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Development of novel genotoxicity assays by genetic engineering methods

Division of Genetics and Mutagenesis

National Institute of Health Sciences
Takehiko Nohmi

Novel genotoxicity assays have been developed to efficiently detect the genotoxicity of various environ-
mental chemicals, and to evaluate the potential hazards to man. Salmonella typhimurium strains harboring plas-
mids carrying the genes encoding drug metabolizing enzymes, such as acetyl Co-A O-acetyltransferase, or the
strains lacking DNA repair enzymes, such as O%-methylguanine DNA methyltransferase, are highly sensitive to
the mutagenicity of particular classes of mutagens. Thus, they are widely used for the efficient detection of geno-
toxicity of complex mixtures. Transgenic mice, named gpt delta, have been established for the detection and
molecular analysis of mutations in various organs of rodents induced by chemicals. Future perspective of the
genotoxicity assays using genetically engineered organisms is discussed. '

Keywords: genotoxicity, complex mixture, Salmonella typhimurium, transgenic mouse, risk evaluation
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ERTHEFRT 3 v & LTid 2-acetylaminofluorene (2-AAF),
2-aminonaphthalene, 2-amino-6-methyldipyrido [1, 2-a: 3', 2'-d]
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WESHERT T A Y —HRORAEFLEZI TV,
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Fig. 1. Metabolic activation pathways of nitroaromatics and aromatic

amines in Salmonella typhimurium. NRase and O-ATase stand
for nitroreductase and O-acetyltransferase, respectively.
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Table 1. Bacterial strains

and mammalian cell lines

Strain Description Reference
Salmonella typhimurium
YG1021 As TA98 but has pYG216; nitroreductase 8
overproducer
YG1026 As TAI00 but has pYG216; nitroreductase 8
overproducer
YG1024 As TA98 but has pYG219; acetyltransferase 10
overproducer
YG1029 As TA100 but has pYG219; acetyltransferase 10
' overproducer
YG1012 As TAI1538/1,8-DNP  but has pYG213; 146
acetyltransferase overproducer
YG1041 As TA98 but has pYG233; nitroreductase and 12
acetyltransferase overproducer
YG1042 As TA100 but has pYG233; nitroreductase and 12
' acetyltransferase overproducer
YG2975 As TA1975 but has pKM101 147
YG3001 As TA1535 but is deficient in mutMsr 24
YG3002 As TA1975 but is deficient in mutMsr %4
YG3003 As TA102 but is deficient in mutMsgy 94
YG7100 As TA1535 but is deficient in adasy 83
YG7104 As TA1535 but is deficient in ogtst 83
YG7108 As TA1535 but is deficient in ogtsy adast 83
YG7126 As TA100 but is deficient in acetyltransferase gene 148
YG7127 As TA1535 but is deficient in nitroreductase gene 149
YG7130 As TA98 but is deficient in acetyltransferase gene 148
YG7131 As TA1538 but is deficient in nitroreductase gene 149
YG7128 As TA100 but is deficient in nitroreductase gene 149
YG7132 As TA98 but is deficient in nitroreductase gene 149
YG5144 As TA2659 but is deficient in umuDCgr and samAB 150
Escherichia coli
YG6020 As DH10B but is A(gpt-proA)62 cre* 1z
YG5132 As CC104 but is deficient in mutM and mutY 9
- YG5152 As SCS-8 but is deficient in ada and ogt 151
Chinese hamster lung
(CHL) cell line _
YG10003 As CHL but is expressing acetyltransferase of S. 152
typhimurium
YG10007 As CHL but is expressing human NAT1 152
YG10008 As CHL but is expressing human NAT2 152

FNVEBBEEREFOIO— Y 727w, ThEhni
—AAFAMIEVDS

EF2HOTIAI FEiEEILLT
NT X7-TA100, TA9S ~EA L 7z,

TDX ST L THEE L AE MR YG021, YG1024,

YG1026, YG1029 T & % (Table 1) . YG1021,YG1026 iZ
TA98,TA100 V2 S. typhimurium ® = b U RTHEZRIZT 1 ¥
D75 A3 FpYGI6Z#EAL-EHKETHY, ZDTIFA
I Pz P uETEEEESBREIC Y sofFEX
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LTw589, YG1024, YG1029id TA98,TA100 I S.
nphimurium DT L F VEBBERBERFERH2>7I7AIF
PYG219 ZEA LWk TH Y, COTIFTAIFDDT
L FNVEBBEREEFREKRICEB 100 AL TW
%10, 30HEHLU Lo A 2iEE(LEDICOE, Thb
DOB/FBWTREL 1TV YGI021,YGI026 1= a7 L —
YEEUHFEES FubEWIC, YG1024, YGI1029 5%
B=bu, 73k EERE FaxrinT
I/EEMICHL, BROCHEVWEZEZRTEHKTDH S
SEFHLMIENT WA, K5I, typhimurium D =
FORTEEL Tt VBRI TOME RO ST
A 3 FpYG233 % TA98,TA100Z 3 A L YG1041,YG1042 %
YEELL 7212, YG1041,YG1042 ix TA98,TA100 X ¥ & # 50
fEEvwo PORTEEEELRL, T VEBERETE
L300 EWEEZ/RL7: (Table 1). THETIZ2 95
HOSESIIhBEZRIEEWIIOVWTHEZITY,
YG1041,YGI0R2 i3 ZEREHERO/-OIC= P ETEFE &
TEFVEBBEOWM A2 LELTHHEER= FulLEY
AL, BFEMICEVESERRTIEFHL MR
L 72755 T YG1041,YG1042 # 1 complex mixture H 12 & %
Na=bo7L—rOERERBICERNITHS.

