
§. 3
& MOE
101 -
10° risk
104 As Negiigible risk
e Dose (mgkad)
Human estimated
exposure

VSD approach

1 MOE 77JO0—F&EHEENEF JO—F
Figure T MOE approach and VSD approach
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BMDL (&7 — # OARFEEMISHEIS T 572012, &b HE
Yl PoD Th 5 L R &hiz (Barlow 2006), 512,
BMR Ofi& L Tid, 10%235% & 0 4F £ L &l &
Nz, T, BITOHA F I 4 VICHERL =R AN
AE (GLP) OB (n=50) 12 U 7=BRHRA =
10% (HRETRIHERZE p<0.051c#3) ITHET B Z i
B3 (Williams 2008). %7z, (KW % DRIEDEF AL
IS, KD KRELEAERMELZEC S EE I LHE
XNz, —FH. BMDLy ##FE$ 512137 — 2 AR+
ATHBEAEITIE, T25 25 Z L AT & LWVERL
ThbdELEh7 (Barlow 2006), T25 %, HARER
CBLTHIIE L 2%, » 2 REDEEBMIC W TEHY
D 25% 2. Z DEYYIFED EERER 75 A JERERE A I FEE 2
FRTDHITHAIEMHARIIODOTOHEE (HRRE
FIZELTIEIHIEZETTS) THS (Sanner 2001),

(2) EMETERER

bt b OBEYREOBERRIC OV TOMKL ZHEEME.
V2 EBFIIRL SHEREREE TS, FAL FER
BRI MO LRRERT—H T, BEED 90, 958
LIR975 /85— v a4 LIk 2BBEIT. SBNE
BIZOWTOWEBAZRM T 5. MOEIZBICITH 2D
T, #%% MOEfE2, Bu2/5—v v a4 VBB
BLTHZEXNES. 2. MOE 3 ZRAEBEREIC
HkT 2 BREBHEIRIIS U T, E—0ETidk i
ERoEE A5, ZOREZEREL, BE. MOET7 7
T —F Tl3 MOE (average exposure) & MOE (high
exposure) D 2MEMNRPEL I N B Z LA H W, £ /-,
MOE /R VRV YV UBBENLEDE L7201
., B A BERENOHEREFMME S EREE %S (X2),

MOE (WHO, 2009)
The MOE is defined as the ratio of the no-
observed-adverse-effect level (NOAEL) or
benchmark dose lower confldence limit

(BMDL) for the critical effect to the
theoretical, predicted, or estimated
exposure dose or concentration.

MOE =
Human Exposure

M2 BEY—YY (BMDLio &b METRES)
Figure 2 Margin of Exposure (BMDLio and
Human exposure)

(38) MOE 77 O0—FD4#

BIEFMAR L. 2 ORPAMTH 2WHEICES 5 MOE
7 7u—FO@EANREE LTE, [HsOWE LIRS 0IF
2 [UEWED 2 7 2 LEQNIRER| dBEEhTh5,

MOE 7 7u — FOFIZ. BYRHOBRZEREL, H
BIRISHBE? 5 Erh 28R T v ¥ v LD % MOE
BICNET3/RIZH D, Lzdd-> T, HEEEA EICHL
bhBfthn ) X 7 EHHifEEE ®a D, MOE DK% X &,
BBV NLDAE X (the level of concern) ZFEIERL T
W3, 5 —DO0REIL. BIRSh-HRRM+*HEZ 3
MES LS I3AMED ) 2 7 HERIBE DR 217> T ik
Wize, EENY X ZFHEICE S %S KRS MHEDO R
EMABBETETCWSEHETH S (Barlow 2006, ILSI
2008, Benford 2010a), MOE fiiix ) 2 2 122\ T D&
ZEELTIE LRV, MOE BAZ FHITKEVIZE, &
A LTV LA 2BERIC K> TE SN B EEN
BYAZBNENEHWTTEZ EAAREE 25, EFSA/
WHO/ILSI £#i3. MOE 7 7u—Fi3, Zhickbh Y
AU AT AV MEBICET 2B EEMNT B DD
LEME OB TR 2 5 & WS BT, BEHER
DBAMBED) AV TEAXAY bDI=ODERE, ZLT
FERMEIRETH 5 L3R L7 (Barlow 2006) .

