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<Summary>

In the 20th century, health sciences developed markedly supported by the progress of molecular biology
based on reductionism. But health sciences which support human health have many problems to be solved
beyond the reductionism. In the 21st century we have to go over the reductionism. But a problem to be
solved is how we can do this. Here I will propose some ideas how to do. I will discuss; two types of experi-
ments in the development of science and technology, difference between forward and backward problems,
from one cause vs one result to multiple vs multiple, and from analytical approach to constructive approach.

1. 2UBDIC

ILSI Japan DRI 20 %04 5 BRVEL HF
9., ZTORRITNEFICHIBEOBZ2E25 4
TWeZE, KERRICES LHICKRICHEL
THED T, RIZ—TDORBREL - REBREMEE

IZTETHA, ETHENE [21HHCDOREE]
EVWIRELMEIIEAD LI BNHEZHDERA,
TREBER 2> O ERIEETTERIC K SEEEZED
MELVSI TuP s b EIT->TED, ZTORE
ZIEXY ) — X 21O REEL EAEME | &
SWTHMLUTEFE Lz, ZZTIRZI D211

Health Sciences in the 21st Century:
Beyond Reductionism

TSUTOMU SUGAHARA, M.D.
Health Research Foundation

ILSI No.69 — 3



21 e ORRMNZ —ERETEREBAT—

20D BERETN L REWFEERDBAL B
ERLERLTCOETH, REICBREVERE
TR EFBIZE>TLE>TVB I LT, BENDS
DEHELVWEDEHDET, TITIORINER
BHERLROBZIB I, AE2EDESIET 3
RE»PEERE—FICELTCARILVERBVWET,
DI ERETER LB A LT AT L
EREVWEEZZO,, LWIHFELLBDIZVWER
WET, ZOEHIIVWANWEH3D0TTH, HO
FhoERSDEADEBTCAHLT,

2. NAIN—=H—=3IFIZHoN\WT

Z3ZEDHBEDRINAS—HF—ITEDTT,
BB %42~ 43 CITMRT 3 2 LIk > THARER
ZHIETBEDONIDNAN—F—=ITTTRB, Z
AU DN TI980FIZFA A N B3EERRY VRV Y
LATOREHRETT AV AIDF-LEBLENIAL
FRBEVE Lk, [P FRKRFTH 24, WEZF
BN LTS, ] ZOBBKIZEWZERNIEZ N, 73—
Y= I 7 ORBEIRAMIEEBIRNICBET L0
BRTAELETH 52, KADEE2RFBL T
MR 2 Z & IXWHEZRICIEBOTCEELY, X
TERBECIMET 3L LT, ANELARES
LThEXZOBERIBERL LEThidh n 84D,
BRTCER I3 2-DICBERIZEL Ly
ZVERA, TRIREWICFETSIELTT, Z
ABBERHRETH, EVWHIRTT, 22 T7 A
Y A TRFHRT TOEMOAMELB/HAL T, &
BRORBE»LOLBEEB LU T—HICERL TR
WEVATLERELE L, DmkEOMBREE.
B3 e & KDMBOREIZOWTEFMAETE
2TV, Thid LicEBBE2RELADOTT, &
ZABENRarEr EFBE A, BFR
EREFRL. SIEADOL ZAICEEERO AR
K=DFTBDTT, WAVWALHBELTES®
KE»SMREICEASZ LS ICEDE LA, ThiE
ADHERILOBRIZA T CEHELZThEEA L
FTOL S ETOYHZEDORYHF T, ThTiE
EFCnEFEA, RBHRTIRE > L BMER
DE#LE LA, ST TERICELSEbh
T3 EFEMEDOR D FH & AKISHEBL 20T

To WHINETHRIILTEZE=Z—L, MK
RHHEAE AR LIS ARETEVE T, BiE
DBEVNRRIGDENE —D—DEIDENE .,
DhIEEBEREOBRIWMD Aha oK H %
ERhTHREEZED TS EDTT, Zhick-T
TAY G TIERIL B2 - 2MREEONRS W
XRBEEICBDELE, ZLTAHBSHTIWUR
BFrohTngd, :

RERIET A ) D OBRERORIE L BHZ TS
ERBECERTIE. ARGERBRZ T2 25
5. ThPRZEOHF LVHETH 5L 0WHZET
T

3. BEHEBNZSA L

iR T2 6 [BEHBEEITOR ] Lvv5ar
B 5 REHRIERO YR AL FHT LT, K
BRIV A, ZEERBADOHEICELE S ST
WE L2, LIEELENAN—H—ITREDS
LOMMEBEROMEST o 22+ “BZADY
Arabary” (1975256) O—EPTITH, & D
OB T19924R1C “UEAREIRGHR & A 1RpH S5
BEWSEERR #bMELILE, 22T,
BHBREEAZIIBETEY 22855055
DIREHRPG B D BRI 5 5 IGHREEDE 2
FRELLVDOTREZVWIEES BEEEN R X
hEL7, I ZOHRICOVTE S IR 25T
BH1994FIC BT F 4 LEZDY T (.
Radat. Res. 35, 48-52, 1994) L W\WHRXA#BE L
Feo ZHELRZOBMBEIZRBELER KT T
T, BAEOBSBRITBREDOTIBIZH 5 AET L
DHEBRRHRGERB 2. BEREZTRE
MEICHAI L TDNAIZBE SO X, ZThBEARI
BEHINTLEBE,LTERS, Z25BADY
27 PBBICHFILTRIDOZEEFELTOET,
LA L% Z TANEIDNADE D & A &S ik
BEREFE TOMBEES . & THERMIC
BUDERBEBASREVDTIRENTL &I,
ZHHAERNISE T2 L0503, ZhidsD
EHEN LRV BETEENDTL £ d 4,
Bl Z IS BOR RS BOR & KEBSIMR & O s b
LbZOMBEREILTWE Y, 20223 Mhd4d