L F 12 YG1021, YG1024, YG1026, YG1029, YG1041,
YG1042 Z VT b - BB 2 4843 % (Table 2).

4. Complex mixture BICEFXhd = bAOT7L—2,
EEKRT I COSBERY

4. 1 K%

Sera 513 XF YD} F ¥ THEOREHEFH»LH
L WS E 3,6-dinitrobenzolalpyrene % [FE L, € DERR
WET7TEF VEBBEREEOR L S S, typhimuriumtk
(TA98, YG1024, TA98/1,8-DNPs) #HWTHEL, 7EF
VEBEZIEEOEVYGIOU PRI HVESHERT S
ERE LS. T, Sera bW X, Z VUBTEE, 7
tFVEBBEZEEO® & o 72 YG1021, YG1024,
YG1026, YG1029 % f\®, nitrophenanthrene 5% 2 {k 0 25 R
T OV THEREIEHME A RET L T A, Houk 5 19 (33
HOKRKHEOMEYIZOWT, S9mixiZ & 2 XBHEEL
HLIEREREHREL, TEFIVEBBREHEEOSY
YG1024,YGI029 12 BW T X D W ERFEUFHNL Z EH
5, WHOKRDEREHICEFEEFER = btadhoESs
HAEVT EZRE LA, Suzuki 519 FHETORAKDEE
IOV ERE # HEAEECHiE L, S9mix 12 & B LHE
He{b 2 LIZ YG1021, YG1024 % AW CERBEE L IRFE L /2.
FORER, ELPLORIIERINLOKTI I EHW
BREMI BB IR I LRSS, KEPO=PbOTL—V
OFIER T L7, HEDSMNZLIRT, Mexico City (X F
3 1) 18 Bohemia (Fx I) 19, Raleigh CkE) 2 Dk

Table 2. Chemicals whose mutagenicities are detected by genetically-engineered bacterial strains or mammalian cells