(4) MOE 77’O0—FDEH

EFSA OFEEBE (EFSA Scientific Committee) (&,
10,000 Bk MOE fi i, &% FH > 7= T 23 A MakBR
T — 2 &ENR—2I, “BREEOBRL 513 0EIZD E
WTHASLBbhd, ZLTYRAIvRV XY MER
B L TIREEIEMIMEVWESBEMICR A hs 2 8 Hh
BWTHAS” LORBEHL TS (EFSA 2005),
LA L7Zah 6 MOE=10,000 &5 HRFHEUEZ R L C
WB5NDIF2011FE TORRTIZAEFSADATH D,
MOE #RA2HUEL O B THIW§ 2 ARk, K7-HESL
EhTidngnikite i s, Li3nx, BFTLERM
DFRBAY Z 7 [F+:D MOE fEMA LRI & 2 B IEN
FHFIEERETTRETH 5, JECFARRETETIILT
IFEDOMOE 7 7u—FIc k5 ) X 7 FHEHRE L. &
Elon) 27 EHEEATY 2 7EHP Y 2 7 {ERILDORHL
ELTHERICHEREIA TV 5,

EFSA/WHO/ILSI i3, R@EE L5V~ (level
of concern) % MOE OFFEDE S L < iT&PFHIZHID Y
THERENPEI D, BLPEDXSITHD B THNRENR
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CBL TR, SRESIIKETTIBELRD D, BRI
BUZ2EHEDHWTHS L, HRL T35 (Barlow
2006), MOE 2V X 7 (B8 & L THW S h 3 248,
FRICHEUERBOERBRT S ELOWER % Wik 2154
F. RIENICRY SR AE S Hlr X7z (Benford
2010a), BEEFE L TIE. T RE2H M FERICK S
DNAHBIF L WS REAERABESET S LEWE
(FZ2URLTIF, 779 b %Y VB YV F—E
&) ¥ 3 MOE W, ZE»MfEshs, —H. Y
2o BHEES, BRABLEWEICHRTSRICE S &
MOEsiZ. WCKZXDV X272 BTLEETEDOTIE
BOZEhRBTHILEEETSHS (Barlow 2006,
Benford 2010a), ZHhik, EBART VL v LLIBRE
DT -2 DBIZHKR T IAEEELBRESDTH Y.
¥-RELAPERRENE. AR - KICHROBIRAR
LOTREELD L0 TH B,