4—1LSI No.69



21 HcORRMNY BERETIRZEBI CT—

MHRVENLDOBETHOHRITI TELZEDTT,
Z T TIHREBR R RBEINRRIC X - THIlBD DNAIK
BEEAUCHEBE. SR LU THkREZ1AMEBBD
DNAIZRONZERERL LTOELL 2B L
THET, KBEABROBEITZZIOWEICHS
PEEERDD. BTHALVEEDLIBEL5VT
T, LA UREBROBEICEZOL S kBHEIRR
bhEdA, LZA3BKBEIMROBEIIET 2
Uh, VT A B EOHEILIIEXDDH 5ET
BHRBRET%OBNTT A, REEOHEIL
gV ET, Z0HA. RESRIRISKRED?2
RPIFJICEDDTY, BEROBEICZbhbh
BFENTV 5 FHARBEHRBRAER TRBGHRE
BEREEVE TS, BAOHMEIROhERA,
L» L. FIZEB. RIGOFREREOBENH» S
RESRERIERI SRED 1R ICHFT 2L T
bhtngd, ZThidRFE#ZEALIIZ. RED1F
76 ZHIZDNADEZDEDIZ& B LiEHT L
BEARV, LW T ELEBHRLTWSLEWE
KR
LIANERRTENE., DL I ANRAIRERE
POBEADOEAERIZLZ LWk, ZOHM
COEGKEHMALAHREZNDTYT, ZOHEMEX
LI TLEI D, AL LB FIIHERNE
BELDHILEIDOTTH, TAVRBRICERS
I EERICRA 320 R0, ThBIRADHE?2
DEFEM T,

4, 1 AVRARISTI0RERSESRS

ARXYEZA25TEEIDER, LEEFET R
ZHZAHEYET2EN., ZOHBRRZE2IET
FTEHERLEAFTRELTCVAHLVEBTY, F
BR10EIRHICY 5 TORII0BAFEELEZLTCEE
AE6AT, 2Bk 7=RBX s 7 T \Ofaf %
EeEHEBATERIELTESVWELE, 2
D> TEHFE—-SBORSICHED. BEEREY
TES LTIHES b o 2RV EFRETHE-
FREBERSRL L DI EIrINE LA, 2
LTI bid5E TCORBERFNEHTEIZLS
DREVH LVWEZZHBEIRETHILEVIE
RPB< HEhi Uik, Zh3EHETED QR

FPEEBLTIEMREDTY., ZhEZTTH
BONEDES B HFADOFEH+RIFEEFR LI L &
SERMRLTCLEVEL, ThPERETLEE
EBILIEVIEZOTHTY,

5. BOMEETME P X LI X

B2 [PHEZOIE,LLDORMDEZ K] &
5 Z & CTTrans-scienceDE 2 & T#HA LD
B1990EDZ L TTr L, 2hr 63 5104 L
OHMREBE L, PFVAFL TV ALIZ. [
BEIBERN LG R Eh 55, FRDHEE
RERETRIBIEZVEDETVET, o TH
BEOBPIZBMEZELTITEL L OBEKEN D
VRV ABBBEEEELIORE T, ZOFER,
B#IA. M. Weinberg (1972)1Z & - Thkghig 1o B
LCflibhg L7=45, $RITM. V. Tracey (1989)1= &
S>TEWEICSHERL EbhELE, AiZZD
BRBRGHEEROEFIIIREATOE LS, £
ZTRECHBNZ &) IUEREREROEEL W
SO THE 212K {. Weinberg BAAEXZ > T
TRREICHDHE L2 A 0WVIRRBIZHAD E L,
P> THBIZR LS, BANBE IR CHREIC
WMOMATEZZLICED T, 24025 &
HIZHEZKEL L5 A THROPBIEN G RO ®
DTHHIERENFRLEATHELEIBELS
EWVWS LT [BESHRBE udxs ] &0
SOFBHELEZ, TOEMICRBECINTSE
OEHEE—DODORELLTEHEEThTET, Z
DE>EHERDI LI, ZOFI[FIV2AH4
TYZADNGPOROMEEZ LS| LW HEHE
SHRREZ N, RO WS ZLEXHRIZLT,
FIVAHFA LY ZEBEICBWTED XS BRA
DERODE LI, EOLIB8T7Tu—FB8E15
har, 2ZEZBSE5i6h% L,

FI3FAEIE 20005 11 AR REE Y
I FOFLWEHE LT [RADHEEEEIZOWT
ZIDFRHBET A —F L] LVSOLBEELE
Lo ZZTOEENEZETORADOEEIZ, Z
D& BRBRDDOMBRIBRBICHEDRS » 5 %
FELZZLEHBTOM, HLETRRBLELTE
DEDULE,TIEEBBIREEDO,, 0

ILSI No.69 — 5



21 i ORREZ BERETIREBAC—

IRMTUR, B2 6 BICES s
DRARE LTHERY Y Sh Ty, L
PLBHLETRRELTZOENMEHERT S L
THIE, ThICEELALFEELENEEDT
Lidd, MpZThEZBIFLOFERD HX
XTLEI D, EEDT7 x— 5 2 TR IOMEIR
BLEEFEIoEDE LS, Zhitdtbhdbho
W bDBETHILEVET, ZORBEDE
DEEZDEFEFWMOHFLIHF LV HERIZLRERETT
TIRVWEFLADT, IMICLTZhaROBL
ENB L) HENPEETT,