1. Urban air, tobacco smoke and indoor air

Mutagen Source or purpose Country Tester strain| Reference
Diesel particle extracts Diesel exhaust Japan YG3003 96
PM-10 Airborne particle Czech YG1041 155
4-ABP, 4-AABP Tobacco smoke U.S.A. YG1029 156
Tobacco smoke extracts Cigarette smoke US.A. YG1024 171
Extracts of diesel exhaust particles Diesel exhaust Japan YG1024 172
Extracts of airborne particles Indoor air Japan YG1021 21
YG1024
YG1041
YG1042
Volatile organic samples Outdoor air in Raleigh, North Carolina | U.S.A. YG1021 20
YG1026
Dichloromethane extract of combustion particulate matter | Diesel exhaust US.A. YG1021 175
YG1026
Incense smoke condensates Indoor pollution Taiwan YG1024 184
Nitrophenanthrenes Air pollution Japan YG1021 14
YG1026
1-NP, 1,8-diNP, 1,3-diNP, 1,6-diNP Airbomne particles Japan YG1024 17
1-NP Diesel exhaust The Netherlands | YG1021 194
YG1024
Extracts of urban air Air samples in Mexico City Mexico YG1021 18
YG1024
Extracts of urban air Air samples in Tokyo Japan YG1024 15
YG1029
Extracts of woody plants Leaves of plants in urban area of Tokyo |Japan YG1021 16
YG1024
3.6-dinitrobenzo[alpyrene Air borne particle Japan YG1024 13
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2. Drinking water, river water and soil
Mutagen Source or purpose Country Tester strain| Reference
PBTA-1, PBTA-2 River water Japan YG1024 30
Soil extracts Soil contaminated with PAHs US.A. YG1041 161
YG1042
Soil extracts Creosote-contaminated soil before and | U.S.A. YG1041 162
after bioremediation YG1042
1,6-diNP, 1,8-diNP Soil in Osaka Japan YG1021 163
YG1024
Water extracts Drinking water Czech YG1041 166
YA1042
PBTA-2 River water Japan YG1024 29
PBTA-1 River water Japan YG1024 28
Extracts from industrial effluents and river water Water pollutants Czech YG1021 25
: YG1024
YG1041
River water extracts Water from the Chao Phraya river Thailand YG1024 24
in Bangkok
Extracts of river water Samples from Katsura River Japan YG1024 23
Extracts of river water Samples from Katsura River Japan YG1021 22
YG1024
3. Food
Mutagen Source or purpose Country Tester strain| Reference
1Q, MelQ, MelQx, PhIP, Trp-P-1 Food mutagens Austria YG1024 154
Milk extracts Human milk UK. YGI1019 158
8-MelQx, 4,8-diMelQx, IQ, AaC, Me AaC, PhIP Food mutagens Germany YG1019 160
PhIP A food mutagen US.A. YG1024 183
MTCCA A component of soy source Japan YG1029 187
Extracts of several grain-based coffee-substitute blends Food U.S.A. YG1024 192
and instant coffees YG1029
Imidazonaphthyridines Imidazoquinolines Food mutagens U.S.A. YG1024 193
Heterocyclic amines Food mutagens Germany YG1024 31
7.9- DiMelgQx Food mutagens Japan YG1024 34
4-CH,OH-8- MelQx
7,9- diMelgQx A food mutagen Japan YG1024 33
4,8-diMelQx A food mutagen Japan YG1024 32
4. Urine
Mutagen Source or purpose Country Tester strain| Reference
Human urine extracts Patients treated with ointment containing | Italy YG1024 39
2% coal tar
Human urine extracts Humans exposed to the combustion China YG1021 40
. product of liquid petroleum gas YG1024
Hamburger extracts 24 hour post-meal urine Italy YG1024 41
Human urine extracts Effects of fried-meat consumption US.A. YG1024 42
Human urine extracts Antimutagenesis study of Tochu tea Japan YG1024 179
Human urine extracts Women working outdoors in Bohemia | Czech YG1041 i9
Human urine extracts Humans exposed to benzidine U.S.A. YG1024 44
Human urine extracts Urine of tobacco smokers U.S.A. YG1024 38
Human urine extracts Humans exposed to environmental Germany YG1024 37
tobacco smoke
Human urine extracts Antimutagenesis study of N-acetylcystein| Italy YG1024 185
Human urine extracts Workers in a glass factory Italy YG1024 190
YG1029
Urine extracts of rats treated with 1-NP and 2-NF Combustion products The Netherlands | YG1012 207
YG1024
Urine extracts of rats treated with 2,4,6-trinitrotoluene Occupational exposure Finland YG1021 43
YG1024
Human urine extracts Smokers' urine Japan YG1024 35
YG1021
Cigarette smoke condensates Smokers' urines Main stream cigarette smoke Italy YG1024 36
YG1029
Urine extracts of smokers Polymorphism of glutathione S-transferase | Finland YG1024 198
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5. Metabolites or metabolic activation
Mutagen Source or purpose Country Tester strain| Reference
PDT-1 An oxidized product of Japan YG1024 153
m-phenylenediamine
1-NP-3-ol, 1-NP-4-ol, 1-NP-6-0l, 1-NP-8-ol Urine metabolites of 1-NP U.S.A. YG1024 181
B[a]P Metabolic activation by plant leaves Thailand YG1029 57
N-Nitroso compounds Metabolic activation by human Japan YG7108 85
CYP2A6 and 2E1
Aminophenylnorharman A metabolite formed form norharman Japan YG1024 61
and aniline
2.4-dinitrotoluene 2,6-dinitrotoluene Metabolic activation of nitro compounds | Japan YG1041 165
YA1042
AF Metabolic activation by green alga Slovak YG1024 58
Benzidine, 4-AB Metabolic activation by plants US.A. YG1021 56
YG1024
YG1026
: YG1029