4. MOEZ7L—L7T—%

MOE7 Vv —FOEMHELM AL T 5 728,
2005 EEDIREE S A MBI VD Shiz, EFLEEL
LT, ARBEAEREICE#E L T MOE OBR L@
DWTXLIZHFTSHNT. BRHVTOBEMEL LT
Bt S hz S RORL L BIZHERSAWEICE T 35
EHRED SR, ZOREAS 2010 £ 3 AiZ Benford 512
&0 120HFMFEL LTHE S (Benford 2010a,
2010b), 128MEiZiZ. 7ZULTFTIF, 773+ &Y
VB XFAEAY =N, 75, PAHs, BaP. #
NI VBIF N, PhIP. 1,3-V2uu-2-7a/8)—
N, BaAwI3HA4 Y-V, XYEY, IMCP A#i,
24 v 1538k X W MOE fHili 3T h7= (K 3). &
ARELELT ARPOBEEERSAWEICH TS
MOE 7 7o —FDEHAZ Y. BLUWEZEDY X
D MOEs # WA r 7T -4 (v MEREADE
BOKRZXIIGL 2 7 2558 OWEERBREEX -,
FRELT, WS<O2D MOEs 2%, HUWEIZHL T,
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BMLTEEINE5ZL. BMDLs 4 RIEE & { 7
AL TEHNEh3EREE2, DL LT1214
AMD MOE B35 » 5 8brh- MOEEHDA=DHD 7
V—>AaT— R REIN (Benford 2010a).
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3 MOE H&ICKD YR IEBOESLIEMTIT
Figure 3 Comparison of MOE for risk prioritization
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¥, MOE 7 /u—-FOEHE#HmEHEL. ZOMER
BE. BHOBRIIOWRH#1T-7%. ZTOHREICH
TAERRWIE ILSI Japan DF—AX—Y ETAREL
(ILSI Japan &Y X 7 Wi%# % 2011a, b, ¢, d). MOE
Tru—Fi%, BRPEEMEOBIEEERSAY XS
FANHETERII L2 LItk ) A0 EHOBEOR
KB RED BT ICHHTH I LN TES, 2k b
BEANOBESOKRE X LHEHAMICHRTE S0, &M
DRBAVAIDY A2 AI 22— a VIZHFERT
LR D B, K3 ITFRL7Z MOE #HW/Y X7
H#RI3, ISO 31000 s TREE W AEHT I -7 Fu—
F1Z & % Risk prioritization map L P A F - 412k 3
V2O EHRICREBUBE TS LELIONS (K3, K
4), —#. MOE HHiIcHW 53 PoD L HEEBRBRIC
BAHEEMLFEL. RAT37 -2k >TMOE #
KEL REDEFPEEH I NS0, HEICHD KD &
BEhdHB, MOE BIEAHOMETH 54, ZThiddk,
BRHIOY 27 BEEEICHERTIRERD Z L IHIET
38DThHB, MOE 7 7 u—FDERMBEHEICM L.
)2 EBREFEICERTH B0, 7— % OREEY
(RBALBEDLTY FERL YV FOER, F— 2 ORKF
%, BEVFVLE) A MOEfiL & & IZEHFEIZEDER L,
BYUMERTIEHBMHETH S,

BpA) 2 ZARFIZTERL» S H560DTH0, 1t
SRED KT X7 EHE LT REPIZHROE
BLRIIERL TN 3DLEDbRS, 5%, ARKE
BT 2BRARORENMA B E A CMOE 7 Fu —F
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Impact Risk Management Actions
Significant
Moderate it werl
Accept risks . AcceneL but | Manage and
Minor monitor risks | monitor risks
Low Medium High
Likelihood
4 YRUEBBOBLEIEMMITY YT (1SO031000
EFIVICEKD)

Figure 4 Risk prioritization map (ISO 31000)
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APEEM R A2 ED 125720, ILSI Europe HEF&E
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(Benford 2010) @ HAZGEBROMETAI 2\ 272072,
F 7z, ENZEES R REEVRROREIHZELIZ) 2
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K., HEEFRBEEOAALZ - Y x 3V ORBHETE
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K+, AEE HEL LOEERELIEERY X6
RFEOEE LY K- b L TRV, Y EOERIC,
EL LA L EFun,
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1. ILSI Japan CHP & (3

ILSI Japan CHP 2. WAAOARESICELIHEE
HAVEE) & EhE$ 5 k& LT, 2001 4412 ILSI Japan N
ICRE S N7z, AR, KB B A%REE R’RE
B ZJEICDONT, BEICEDSMIRALAEZEL
T. N4 DEFREEICE S LT 5, K. EEY
O#FEEIIT, 7 OHIKIZ I ) 5 EERT B8 2 AR IR
R L, FEEL T35, ILSI Japan CHP i, HH{E3
2DTaY s b EFTFHoTWS (K1), ZhiE. Project
PAN (Physical Activity and Nutrition). Project IDEA
(Iron Deficiency Elimination Action). Project SWAN
(Safe Water and Nutrition) TH 5, ThEhDTHY =
2 MZOWT, RIS 5,