ETCZH L TRALDIZEOLPOREEZET A
FL2P, ZhZMLABAORETEEL. b
BEORIEHEM SR EVEFERD 2 OBRERE [+
RELLBITHUORERMEBARBLT] 02T,
21 DORZEFEMO S D HF L LT [#H LOEIZED
INTE 4 LADRIH] #IBZ, 20HHEIC K& LR
FND - BEEUNFLEERFOBAINE L%
ABLTHWET, WEnEZhTRESILTSE
TORZEOHLTH > -BRENLFREFOMA
BOERELCFEICHOMZ LS TIEDEEA,
ZOe Y b ERBIEDIC, BOrFLOVIORE
B THI-VERWET,

6. [HD2 O] IZ%2A (1) ER&
D2oDERE

HOBRETIIREHHE D TRATOE T,
ZDLEICRETRIZNRS- T, ZOHMFHEZEH
LTCEDEEZIOREMTHS., LEALTD L
WHZ LI ET, TEHLHEMIBEOTHEL
W ZEIZEDET, LALEANYIZERATRVLT
Lidd, HRLEEDNBEEDOBLED > E Ok
RIZEETEHDEVAEOESET S hEThiS
SIMIRIZIL > TOE T, HEFIC S IR A7
ELTWDIEVDD EHA, 22 TESRIEL
ik OME, ZOBREL 5P LESRATE
ZTCAEI EROET,

Bz IE, —ARR &R 2B IR E 4 Bk
ftLE5 L T58DTYT, BESHEAEOEIRLAR
SEELEELEEOHEEERLELE T, L

LEMRiZICE > T, ZhED0ERZZERTEZ
LZERYITY, WEHEREINDAZILEEMRTS
IWTH O, HWEIMES Z LA ERT BT
HBHELEABTLED, B ODVT, ES5L
T, EDESIEZhBHRTHELDOREBEMS
SETHDOBRPETHD, TRHISK L THEISHW
b MEMBEED TESTHDHREDDL
nTY,

RTEREZZLEL &, BIECRIRH & RETE
THEDICERELET, TO20EROEMHI
H 277 B, BELLEST, ZhiTLT
FEfiE3assRE L2 on, BEEEDICE
STWVWEAPEMHAETEDIC, HH5VISHEMLEE
B OREFADIZDDF— 2 e 7-DICEEE L
9, BREOREMOERIIBGELEDITT
ATHET 2D TY., ACEREVSTEID
EIRBERNRBORDHEILEEETEII LN
PBETT, F2EDDDTR, ERTTF—4 %
BohtWEBIZEZBEORER, F—242EHALE
9, Historical Control2 & L E» TEX TRAVE
FEBEIPEVERRHDE TS, ZThEEDLSD
WEZBDPEPZEONIFBLEDDOLDDIFLT
BIZLERBTILESRHEDTRIENTL X
DM

7. [6D2YOH] %A (2) :JEM
B URE

METIR. D2EABINTZOREREIES &
S, LW KOICKFENICY ., BMENICLREA
DPEBRALEIHROFEABAONET, &2
AHREDDODDOBAICR LI LIEZABRAIZ
B, fEBZRELZODOABMPEIZH > TIThEWD
A20A0MKE#MASDETES> T BT IE
DA, ThZHEOFEI, S E S LHHE

LEDIBRAIEEA,

ChEEZLBROBBIZHTEDHTELTA
FLxY. BERIIHP»PAEERD S, ThEiRDIT.
BrLEfFoTEhzEzBEII>LLET, ThiZE
HRICERZTHOIERE LS A 3, RERE
LRI T2 EVERETH 2HEREELIRI O
ELTERIZHAT B L THhiE. ZhiZERICH

6—1LSI No.69



21 DR ERBTERERI T—

L3&DTLEY, LAL., & UEHIBOEESLK
HDTRFERRBERD 2D, EHE LT ELT
T, ThiZd DO DICETEIEDLFABZD
TREVTL LI », THIZTHDO E»IZH S
REEVWAALBDEMABZEIZE > T E
FEI2ELTWBDT, MEDONLTHRERE X
R¥T, Zhi3glEL 553D T,
BEORBEERT O L UTEEFEI RIS, K
DENPADERDE S > TEhBFEKICEEEL S
AL ThiEZhPEERICED 7, RFICR
FErRkpaLxitid, 22rErHEBEBIOLEON
H¥3LBELZONEVDT, 5 LTEARARE
EHRBIEhEVWTLEY, ZHhiZEDDLD %
EZ2H5L5h050WERVWET, MAEREEE
BEAELZLEEZTCAEILES, Bhkidh
BE—BRETTH, ThTEEPEOHEELE
¥A, MiEZOh> TEBEhAEVEL S ICHEXICT
e, SEREL (H»TORREILED T,
Z I CHREN L REMOBRHE X 53R ENED
BRI EEZID LW ZLIZEDE T,
ZOREUMZEB LTI THEOLNZIEDOTEHD X
¥h, RAED7-DICIIHREER S LBIZESTL
£V, ZNODENTRICEARELEZ LR DD
ZEIZ AL B LTI CZOHBE I EDR
B3X3I28BTLES,

E¥%2 G0 -@EREIE. ZO/ERE L MM
BLOWOSELBERL _HEXHD I L ETHIIHEDC
BOTARRLWERWE T,

8. [BEHROEMME] IZ2K (1) 1 —
bopalat SOE

BEORZIRAZZIE. TVANE0E
Wik % BE L TR E 5 By, T8bbRA
EZWT2Z2L200BEDET. R —ATER
DIRRERH->TWBZ L8 HBTL &I A, FHI
ELTE—20RKICH LTEhIzHIBEd 5 —2
DER»MTDOI S, BIs—x—»EATT, La
ULARABBERELE LD THEZ L E2F AT
NIZBEFL LT ELE L0 TRENTL &5 4,
WARERNS A GEEEZRRICE S THWE058
DLAERBLEDOTELZNTLE> D, £9T 5 &