2,3-diaminophenazine, benzidine phenylenediamines, AF | Metabolic activation by plants U.S.A. YG1024 55
m-Phenylenediamine Metabolic activation by plants Czech YG1024 54
Benzidine, 4-ABP Metabolic activation by plants US.A. YG1024 53
YG1029 :
NDP Metabolite of propranolol Japan YG1029 178
YG1042
YG3003
2,3-Diaminophenazine Metabolic activation by plants US.A. YG1024 52
2-Amino-3-hydroxyphenazine
m-phenylenediamine Metabolic activation by plants Czech YG1024 186
2-Acetoxyacetylaminofluorene
m-Phenylenediamine, AF Metabolic activation by plants US.A. YG1024 51
2-AF, 2-AAF Metabolic activation by hepatoma cell | Belgium YG1024 49
(Hep G2)
1Q Metabolic activation by cytochrome P-450 | Canada YG1012 176
1A2 supported by hydrogen peroxide
N-Nitrosodialkylamines Metabolic activation by a model system |Japan YG7108 86
1Q, Azo-IQ, Nitro-IQ Metabolic activation by prostaglandin-H | Germany YG1024 47
synthase
AF, Benzidine, m-Phenylenediamine, 4-ABP, Metabolic activation by plants US.A. YG1024 50
2,4-Diaminotoluene, 2-Naphthylamine
ABP Metabolic activation by human U.S.A. YG1024 201
uroepithelial cells
MelQx Metabolic activation by human liver UK. YG1024 48
Anisidine isomers Metabolic activation of aromatic amines | U.S.A. YG1024 205
Benzidine Metabolic activation by prostaglandin H | U.S.A. YGI1012 46
synthase
2 ,4-diaminotoluene Metabolic activation of aromatic amines | U.S.A. YG1024 208
2,4-Diaminoanisole Metabolic activation by prostaglandin H { U.S.A. YG1006 45
synthase YG1024
6. Antimutagenesis
Mutagen Source or purpose Country Tester strain| Reference
1-NP, B[a]P Antimutagenesis study of natural Mexico YG1024 159
phenolic compounds
B[a]P, AF, 2-AA, 4-NQO, MNNG Antimutagenesis study of flavones France YG1041 167
1,6-diNP, 1,8-diNP, 1-NP Antimutagenesis study of green peppers | Mexico YG1024 168
Aflatoxin B, Antimutagenesis study of natural Mexico YG1024 173
xanthophylls
1-NP Antimutagenesis study of xanthophylls | Mexico YG1024 177
AF Antimutagenesis study of aminobenzoic { Czech YG1024 196
acids )
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7. Pharmaceuticals and herbicides
Mutagen Source or purpose Country Tester strain] Reference
4-nitro-imidazoles and pyrazoles Antimycotics Italy YG1026 170
YA1029
Tinidazole An antiprotozoal drug India YG1029 180
Chlomitrofen, Nitrofen, Chlormethoxynil Herbicides Japan YG1026 182
. YG1029
Nitroscanate An antischistosomal drug India YG1024 188
5-Nitro-3-thiophenecarboxanilide Pharmaceutical Italy YG1021 189
YG1024
1-Hydrazinophthalazine An antihypertensive agent U.S.A. YG1029 191
CNP (chlomitrofen), Chlomethoxynil, Bifenox Herbicides Japan YG1021 195
YG1026
Glyceryl trinitrate Clinical nitrovasodilator U.S.A. YG1026 204
Chlorambucil A chemotherapeutic agent Japan YG2975 147
Niclosamide An anti-helminthic drug Mexico YG1021 206
YG1024
8. Strain construction
Mutagen Source or purpose Country Tester strain| Reference
ENU Transgenic mouse study Japan YGS5152 151
1-NP, 1,8-diNP, Glu-P-1, PhIP, AF Construction of strains deficient in Japan YG7126 148
O-acetyltransferase YG7130
ENNG, EMS, DMN Construction of strains deficient in Japan YG7104 83
Of-methylguanine methyltransferase YG7108
Methylene blue plus visible lightNeutral red plus visible | Construction of strains deficient in Japan YG3001 94
light Hydrogen peroxide, AF, 4-NQO 8-hydroxyguanine DNA glycosylase YG3002
YG3003
Furylfuramide Construction of strains deficient in Japan YG7127 149
2-Nitronaphthalene classical nitroreductase YG7131
YG7128
YG7132
Ultraviolet light Construction of strains carrying mucA'B | Japan YG5144 150
ENU, gamma-ray Development of transgenic mice Japan YG6020 112
1-NP, 2-Nitrofluorene Construction of strains overexpressing | Japan YG1041 12
nitroreductase and O-acetyltransferase YG1042
1-NP, 1,8-diNP, 2-nitronaphthalene, 2-AA, Glu-P-1 Construction of strains overexpressing Japan YG1012 146
O-acetyltransferase YG1024
Aromatic amines Validation of strains overexpressing either | Japan YGI1021 11
Nitroarenes nitroreductase or O-acetyltransferase YG1024
YG1026
YG1029
Glu-P-1, AF, 2-Nitrofluorene, 1-NP, 1,8-diNP, 2-AA Construction of strains overexpressing Japan YG1021 10
: either nitroreductase or O-acetyltransferase YG1024
YG1026
YG1029
9. Miscellaneous
Mutagen Source or purpose Country Tester strain| Reference
Naphtho[2,1-a]pyrene, Naphtho[2,3-alpyrene Coal tar Canada YG1025 157
AF, 2-Acetoxyacetylaminofluorene Enhancement by pentachlorophenol Czech YG1024 164
1-NP DNA adducts formation Japan YG1021 169
2,4,6-trinitrotoluene Occupational exposure to Finland YG1021 174
b 2,4,6-trinitrotoluene YG1024
Fullerene C60 Photoactivation Japan YG3003 95
Coal dust and smokeless tobacco extracts Gastric neoplasia in coal miners U.S.A. YG1021 197
: YG1024
Nitrites Model compound Belgium YG1024 199
Compounds produced during mild gasification of coal Safety evaluation of a coal conversion U.S.A. YG1024 200