ILSI Japan CHP

Project PAN Project IDEA
Physical Activity and Nutriion 11on Deficiency Elimination Action

i E A
=

Project SWAN
Safe Water and Nulntion

TAXEIOL LisMI10%

. = e

X 1 ILSI Japan CHP Dj&EE)
Figure 1 ILSI Japan CHP

2. Project PAN

HEsERE BOEEEIR, @RCREERS DI

BRVEELEERTH 5, Project PANTIZ 22077
O—FETE->T0W5, —DI3RBICETE N4 ) 22
77 —F, LiSM 10» (Lifestyle Modification 10) T
b0, HEADHY V) VY ZIZEIL AL T O E—
Vav7urs s sERRBLE, tiO—DdREHE E R
ICL7=RE2—v a3 v 77 —F . TAKE 10 Td 5,
IoTurs s, BEHEONTETH*EHNE LA
B THhOMGED D 2BE TS 7 LERETH S,

JBAENEBEZ. A 2K) v vV Fu—ATHORFE
WEE L LT, @EREEAICZONEEERT S L S51E
WMLTW3, LiSM 10le 7024 7 413, ZOXEIZAK
THEIFEIEh, FIEEMICAEITH A Z LGSR
TWa, ZoFusrss07ur AR 21T Eh
T3, Z0O7us 7 08B, 2NE ELEE L
BRHOHIEARVESETRERRTSI L. HOHER
FE= ALl 952 L, BN 27—k
28T, REI TR A XEEERTIILTH S, #
vy 7-Ic kA EEE, @HSRTEA V24X b TY
AEETH B, =FL 47— IHKRAZLIZL B3 NARBKD
6 2 HHOEREX 312”7, LiSM 10l 2L — 713 14
DIETHEZELRE SRR, IV b - LT L—TL
T 5L 7TIRETHESREI RSN,

TAKE 10le 7025 AT, GMEFPEEZH 72
10 pEOEE) 2 —HIZ 2~3 [|lfr5 2 &, 10 EOR R
HETEXBRFTERL T, N7V 20BN BATE 2
FAZEEHERL TV B, 2003 FI2—FR. FAKHER
ST 1,400 ADE#E 2R RICTA L B2 T b
h. ZTO/KR. SMEBEBOHITEE MRS h, HENIC
EHEE I N XStk 72, AEEOR
FIKIRBUBEVEZICRONAY, £, HHER

* ILSI Japan CHP (f#EEHEEWR I+ 4 —) KF
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| LiSMI0L

The 3" Version in 2006-2007.
Conducted at Nichirei Food Inc. with office workers
Intervention Process

Medical Check-up: Baseline Survey and
Self-assessment for Physical Activity and Dietary Habits

Setting Individual Goal and Action Plans for Physical Activity and Diet
at the First Individual Counseling Session

Self-monitoring of the Achievements for Target Behaviors
through the Websites

Periodical Counseling based on Individual Self-monitoring Data

Medical Check-up: 6 months after Survey and
Self-assessment for Physical Activity and Dieting

2 2006-2007 D LiISM10le s I BT7OT S A
Figure 2 The 3rd version in 2006-2007

Lism lo(. 5

'Outcome of the 3™ Intervention study of LiSM10! ®f

—_— (p-value<0.05) 14parameters
IPre 2006/11 ﬂ ﬂPost 2007/5 i

[ weight [ HoL-C [ insulin |[ uric acid |

ey @E ALT | Homas | ¢ ’
SEE B L

. Insulin AST
| FBS \ HOMA—R |

Control-
group

Weight | HBAIC

Chizuko Maruyama e/ al.. Effect of a worksite-based intervention program on metabolic
parameters in middle-aged male white-collar workers: A randomized controlled trial.
Preventive Medicine 51 (2010) 11-17

M 3 LiSM10!e% 3 BHORERER
Figure 3 Qutcome of the 3" intervention study of LiSM10! ®
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Promotion of
TAKE10!