ZhBBENWSI ZIHDETHR, ZATIEZHh
ICH LU CTHEOFRZ LW ZERNBHBTLESD
2. HEZRE/BED ZBABRBRE V43—
—3I7) BRERPAZOEDEH->THED-3D
TEH, BEHOMETTHRO AFAREIHZD,
RBBEDOTUGENR AL N0 WA A SERH M
IS ULTELAI LRG> TEELE, Th
BIEICHEBEEREE LTHEF L CEBICS HED 5
HHTNWBEVWSIZLIlE-7Xd5TY, Bib%
X% L) BHEERISHE UCTHIE LWAEES I RE
DL,

BREBELOOIEBKRE. ZO0ZHELELL
BHBLRTWOTRENWTLEY 2. BROE
HLZHRTYL., BHEITRELZRERFEEA
ThET,

9. [BMZOEMYHEE] T2L (2) 149
W77 O0-FH5BEMN77O0-FA

EFELMOBZIZENTANNICERET %
THoTEE L, TOREERRVBIZTFZA9
ERBVWET, L2AL, §R%KAbMFJ AT,
Systems Biology® & 912, Zh#amicilAaEd
BB HBEEICE->TETCNET, WRTHLHER
R b EBRARBVWEZAIZHDBENHITTL
I, [BHERONAFT7 4 V92 A (H1
RR) EWIKR»EZDEFEFIHLEL &5,

S BN 7 Tu—FL0n50i13, 33854+ &
DEHEEFHTTHRTLIZILEDEL, 208
BT20AEGREDEIIHGBINL-NLERDITZH
EBRTT. NRETHIHZEEDHTRETIE,
KEBERERIMENR 2 EATEEY, Thoil
BRTBZLICE->T. ZOHEEIENBE =D+
BEGEHLPIZTBEDTY,]

F BT 7a—FORMNEBEII G 7 7o -
F T, IR EHFOELN EFHETYT., Zhid,
WhHIREROLEZHE2REOT32L 03 &%
DT, $LELERENDEAL T,

MIZBZ0E»T, BEZFBL+TIEBLOR
HBAREEETEEVWLALBbIEDTY, i
FHODDE-HTT VDRAEREELTCHE
Lido ZLOAF— MIRTERIELELE

ILSI No.69 — 7



21 HEDRERF—ERETEREBA T—

STVWBAEMBPAEERDENZ B3 %
L7ze ZOAN=B0MPD g-huF v BEREL.
FBEETEIIOREMENZ LEF2DEL
oo ZDEIBHEOHIDFT—-ENEL-HUT VD
B APHHRVEFEERE L, LALFTAE
ZOREPIITAHNDO LS ICHEENT LR, g-hu
T VR RATHOMBBEEHTH > bhE
AN, Bo»Il+455&8TREL57=DTT,

10. £&B

T 21D LW BEERIE ., Fl 2 ISR » &
EBERF+BELT2REMZELERT S L THIE,
AEOBEEZLRBZOMEIRETSALDHE
YDA ABILTT, 27, EXRTLERICE
{—XHW—DOREZ ZRERYTEXRNE & &JFHES &
MOBTHEABZVDTIEENVTL L2, 5.
ATEWENZOHEENAL ., TORRESEL L
CEBRALTWBDIZLBEIhT, ThThunef
FZTEVWERVAATHAE AR D ELS BNWES T
T, LAL., ZhTid2iitididp@rhxz i, 7
2T, BEMEBEE RIS EALLZILTIOR
EFRODBADSHTREEZAL -VEROVE T,

(1) BEICOVDTONSFY IR

BRYLEEE ZIIREDORTISOVWTEL X
TVVF - NF Py AL L TR NAL
T Ry s 2PBBENTHET, Zhbde%D
PHROEDTALEZLDOHBEITT,

BEETVYF - 35 Foy 2030, M
WOT7 7 ZAAR, MERPAFIVZTO—-LE
B ORRKA L B E S 2V D REIRR I
EBWEEMME, L3 DTT, Y75V
ZANRZRHREHRTA VERO»SREZLHERAL, T

FHDESIZ74 YOERICELRTOET, £
DHINIZBEE - RUPR L EOERSHMAIC
mieshTagEd, £/, 7AVHY -5 F o
ZFAZE S THEONEBREOLETHS, ZZ2TiE7 A

U NSBERFOBRERS L-DIis, —mIZiERg
BEETHICHEITCNE, L3 ZELEF->TW
9., ZHRIIEBICHITARBI 285 L 8HERRIC
BEEEH» X R Boh bR EEMINET,

ZOMDEDEERKT, ZThoiZAALZERER
LR A MM N —IHS X TEBR LTV
DT, THICADEVWHANMTET, Thi/s
FRy I AEFoDOTTR, LERBIKKES.
s WAARRRTREISZDT, LA ZTh%
BEDLDICREL TW20OBMEWT, Z2hI
Z—X—DOHBICHE L T TREHEIS DL &
BBZEAERLTOBEROET,

M PIZIZEMONNT Fy 2280 %,
ZOFEHNY T L 285 Fy o 2ATY, BIRE
LEBILTVBEEAOBRIZZULIZLIERE X
AN LDMEPRONE T, ZhiZ—Rin
VU LBREERO LS ICBbhET, L, Z
NEIERB IV Y LOBRARRD /2T, hLY
YARRBD =D ICEIFRIEILEY B Eh, B
POANYY LEEREL, ThOMEEANDID A
AERETE2DTHELELILNE T, FIZR
P EEHRIRNTCIAI Z——TD/85 Fy
2 ATY,