technology




(2000)

3
oo
Jo

YG1021 202
YG1024
YG1026

YG1029

US.A.

2-AA, AF, Glu-P-1, MelQ Stability of YG1024 during mutagenicity

assays

YG1021
YG1024
YG1026
YG1029

Atristolochic acid I and Il Naturally occurring nitroaromatics Germany 203

2-AA, 2-aminoanthracene; AaC, 2-amino-9H-pyrido[2,3-bJindole; 4-AABP, 4-acetylaminobiphenyl; 4-ABP, 4-aminobiphenyl; AF, 2-aminofluorene; Azo-IQ,
2,2'-azo-bis-3-methylimidazo[4,5-f]quinoline; Bla]P, Benzolalpyrene; 4-CH;OH-8-MelQx, 2-amino-4-hydroxymethyl-3,8-dimethylimidazo[4,5-g]quinoxaline;
Biphenox, 24-dichlorophenyl 3-methoxycarbonyl-4-nitrophenyl ether; Chlomethoxynil, 2.4-dichlorophenyl 3-methoxy-4-nitrophenyl ether;, CNP
(Chlomitrophen), 4-nitrophenyl 2,4,6-trichlorophenyl ether; 4,8-diMelQx, 2-amino-3,4,8-trimethy-3H-limidazo{4,5-f]quinoxaline; 7,9-diMelgQx, 2-amino-
1,7,9-trimethylimidazo[4,5-g]lquinoxaline; 1,3-diNP, 1,3-dinitropyrene; 1,6-diNP, 1,6-dinitropyrene; 1,8-diNP, 1,8-dinitropyrene; DMN, dimethylnitrosamine;
EMS, ethyl methanesulfonate; ENNG, N-ethyl-N-nitro-N'-nitrosoguanidine; ENU, ethylnitrosourea; Glu-P-1, 2-amino-6-methyldipyrido[1,2-a:3', 2"-d]imida-
zole; 1Q, 2-amino-3-methyl-3H-imidazo[4,5-f]quinoline; MeAaC, 2-amino-3-methyl-9H-pyrido{2,3-blindole; MelQ, 2-amino-3, 4-dimethyl-3H-imidazo{4,5-
flquinoline; MelQx, 2-amino-3, 8-dimethylimidazo[4,5-f]quinoxaline; MNNG, N-nitro-N'-nitro-N-nitrosoguanidine; MTCCA, 1-methyl-1,2,3,4-tetrahydro-
beta-carboline-3-carboxylic acid; NDP, 1-amino-3-(1-naphthyloxy)-2-propanol; Nitro-1Q, 3-methyl-2-nitro-imidazo{4,5-flquinoline; 1-NP, l-nitropyrene; 4-
NQO, 4-nitroquinoline N-oxide; PAHs, polycyclic aromatic hydrocarbones; PDT-1, 2-amino-3-[(3-aminophenyl)amino]-4-[(3-aminophenyl)imino]-2,5-cyclo-
hexadien-1-one; PBTA-1, 2-[2-(acetylamino)-4-[bis(2-methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole; PBTA-2, 2-[2-
(acetylamino-4-[N-(2-cyanoethyl)ethylamino]-5-methoxyphenyl)-5-amino-7-bromo-4-chloro-2H-benzotriazole; PhIP, 2-amino-1-methyl-6-phenylimidazo[4,5-

blpyridine; Trp-P-1, 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole

L[OREREMD YGI021, YG1024, YG1026, YG1029 % Flv»
THNRLNTWVA, YGI04], YGIO2 1= FuBILER L
T F VERERHEEOW AP LA LTEY, =0T L
=V LED THVEREEZRT D, MOLT— -3
75—V TENOZERN SR EZRIL, Bohi
MEOREFI DOV T YGI04], YG1042 % WV F DERENH
PEZF—ERTWwAH,

4. 2 XK

TNAKICE TN ERFOEREL YG1021 R YG1024 %
WIS 2 RAAHEN22), [BENNZ ,F 42 F235)
TR TVwE. RISRAFRROEREER, 7V—L
—A v EOREH ERVTIUEL, FORRRER
S9 mix DFETET YG1024 & A WVTIHRB HEPFH EN T
V5, Nukaya b2 B LU 0gur 62 ik, ZOFFEEHAV
IR DOTEE N D & H L VB RIF 2-[2-(acetylamino)-4-[bis(2-
methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-1), 2-[2-(acetylamino-4-[N-(2-
cyanoethyl)ethylamino]-5-methoxyphenyl)-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-2)%* [{%€ L 7z. PBTA-2i3x—
LAFAMEITI &, pgdHizh) TAS, YG1024 2 S9mix #
1E T2\ T 98,000His* #ifm#k, 3,200,000His* {5571k % &5
Y5, INHOERFE, Mo LLiiigics s a6 THT
Fbh -7V Ed, SPOHRAMEECUE IS EE
TEFTLLNDLEZ LN TN 230,

4. 3 RB&H

EWT-Ammh BB Sh A EREEAT O 1 7y
27 3Ir0%LIE, S9 mix DFEET TYGI024 I2iHV 255
FEHEZRY. 202D YGI0241%, ARPICETIAILR
BORERLE=SY » FIZH SR T 53D, Beef extract

PHETN—L—AVERVTERELZREL, TOERE
%S9 mix DFETYGI024 2 W TE= S Y7 TH2L
T, ¥ LWL 2-amino-4-hydroxymethyl-3,8-dimethylimi-
dazo{4,5-glquinoxaline (4-CH,OH-8-MelIQx) & 2-amino-
1,7,9-trimethylimidazo[4,5-g] quinoxaline (7,9-DiMelgQx) #F
[]5g & h 72323, 4-CHOH-8-MelQx 33 & UF 7,9-DiMelgQx
i%, beef extract 1lgHICZNEFN6.0ng, 53ngHFEL TS
MW, L—-LRFTAMELT) L, 4-CHOH-8-MelQx i3 p gd
72 1) 326,000 His* /@4 (YG1024), 99,000 His* 18 7 bk
(YG98) #FR L, 7.9-DiMelgQx id 1 g 72 1) 138,000 His*

BEH (YG1024), 670 His* 454k (TA98) 2R T2
34)

4. 4 R

v FPORICETINAIEREOBRFER, L0l )%
ERBILEFOBRERZ SN TV LI P E= Y — T 5 Hi{E
PORFELFETH S, FIZYGI024 (+89 mix) ZAWT,
BEH W, -y - Ve ELRAETIHEY S A
F), WALRMEF A OREEW I RE S NALHHED, H
W — 4B 7= & f~<7- & F 4142 2.4 6 trinitrotoluene
ICRFENLFHFHED, HiRES L ORIERE O benzidine 12
REXNTHBEY ORIZOVWTEREEMRE S TW
5.