' ‘f:%{ Support professionals

m 3 types of promotion

O Introduce TAKE10! to
professionals in local
government

1 Introduce TAKE10! to

elderly peer leaders in

local area

1 Trial of correspondence

course by mail

4 TAKE10!e OERIKRT
Figure 4 Promotion of TAKE1Q!®

Wit B7-0DEEOKE - BREMEL A XEEER~
=270, MFDVDFEHERE L, RH4lTRETHh T
3 X5, BfE, HIHTBRR YN —-AME Y 2 —%D
RN & iz, TAKE 10 % RiEE) % #D T 5,

3. Project IDEA

EEOMEBIZL B L. KEITIBB/ADAL KR
ZMRIMEE (Iron Deficiency Anemia; IDA) IZHEREL T
W5, PRSI MOBERERICIANTEEFEOHEL W
AREE FOBETH 5., Project IDEA 1. FAFRE L
ETHEBRLTWS M, FlLXER, FAWSEY
YHlERILT 5 Z L2k > T, IDADREEEEL &
HLBAL TS, 20Ty s bid, #@FE 10 FEN
HETE D, TTICHhETIE. BHICF L - FRER
MU =g tEmsa2ENICBA IR THSIEL, Y
b AT, REBICRAROSAIZBIELEHEA IR TY
3, BUE. #vAVT7TTRELEMEFL - METHEIL
FTBIED, 7 4 )V TIIIRBORICgRRIL T B AfF 5825,
¥ x b A TIEER SRR DOIH RS EA TS,

ZZTR, BIEEThO TS5 A% BEICENTT 5,
BROPRICORER, BAT v 2L, HRERELE

Y& Support peer leaders

Y Trial of Correspondence
course by mail % %,
3 e

EERRS IR E < FFoh . MRBRBEEIEREICKETS
B, B2 b, REME. BN, EEF
BEYICITRbh b, WNTHETORRE. fil 2 1$E3E.
RN ARG, BE, QA, BR. HFH. FHMIFLTL
biFhuda s s, FRSKRT U TEBERREISEDZ L
MNTED, BYNICEE LTOHREHR»SBZD. BED
EERTOHFUMEA LR CEE. . k5. ERF
DIEB T EbNSE, TIT2O0FFIEHENT 5.

B VARV T TIREMESERN s AR EE LORET
H5, AL 5~14 EOREDEMAEIX 63%I-DIX5,
2005 £ 12 H#> NGO RACHA (Reproductive and Child
Health Alliance) & THRELEHOSMRLEZEIEL
T7uvzs &L, FEEIRICLZ6H,HAD
FANARBROME., HELWFIR SNAY, 52k
% . 2007 %1 Kampot & Siem Riap @ 2 A B Tk
BlEAE~v—7 v MIEALT, 2HICHEMRREH
L7, ZO/RR, KoionEhTnad kHIc, gk
AE. BHIRMELHETL-DICHAHTHEI LA
RENz, #VYRVTBFEZZOKRICESE, 2EHE
B % 2012 FHIEE GHED A T L ERE L 7=,

7 4 €Y TRRZRMEIR A E L AREE EORE
Thh., FEOKROFE(LAMFL TE 7, ILSI Japan
CHP 37 4 V¥V ®DFNRI (Food Nutrition Research
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= :: > & SR @‘LS
Effectiveness of IFFS/IFSS on anemic women
reproductive aged during market trial at SR & KP

120 P<0.05 Control B0

24 month EHb 24

Hb concentration (g/L)

=3
3

=
S

Anemis-FS/SS (101)

Anemia-IFFS/IFSS (112)
Y. Nakanishi et al. National workshop, In Cambodia, July 2010.
X5 satgaEg / #HD~N—Tv s34 7ILTD
BMZENDRIR
Figure 5 Effectiveness of IFFS/IFSS on
anemic women reproductive aged
during market trial at SR & KP

@us
Efficacy Study of Fortified Rice

130

125
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gLi15 +

110

—t— ExFeP80
i COrtral

Hb concentration

108

Bassdline 3morths 6 rmorths

X6 k@b KODEIHERGER
Figure 6 Efficacy Study of Fortified Rice

Institute) & 3LFEITROSGHELEMHIEL TE =, Ha
MEOER., HATHR I AL D) VBSESZ
DEALICIZEL TWBZ e D, Z OB THELLK
(Premix) 285Gl @EKRKLBATAIILICLE, #
HENRICEERBRETVY, M6D@ED., ZD#ELX
REMOKFBIZAENTHBILERLEY, FlEEX,
2008~2009 £ Orion fTBIX D~ — ¥ v M Z D1t
KEEAL, BMFEREOEMMELER, HEFESus 5
LOEMEERE Lz, ZTORKR, RO 6~9 KD
HEGHUDI N —TIZOWTRIESRE T S Z & 25
a7z, £/, HRINE-BER. HETFus 74185
BOBATHENTHEI LIRSS, BfE. 74V
YBFHE Z Ot EEATRREAFTH 5,

" Process of Project n

Action Plan Il

Action Plan |
% . Action Plan IV Action Plan V Action Plan VI

~.