(2) HROERF

RVEHPREHRA—DOEFETHS LT &L
CHEHDOEEDTY, ZOLEPTERHIIPEOE
FIIEHEATHE T, ZITHERRE - BE%
SH1999FEIC [HRORE| LW EREHMRL T
BohgEd, ZITRELDEMARBZINTIO

K1 I ERCIBIFBISRYIX

French Paradox
Japanese Paradox
American Paradox (1)
American Paradox (2)
Ca Paradox

7V ZAANCBITAMEI LV ZTF u— L iEaiREE
HAADKERDOE & L BRI &

7 A Y A ADEHEEETIC & 25 b 5 Z W IEROBM

TAYAADT I - WIEHBEOHEN KX LRERET LI - VED R X
CaRBICR 5B FHIRCatk®E

E—1LSI No.69



21 I ORFERZ —BRETEIREBAT—

&2 | 24RBRODIICLDERBBROFTHEUR T DFHE

PR By KEDV—H— TRARESIR L U 2 2 O

REREHR 7=AEE Bz, I MR

gy Yy BB BIE. EREIME, ORFEE

A W KT DOIEHL MRS, BHRE. A ivE. 3UE.
BIE. SRR, ORpEE

FrUYA Fh YT AEHE BIUE. B, BE

HY DL B T LIEEE =1 S

S S FA VXV LERE BIUE, RS, DffEE

S Fustxy Bz bL X BIE. BAREL. BERAA

TFIVY hqinkogeRr i

vy ,syy LN BHRE

FAELEYV IV Y

B » o MEOEFORREZERLTbohE T,
ZZTZOHEMEBATIRBIE DD FRAR,
AN, FAEYE, REE» DEERE. LSBT,
BELrWAAiLhFEP»OREVPRASKhTVE T,
ZOBREBTULIEFEC LI DI TIEHD
A, BIBRENOHFEIBDTEIZIIDHED,
BRTHBLENSZLETT,
LU, Z2OH2 58I icEALTE
ENORFEEAI LVSHEBEFATET
7, RIBOBRAXRLIZIERTAENZ L, &
Bl REHBOBRREL NI &, MFOFHMEHE
EBBAE LS ENSEZ L, BEREWERBLA
N3 e, TOEICAOBEEZ S BWI L, &
ENRBELTELIONRT T, T-ERMELFE
DEPTREL LTEREA, XHEhTn3L
Wo 2 ERERRES X LRI T LR TELEN
TLlL&9,
HAFOADBHBEM->TZOE S LEFEE
LAa7zneThiE, —RZhE2EDKSICHDA
hTCOFREENTLEI D, TOEIBILDH
IZEHT LD 21RO @RERIZ O SR h 7,

(3) 4EERLSAF S D

RHERARKLEHRIBEICIDOLUADOA
HEBEABOERNS . R2UIRT LI, 245
BRO M A ELBEY 2270 FPRIICERIDZ L

EFHFESH 2001

ERLTEZ Lz, ZHICEDWT24RRERKRIC &
HBEE=2Y VB LOVET,

ZOE=ZZNV 7R, BTERERTHD OIS
EROVTWETHE, Zhitk-oTnBA0WA0DR5
DEMELHFSIL ., @EHELX A5 L HEE
EEVTVEYT, —D0ORAELTEALZVE
Bunixd,

ZD X521 OEERIZ L. HROBRE
ToH) BRIEO FER Z WS & TR K X 5Bk
REHFTERLIILTE, RITH ZOH L it
KRB ZhEROBLATHLVBEE,» LB A
ZElEkoT, FIDTHBALTCBRILNTES L
BotThwgEd, 3IRPREHBFICRZhEETTS
HEdD ERAN, AEXFTORBOERREIZZD
ROFENAHUTERE L, ML DEVTT,

SEXW

1) HETXE. [<ED2K 0> B8R, &
FAEE A F T (1998)

2) ETFHEHR. [BERONAXTT 4Dy 2],
37 AR (2001)

3) HAERXE- - gRBE2EE. % 3,7 - X
AR, (RO RE], etV 42— - Z8H
MRt v & —R4T (1999)

ILSI No.69— 9



21 HEDEREF —BRETERZBA (—

4) EHEZED [EFVFHRTETDOALIEE
1. BELEE Vol 14, No.5 pp.226~238
(2001)

s P
EBE B (THE5 D&ED) mxmt

19444F REAREFREER £

19504F KRERA IR IR Xk
ZEEERAHEA

19564F B BRI AR R

19604E BEREFRAMERER

19614 TANREEIR (RIS s ERE )

1975 AR REEE

~ 19794

19804E TUERE SRR

19844F FRE
MHEBA SEMESHEE BEIES

19994% BRI ABMERE - YY) 74 ¥ 3 VIIRIER
MEBEE BECES

REAF BEBIR

TR EL R ERR
HEREFRGHFES H52E8
HEBSREESS 2558
HEEREIFS 28528
HENA /-4 — I 728 %08

10—1LSI No.69



[#55 (Glycemic Carbohydrate) & #2585 ]
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<Summary>

Amino acids are utilized not only for the materials of protein biosynthesis or energy production, but also
for various physiologically functional substances in the body. In general, most of physiological substances
are peptides composed of amino acids. In this case, functional substances may be included in the food or
produced by the digestion of dietary proteins. In food, there are many amino acids which are not recognized
for the nutrients, although they or the peptides composed of them may show the physiological effects in cer-
tain cases. Therefore I summarized the physiological functions of these amino acids and peptides.
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Safety Assessment I-5

Safety Assessment of Dioxins in Japan

Ayako S. Takei
Scientific Adviser, ILSI Japan
Principal, ICaRuS, Japan

In the previous four articles in Safety Assessment, the regulatory systems in Japan to evaluate safety of
food additives, agricultural chemicals, and general chemicals were presented. All these classes of
compounds are developed, and synthesized by man with specific purposes. In environment or in foods, there
are many compounds other than man-made chemicals, which may pose risks to humans. Dioxins are one of
the typical examples of such compounds. This article reviews the system in Japan for safety evaluation of
unintentionally synthesized compounds with the example of dioxins.