4. 5 {K#D

FEETIVROEREL2SEFSELHEFZH VT
vitro TIUHTE (L S &, AP OLREHEZ YG1024 2 [
WTHHTARAPSHEE SR TS, Prostaglandin H
synthase*>#7, ¥ MFBEEEY = % — M ¥ k& b hepatoma
MELFEY 23— b9, HPHREY 2 F— b0, ZS
PREEEZRL LTHVWORTWAS, $7/2YGI024iCkE b
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? CYP1A2, NADPH-PASOZTLHMHEDREB T 7 A I F2E
ALZF AT —#H Kamataki 559 12X Y EEE R, 2-
amino-3,4-dimethylimidazo[4,5-flquinoline (MelQ), 2-amino-3-
methylimidazo[4,5-f]quinoline (IQ), 2-amino-3,8-dimenthylimi-
dazo[4,5-f]quinoxaline (MeIQx), 2-amino-1-methy!-6-phenylimi-
dazo[4,5-b]pyridine (PhIP) N FE A H R D TA1538 L 1
BanTwhb, BEiELHERT 5 aniline iX TAIS IZITER
EHEZRE VAT, 9 mix DFLET T norharman & 12 1
YEXa2R—PFRLHMOERERERT LIRS0,
%% 3%, aniline, norharman#* & S9 mixfF £ T T4 3 %
HRFEHMRBY L L TI-(4'-aminophenyl) -9H-pyrido
(3,4-blindole (aminophenylnorharman) #% 6 & & 7z 6V,
Aminophenylnorharman i3 S9 mix ffFE T CL— A AT A b &
179 & pgH721 1,783,000 His* $UFHE (YG1024), 187,000
His* {8178 (TA98) %% T 5.

5. kB FBXUS. yphimurium DT & FIVEGBEEER
* R4 3HILIEM

FHEERT I RFEFKR= eIl BB R T
S. typhimurium DR TEI L TWAE T F VERBERIL, N
TTNVTILDRFETHLIITIEIRL, e F2EOEEHE
WICHHEAET A. S. typhimurium DT £ FIVELHEEERIT L b
DT LFVEREREL T IV ERMLEOMHFAELRL,
KT FVEBEROBRER OV EER OGNS 69FH
DY RT 4 V% & Arg-Gly-Gly-X-Cys L5l I3 B iC
BHEESRTNDY, b MIFETS 2HEDOT £ F Vg
EEENATI &E NAT2 X3 h d 8 FHHfRICHFIEEL, 73
JEEEEHI L OMEIM A RT A, FOREIHFRMIEIEL-T
V56366 F - NAT2 IZ oW TIIHHEME DD 5 Z LT
HLPASHLNTED, NATIIZDOWTHSEDHH I L
MEEH S PITENRTWS S, NATI, NAT2 D ERINS
BlZownwTid, B, B - &, HSHo%E, 18,
BiidE, RILARE L OREIREMEN TS, BEERET
& % isoniazid 12313 A kL, NAT2DEEHESEIZK
FELTWH),

X 4 13 & F NATI1, NAT2 % Chinese hamster lung cells
(CHL) I+ YA 7z27 ML, B OTEFINIREEER
*RECRAT ARSI LB L7229 (Table 1).
% 72 8. pphimurium D7 2 F VELBBEHEBDT £ LM
FARORBRRS ¥ —i#EFELCHLNM S Y A7 27 P L
7o B L7:MiBaIco &, HEKR= PofbdTH % 18-
diNP, 2-nitroflucrene % L THEFIRT 2 Y THLHIQIZH T 5
RS % in vitro /MEBBLZRIZIC B L A 67),

6. PTEtFIEBEEBEZOBEMNSEERIAVIY
B L7 &R 1,8-diNP 12T LR 2 o 2R ZHERL

7: (Fig. 2). € PONAT2 2 BH T 24 (YG10008) i
1,8-diNPIZX LE D EVWEZEEZRL, DWTLk MO
NAT1 (YG10007), S. typhimurium® 7 & F Vi B %
(YG10003), #tkD CHLDNETdH o 7z, 2-Nitrofluorene %

1,8-dinitropyrene

CHL

YG10003

YG10007

Y¥G10008

0 10 20

2-nitrofiuorene

CHL

YG10003

YG10007

YG10008

0 1 2 3 4 5

IQ(+microsome)

CHL

YG10003

YG10007

YG10008

0 100 200

Fig. 2. Relative sensitivities of the sublines of Chinese hamster lung
(CHL) cells expressing bacterial and human acetyltransferase
against 1,8-dinitropyrene, 2-nitrofluorene and IQ. The clasto-
genicities were determined by scoring the number of cells with
micronuclei among 1000 intact interphase cells. When 1Q was
tested, the microsomes prepared from the liver of rats pretreated
with phenobarbital and 5,6-benzoflavone plus NADPH-generat-
ing system were added to the culture. The sensitivity of control
CHL is set at 1.0 and the relative sensitivities are presented as
bar length. CHL, the parent CHL cells; YG10003, as CHL but
expressing O-acetyltransferase gene of S. typhimurium,
YG10007, as CHL but expressing human NATI gene;
YG10008, as CHL but expressing human NAT2.