Action Plan fll

~.

Action Plan Vi

7 JOYVzIvobhDIE
Figure 7 Process of Project

4. Project SWAN

WHO O&REICL D &, RELHBAOHIGEZT S
NEVADKIEBHATIIBAIZIEZ 2 nbh TV,
%< O LENC BT, R4 K O BECR LRI 4 3R
BEOARMIE, R A T 0 RBGYE % 4 0 R 3 HRIC
£ 5 TW5, Project SWAN (Safe Water and Nutrition)
i, JICA DEOBEMBHI7eY 2 b LT, vx
F 4@ NIN (National Institute of Nutrition) & L[FT
EiELTWb, 2078V 22 b TREELEKEMRT
57010, 1) FERAK, K&, RIEFEEICET 5HEE
BTRELVNLVTEET 5, 2) KUPEHERR O ik 4 o
fbL. BRELEKEHRIGTH L 0D, WHORED & ES
DB, 51T, 3) FENAFEHOEMHADIL D16
FHEICESE T, 33 227 —~N— 2T, HEE 2okt
MY ATLEED EFBZLEHIEYT. v b a0dE
WD 3IPHDOIAI 2— VT, HffirL—FTEIEC 7L —
7 (BFE. BE/V—T) PMEEICHRIL TESHEED
T &7, 2005445 2008 Ficb=h, M7ichb 70
t2TcTuv s M EEDEER FlAE X8iHB
EIICTFHOTHOBEBEN KB KFEI N, T2,
X9i2h b &Iz, KUPEMERDOREN & KEDAE S
HHEE. EL KEISKFE I N, 2010 FH 5FEBL
772 —X2 TR FREFL AT —FV IF -4,
HWABRICY R — b F— L EREL. SN 8
ZREL, Y2 M LADEMRVESL 7 2 — X1 LA
BRREB/DINL, 16 DT I 2 — Y TIHHIEAT
W3,
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Health status

Prevalence of diarrhea among children

Tam Hiep

P<0.001

18tE
136 203

Dai Mo

Nam Dinh

M8 TFHOTHDEZEDET

Figure 8 Prevalence of diarrhea among children

. %
A M

Improvements in Technical program "=~

a $ okt 3 BL 1t gvaluation 2" evaluation
Water distribution (Feb 06) (Jun 07) (Aug '08)
N_o. of total HH in the 979 993 1183
village
No. of HHs received water 638 721 890
Water volume

55
(Ucapita/day) 32 52
Cost of treated water
(VND/m®) 2,500 2,500 2,500
Rate of water loss (%) 54.1 48.8 46.9
Penalty against water theft Under "
None discussion Applied

M9 Tam Hiep 3= a1—VOKIMERHEDNE
Figure 9 Tam Hiep Commune - Results
Improvements in Technical program

5. #bWIC

ILSI Japan CHP %, 2001 #FiZ@%7 & TLBR, 10 4
HEEL % L7, ILSI Bk, A, JICA, B
MokEE, BAMAZOEANO ZZE, 72, GAIN,
UNICEF %0 EBHE#HD ZXZEE/T.3 2070V x
7 hE, ThZhERE LT B0 ET, BT TX
BTV, HRCE#HBL EFEd., 7oy
2 MIZBb B REARE S BN T 10 MELEIC B2 5

THELET,

HaBEHEHET T VA7 HORFICRIOEZH
MAEF-TENDET, FHhELERT»ODOTHEE
BEWT 3L, ZhoD@EEIc, BIFLERAME
DEFRNTBMEX 5 &5 BEVHEL BT EY,
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