In Japan dioxins are regulated under the "Law Concerning Special Measures Against Dioxins", which was
enacted on January 15th, 2000. In this law, "dioxins" are defined as to include polychlorodibenzo-para-dioxins
(PCDDs), polychlorinated-dibenzofurans (PCDFs) and co-planar polychlorinated biphenyls (co-planar
PCBs). The Tolerable Daily Intake (TDI) for dioxins including TCDDs, TCDFs and co-planar dioxins was
established as 4 pg-TQE/kg body weight in Japan in June 1999, following the safety evaluation of dioxins at
WHO in 1998 (See Figure 2). The principles applied in the process of establishing TDI in Japan are basically
same as those employed in the evaluation by WHO. The average daily exposure among Japanese population
of dioxins is estimated to be 2.60 pg/kg body weight based on the monitoring data by Ministry of Health and
Welfare, Environment Agency, and rural agencies in 1997 (See Table 2).

The current TDI is to be reevaluated and revised as necessary along with the future progress of scientific

researches on dioxins.

Safety Assessment |-5 AYAKO S. TAKEI
Safety Assessment of Dioxins in Japan Scientific Adviser, ILSI Japan
Principal, ICaRusS, Japan
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HMRESALFRTRDOBY Th - 7=,

- XA A FVUOEMES, HENZBETES
N O A 5. TDIDEHIZIT, i
&2 (NOAEL) & %\ixs/hEM&E (LOAEL)
2. FHEEREEBRT 5 5kEHN5,
cHAFFVVDEICERELEL., D%
DEBIIAKEEBENR SN IWEIZDNT
3. BEZZIZO>WTOHEBHEBEEOREIC
BRLU., —H&»72200BMEL D S, hARH
& (bodyburden) ICEH T35 HBHELETH 5.
REFELRBRIC W CEHERE S L2 KIBD
EMENES. HERSEE. RBROGHEE.
REBEOBAXESE2EEO L. BIELVLODHE
WEH R CHEERIGHEED b h /-8 % . TDI
HEDOXNR LT 5,

- BMEBOER, L MIB TS TDILERE
T AERICIE, PHEEREE S - R4 BERR
HEMBIIKRESHELRITTOT, PHEER
BoERE,

HARIZid, WHOHMRSAPRE L 2XBT
—ZiICMmA. BREF - EEEAREMIR2A TR
PR 104F- IR O STRR & Sl IS RRET U 726, iR
Ty P EAVEEERORERBIC BN THE
N-RTRED . ERESAEAER (). RERWH

(#) “EOXR/IDEME%100~200ng/kghE L
U7z, EHUE & 735 EER» 5. ZOoRDENE
ST 28N ERRIZ86ng/kglhEE B D |
Zh e tOoBNEREE L TCEM LA F—H
BHRI343.6pg- TEQ/kghE/HTH o7, T HIZ,
EBEEETRESBIEEELAVAEZ L. A
BRBEFHAVWAZOTEEZIZRELANWI L, B b
BEE D RBRZEMENEELIONSIE, L}
EURBEREZOMARARL TR I LEDH
A5, PHEFESEK10%4EHL T, TDI% 4pg-
TEQ/kgthE/H & L7z (M28H),

(2). REROHEE

HEIZBI 3444 FY VEANORBRIZOV
T, FROEBICER LU -EEEORBABTI O
ICRBEF RO ARRERERELZE=2Y
SREEREFICE T E, F2.60pg-TEQ/kg & HEE
xR, BOREEO VAL EIFITREBE 2V UIRE
WL RNIZH D ERREIN TS (R2BH),

(3) TDIDREL
FAXFVVEEANEZ2EHTIE, TDIIZDWT
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WCETWTER N BEOERETH - THEXT
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1 o 1 9
3 Fol ? 3 o 7
4 8 4
PCDDs PCDFs 8
3 2 2 3
5 6 6 5

7% +—PCBy

B1. 473+ VBOBE

®1. SESMER (TEF)

L4 TEF &
PCDD 2,3,7.8-TCDD 1
(B VIRALY A 007N -5 H%y) 1,2,3,7,8-PnCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0001
PCDF 2,3,7,8-TCDF 0.1
(& VALY ~ 27 777) 1,2,3,7,8-PnCDF 0.05
23478-PnCDF 0.5
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0001
3773 —PCB 3,4,4’,5-TCB 0.0001
3,3’ 4,4-TCB 0.0001
3,3’,4,4°,5-PnCB 0.1
3,3°,4,4,5,5’-HxCB _ 0.01
2,3,3’,4,4’-PnCB 0.0001
2,3,4,4,5-PnCB 0.0005
2,3’,4,4, 5-PnCB 0.0001
2’,3,4,4, 5-PnCB 0.0001
2,3,3,4,4, 5-HxCB 0.0005
2,3,3° 4,4, 5-HxCB 0.0005
2,3’,4,4,5,5-HxCB 0.00001
2,3,3°,4,4,5,5-HpCB 0.0001
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2 0 8
4 8
PCDIs
3 2 2° 3
O—C
5 6 6 5
Co-planar PCBs