BAWZgaicd, & FONAT2 # 83T 54 (YG10008)
i, S. typhimurium D7 £ F VEEBEEE (YG10003) < #tk
OCHLE D D BVERZHEZR LA, ZOHRE, LD
NAT2 #%1,8-diNP % 2-nitrofluorene D{CHH G LICEIE LT
WARILERBELTWS. & FONAT2 R EZEHEEZ TR
LE@HRENEETZI L L, SEBL BRI LS
diNP %° 2-nitrofluorene {2 X85 5 5 Y A 7\ X ERETF
ETOHEELRBELTVS, FEET I VIZoWwTi,
NAT2 DRIRH SR L BERLAE, BN - #5598 & ORI
DHDHTEPEFMIIRBEINTNSES, —ba7L—>
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T BRED A7 OREZE L NATR 7 F VERBEED
BIEMER L ORBEIZOWTIE, SR LIIRTTAILE
MHsH9.

EHET I THIHIQIITrEEHEL, FELEL
129y b0 O Y- LFETTHMRDB L, S typhimurium
D7 e F VEEBEFE L RBT S YGI0003 HiE b BWESMT
%R L7 (Fig. 2). DWW Tk F D NAT2 (YG10008) B X
U’k F O NAT1 (YG10007) € L CTHEED CHLOJHTH -
2. ZOERLEINIFUTOTEFNVEBERDY, MO
TEFNVERBBEEZ LY D IQIIH L RRBHEEILiEL I
2 TWAB I LERELTVS, 8. typhimurium DT X F VEL
BEEFX L RBLT 5 YG10003 i1 1,8-diNP, 2-nitrofluorene 2 &}
LCIRBRZHIEL o222 25, YGI0003A51QIZxt L
VRS HETTOR, BIZ7 b F VEBRROREEN
BWHTIdRL, 3EHO7EFNVEBREOLEER
HERBMLTWEIDLEZL, QUEEEHRETIET v
FPOKIBICHZFRTHED, IRV ITTA
1235592 & colon iCEREFRT 289, S typhimurium
BABHOEZDONZFYVTTHY, 204 LEFIIK
B L0 HFATHLZEFHLNTVED, LizAoT
KEHROBAEED 7 F VEBEE Lo WA
b5, KBEHOTFVESERICOTE, B, HEE
GOEEFPES NS0, SEE SR ERE, BH
HMBE OO 7 L F VEBEERD, IQORBHEELICES L
TWAIREREREL TV,

. b D NATI, NAT2 2% ¢ % CHL Z FIV» TPhIP D%
REMPRBEINTWE, $/2, & FOCYPIA2H B\
IXCYP3ATH FOTEFVEBEEZLLLICEHEES
CHLA {4 & TV % 727, Chinese hamster ovary cell
(CHO) %ZEIZL T, BRFMBBREE R\ UVSP3MIRAIC L
I ®D CYP1A2 & NAT2 & % 2 8. typhimurium DT & F VL
BEZEZRFSEIMEIBILEATHE™, ZH Lk
v FoORBIEELRBHE T MR, RIEZEERBOKR
T bASET AR, BEELRALELTIOLHFE
nTns,

7. PLHRIVRIICERERZMETRT S. yphimurium
T AR RO

AFVALH], ZFVALRIZEDT VF VALARNIL, EELR
RUEEREO IV —TThHY, ZOPIIIEBRSIITL
EVARERTIONL 2w, AFVLHICE S
DNAHID S BT, BEROFRICROEELEZHEH/:
L TV % D% 05-methylguanine T& % . O%-methylguanine 13,
% < O ¥ & O%methylguanine DNA methyltransferase
(MGMT) 2k o T &h, ZODNABEERRN Y7
Y7h6e PECEHELFELTVS),

KIGH 1 2 HE O MGMT, Ada& OgtZ3F->TWw5b.

Ada 135 F 5% 39kDa G, OS%methylguanine O i3 7 0*-
methylthymine, methylphosphotriester D {518 % 4TV, £ D%
BIMEBREO X FALFRBIZ L hFEE D™, ZhiC
2+ L Ogt i34 & 19kDa ® # H H T O-methylguanine, O*-
methylthymine O 1518 {217 9 7% methylphosphotriester O 515
729, FORBEIFEINLVWETADREIZREZ-T
W5, $7o0gti = FMALFIC L 2 DNARE R AdaL D b
E L 5T A,

%412 S. nyphimurium O ada BALTF (adasr), ogtBILT
(ogtst) D—HHBHVIREHLIHFRMICHETRIE, T
FMALFNC B SEE 2 R TS, nphimurium T A ¥ —ROST
225D EEZ, adast, ogtstD 7 U — =V 7 L RIGTFHE
%7072, adasrBULTIX, KIGH O ada AT & HHIERT)
LAV TR T70% OHEEER L, 5 F 84 3%kDa D&EAH
2a—FLTWAED, Z0S. nphimurium O Ada BEH A
FEFE T O%-methylguanine X° methylphosphotriester D {515 % 1T
5 Z LIZEE D B. Sedgwick HIZ L DB Iz E& AT,
su—= 7 UfETED &I, HAMARI ZFIHL
TS. yphimurium 7° /) b £ D adasr BALTF-DRIEX T o 72,