Figure 1. Chemical Structures of Dioxins

Table 1. Toxic Equivalency Factor (TEF)

Compounds TEF value
PCDDs 2,3,7.8-TCDD 1
(Polychlorodibenzo-para-dioxins) | 1,2,3,7,8-PnCDD 1
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8,9-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
OCDD 0.0001
PCDFs 2,3,7,8-TCDF 0.1
(Polychlorinated dibenzofurans) | 1,2,3,7,8-PnCDF 0.05
' 2,3,4,7,8-PnCDF 0.5
1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0001
Co-planar PCBs 134,4,5-TCB 0.0001
3,3,4,4-TCB 0.0001
3,3,4,4,5-PnCB 0.1
3,3,4,4,5,5-HxCB 0.01
2,3,3,4,4-PnCB 0.0001
2,3,4,4,5 -PnCB 0.0005
2, 3,44, 5-PnCB 0.0001
2,3,4,4, 5-PnCB 0.0001
2, 3,344, 5-HxCB 0.0005
2, 3,344, 5-HxCB 0.0005
2, 3,4,4,5,5-HxCB 0.00001
2,3,3,4,4,5,5-HpCB 0.0001
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BHELCBIFSY A I+ VEOR M

B Y B Y
U E tRPI SRR
By EREE 72 $FHEE (Body Burden)
w5 E T_-—_’ 86 ng/kg AE
(LOAEL)
100~200
ng'kg RE
FizE LW
v *———-—I <
—HENE HHNEFNE
®NEHRE e (Body Burden)
AEAAHE X In2 86 ng/kg AAE
43.6pg/ke HFE/H IR 7.5 4 X RIE 0.5
THEERE . 10
Wi EEEETRRCRASHEERRVE
KRANEY AV O TEEEER LV
t MIE ) RSHSEC L EL 5hD
b P ENRREGEICET AMEIRRELTVA, &
v b
W& —HENE
(TDI)
* BHEOZFEHEURBRERD ) b, RELA
4 pe TEQ/kg HE/H VTHEMEELE L7 b 0% BIR
** fKE kg b7 ) OFEE

K2, dRaEEZRLCY(FFI UV OMBE—BEERE (TD) O8E
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Experimental Experimental
Animals Animals
LOAEL* Measurements or Estimate Body Burden
100~200 86 ng/kg body
ng/kg body weight
weight
Equivalent
LOAEL Body Burden
Formula .
43.6pg/kg body Body BurdenX In2 86 ng/kg body
weight/day T .2 ;7.5years X AR**; 0.5 weight

Uncertainty Factor . 10
Rationales; Use of LOAEL not NOAEL

No consideration of spices difference for use of body burden
Lower sensitivity of humans than the experimental animal

Insufficient data on individual differences in sensitivity among humans etc.

TDI

4 pg-TEQ/kg body
weight/day

*  Selected the lowest LOAEL among the
existing data.

**  Absorption rate

Figure 2. Establishment of Tolerable Daily Intake (TDI)
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-5 BRFRICHIFTDIA A+ BOREMTHE

K2, BRICHBIBIM A+ RRBEDHETE

A& TPROEEASTOY A%y Y BRERHE (FLE) R
RoLEE RaBERE/A | RRFOV (T RE FARVARRE/E b ¥ A BB R kg kB
——>p (ERFEHE) s
A (2) B (pgfe) C (e (pe/ke) et
% 97.0 0.776 75.28 1.506
SRR 120.0 0.174 20.87 0.417
g - LA 133.9 0.070 9.42 0.188
HRHE 98.9 0.050 4.94 0.099
XK F 166.2 0.025 4.21 0.084
s e 182.4 0.007 1.31 0.026
- 205.0 0.006 A X B 123 C/50 kg 0.025
E'3 166.5 0.007 1.18 0.024
WiE. BT 34.2 0.020 0.70 0.014 2.60
RS 16.9 0.031 0.53 0.011 60 reke
MILAR 5.5 0.073 0.40 0.008
= -G@mL& 72.3 0.006 0.40 0.008
BE 118.6 0.002 0.21 0.004
K 600.0 0.00003 0.02 0.0004
&3 2,017.4 120.7 241
RiE
S o KREBE: 0.55pg-TEQ [Tk 9 FATAFAIMKITISIT 5 KRH LY 0.17
> HE=ZY V7 BERBN
o —HERGE:15-
% o MR : 22pg TQE/G[TER 9 EEREFY A A XL/ EORE /(1 0.0024~0.021
v MAERER]
» o HEO—A%USIOROERE:
FH/RA= (150/50) ~(200/100)mg/H
o AL LEMNLORERUBTEORELEK
xin 0.19
Table 2. Estimate of Average Dioxin Exposure Among Japanese Populations
Foods . Monitoring of dioxin contamination in foods in 1997 (Ministry of Health and Welfare) Digox;’; i‘:’:;;;/tkg
Food Category Food Intake/day Dioxin level Dioxin intake/ Dioxin intake/kg {pe/ke)
> A (g) in food man body weight l')l‘ota?
B (g C g (perkg)
Fishes 97.0 0.776 75.28 1.506
Meat and Egg 120.0 0.174 20.87 0417
Milk/Milk products 1339 0.070 9.42 0.188
Green/Yellow Vegetables 98.9 0.050 4.94 0.099
Grains/potatoes 166.2 0.025 421 0.084
Fancies 1824 0.007 131 0.026
Vegetables/sea weeds 205.0 0.006 A X B 1.23 Ci50 kg 0.025
Rice 166.5 0.007 1.18 0.024
Sugar/Sweets 342 0.020 0.70 0.014
oil 169 0.031 0.53 0.011 2.60 pgke
Processed foods 55 0.073 0.40 0.008
Beans/bean products 72.3 0.006 0.40 0.008
Fruits 118.6 0.002 0.21 0.004
Water 600.0 0.00003 0.02 0.0004
Total 2,017.4 120.7 241
Environment
Air e  Dioxin concentration in air : 0.55pg-TEQ/~ [Air pollution monitoring in 1997 by rural 0.17
—> -agencies]
®  Respiration/day . 15~
Soil e  Dioxin concentration in soil . 22pg-TQE/g[Pilot monitoring by Environment Agency in 0.0024~-0.021
19971
) o Oral intake of soil/day -
Childre/Adults= (150/50) ~(200/100)mg/day
¢ Dermal and inhalation exposure considered
Total 0.19
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REMEME I =B E (5)
1IEZPEDFNEREICET 37 —4

SEO [V - XREMFHE] TIRN LL 510, WHORUHARDBRER - EAEAREMRE
BT B84 45V VEORENFM TR, WERICBT S5 —HY 2D OBIETTIEEL. HZW\],%?E?
& (Body Burden) | #FHWTIHA—HEHRE (TD]) 2#HELTWE T, [RNARERE] L. RO
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B0 ANEICET 57— 2 M EWEOREEFM £ 7> L TR T ZLDTEAVEEAERTY, |
ﬁ%mm%&ﬁéﬁwﬁéﬁ%MDﬁﬁfé\%Ewﬁ%-WW-%ﬁnﬁiéf—ﬁéﬁﬁtbari}
RAERICET 2RAB] AERShATOET. —RLEROBA S RIABEESEDN I WHEIC DV T |
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FOICRAFREERLE VS TN TEBZTLED,
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Activities of ILSI Entities
* HESI Executive Director, Dr. Robinson in Japan

e The 2nd ILSI Intemational Symposium on Functional
Foods: Scientific and Global Perspectives

AYAKO S. TAKEI
Scientific Advisor, ILSI Japan

KAZUO SUEKI
ILS| Japan Task Force on Functional Foods
Roche Vitamins Japan KK
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HESI Executive Director, Dr. Robinson in Japan

Dr. Denise Robinson, Executive Director of the
ILSI Health and Environmental Sciences Institute
(HESI) visited Japan from October 26th to
November 4th. During her stay in Japan, she intro-
duced the activities of HESI to the scientists from
industry, academia and regutatory agencies in Japan,
illustrating the ability of HESI to provide an interna-
tional arena for scientific discussions among scien-
tists from many different sectors to resolve issues in
the areas of human health, toxicology, risk assess-
ment, and environment.

The primary purpose of Dr. Robinson's visit to
Japan was to co-chair the session entitled "Future
Prospect and Risk Assessment" with Dr. Jun Kanno

of National Institute of Health Science, in the

ILSI Japan Scientific Advisor
AYAKO S. TAKEI

Toxicogenomics International Forum 2001 held at
Ariyama Memorial Hall, Juntendo University on
October 31 and November 1. Dr. Robinson made
her keynote lecture in the session to introduce the
project of HESI Genomics Subcommittee, aiming to
establish a database that will realize application of
toxicogenomics data to risk assessment. This pro-
ject was started in 1999 as a high priority of HESI. In
recent years, analyses of human genome and protein
syntheses have been rapidly progressed, and the
data obtained in these new areas have opened up the
possibilities in new approaches to the investigation of
mechanisms in toxicology. While the advances in
genomics and proteomics promise to revolutionize

our ability to characterize hazard in risk assessment,
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the challenge is to establish a body of available
knowledge to serve as a foundation for applying the
data generated by these new methods to risk assess-
ment. With focus in the areas of nephrotoxicity,
hepatotoxicity, and genotoxicity, HESI Genomics
Subcommittee has been investigating the issues
such as correlation between altered gene expres-
sions in microarray assays and toxicity or histopatho-
logical findings in the conventional toxicology stud-
ies, or variances among research facilities in results
of microarray assays. The members of HESI
Genomic Subcommittee include industry, academia
and government from the US, Europe and Japan.
The lecture by Dr. Robinson, suggested very promis-
ing future of the activities at HESI Genomics
Subcommittee to contribute to the progress of toxi-
cogenomics.

In the session, Dr. Robinson also played the role
to introduce the FDA's view on how toxicogenomic
data would be incorporated into regulatory decision-
making, in place of Dr. Joseph J. DeGeorge, who
could not attend the Forum as the result of aftermath
of the terrorist's attacks in the US in September.
The Toxicogenomics International Forum 2001 was
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Scientific and Global Perspectives)| T® - 7z, EFE
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very well attended with people from various areas
with high level of interests in this new field.

On November 2, a briefing session for industry on
HESI was held at Le Port Kojimachi. Dr. Jay
Goodman, of Michigan State University, who is the
coming chairman of HESI Board of Trustees in 2002,
attended the briefing session with Dr. Robinson, and
introduced his view on significance of participating
in HESI activities as an academic scientist. People
from pharmaceutical, food and other industries in
Japan participated the briefing session. It was a very
good opportunity for them to understand the mission
and membership of HESI as well as the activities and
some of the results of HESI committees.

Dr. Robinson had opportunities to interact with
academic researchers in Japan at the Satellite
Symposium of International Society of Environmen-
tal Mutagens held in Nara. Also, she met with
Ministry of Economy, Trade and Industry to intro-
duce HESI activities. It is expected that interests will
increase among the Japanese regulatory bodies on
the international activities of HESI. HESI member
companies are increasing in Japan and the future of
HESI in Japan is promising.
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April 2001 1st Meeting Steering Committee
May 2001 Preparatory Meeting
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*ITG A — Diet-related cardiovascular disease
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ITG H — Gut health and immunity
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