S. typhimurium O adasr LT RIFV (YGT100) iF, Kb
B O ada BAEF KRtk & F 4%, N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG) OBIEIERIZH L THWEZE
AR L7250, MNNGORKERFREMICELTIE, K
Bt D ada RIBHEP BB L D S 10EE Lo 2D L,
S. typhimurium O adast KARRR DB & 1213 B TdH D TA1535
LRI DBRTHER LT E P o7, COFED
5L, KIBE EIZRL Y S nphimurium DIFEITIE, Adak D
b Ogt A*MNNG IZ L 2 ERFRIEHASP SMAa L Fo T D
bDLEZR, ogtsrRIEFOBIEEITo 72,

S. typhimurium @ ogtst AL F I KBW D ogt BIETF & X
7 VA F FEFIETT1% OMEAM 2R L, 577 & 19kDad
BEHZI—FLTWAS, 20—=¥ 5 L7 ogsriBHEF
FRICHENHEZ Z2HVWTY /) A LD ogtsrBIZ T X B
WU 7. S ophimurium TA1535 D ogtsrift {=-FBE 18k %
YG7104, adasr, ogtsrWiiE k% YG7108 L éx% L7z (Table
1). YG7104, YG7108ix7 IV & VE{EDE % 5 MNNG, N-
ethyl-N'-nitro-N-nitrosoguanidine (ENNG), N-propyl-N'-nitro-N-
nitrosoguanidine (PNNG), N-butyl-N'-nitro-N-nitrosoguanidine
(BNNG) i3 L, Bk THHTAISIS L h bR sEs
ALz (Fig. 3). ogtst KIARRTIL, BV BT /R T
MES S FRERKREOBMMAIBRE SN0, T hF
TSRO ST EI L7V FMEFIC OV TESED
WEA T b, TA1535D ogrsr RIAKRTH 5 YG7104,
adast, ogtst —HE/RIARTH % YGT108 1%, ethylmethane
sulfonate (EMS) , dimethylnitrosamine (DMN) 7% &&3E7
VEVERICEERZIEEZRT I EAFHL ISR TY
% 8)_ FEthylene oxide ¥ ARHBE L2 7L —r 2 HWT
YG7I08DERF A P 2475 &, B L T LHMED ethyl-
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Fig. 3. Sensitivities of Salmonella typhimurium strain TA1535 and its

derivatives against alkylating agents. Closed square, S.

typhimurium YG7108 deficient in adast and ogtst; closed trian-
gle, S. typhimurium YG7104 deficient in ogtst; open circle, S.
typhimurium TA1535.

ene oxide ¥ AD7:HIZ [BREREE] P33 HOTHEL %
5., TDHYGN8EHWAETANTIE, Hrv—#HK
BLAT7LV—=FE2RWwAEIZLIWATH S, Kushida
5885 |3, YG71081iZ & I CYP2E1 & cytochrome P-450
reductase & % 2 {Z CYP2A6 & cytochrome P-450 reductase %
R B & & %1 N-nitrosamine DR F W2 ARS 2 L T,
CYP2E1 I3 L8y 7 v % U R D F V> N-nitrosamine D L3
HHILICES L, CYP2AGIE TV X VEHEO KWV N-
nitrosamine DL FNEHILICBAS L TWwWb Z & 2R L 7=,
F 72 Okochi & 86) 1%, N-nitrosodialkylamine ¢ cytochrome P-
450 7 VRIC L BAEIEMHLIZOWT, YGT108 124§
AEREEEZBZICHRE2{To T 2.

8. EMMFREICSBEZMEERTS. typhimurium 7
A2 —HORR

1% 1 B% 3% 1 X bleomycin, paraquat, hydrogen peroxide ¢ & 0
{LFYH R ERERSGHR TR L A L -BRICE T 513,
NEUOZERE L L TER#BHER T ET 5. EHRk
FILL WV ETHEMERIRTU LS 207, ZOPTEY

EMERNEL RS TY S b O D—DIZ 8-oxogua-
nine (8-0x0G) 7% %87, 8-0x0G i DNA #HE DT cyto-
sine LL4F 12 adenine & b3 EZEL 72D GCH 5 T:AND

transversion ZZEE DR & 2 58, Z D72 HIHLIZ 8-0x0G
Lo TR HERERZMHT 57D { 20D DNA
BEAZHEATEN Y, 20K L2BEEEED 80x0G
DNA glycosylase Td 5. 8-0xoG DNA glycosylase X cytosine
LA L7z8-0xoG%E, £ glycosylasefdElc & hEl 1) |
L, &5ICBIEEITOSHE 3O DNABIZWHAARE
AN B lyase [GHED A LTV 599, DNASKIZUINTATE &
71213, BifsAR{LBEFE, DNA polymerase, DNA ligase D{E
AL hEFEODNAITEHE SN S, 8-0x0G DNA glycosy-
lasett, KBE CE muMEfmFIca—-FEhTBh,
muM ARG REOBRLIIRMIC & ) BARBRAREENEL
7 o 7%k (mutator) Tdh 59,

RAEUREEZET 5 RRFITH LRI VK
SZHERRT S yphimuriim 2 HHET L L 2 HMIZ, S
typhimurium O muM BT (mutMsp) DI Q-0 ¥ %5
WIS EFEEROEE LT o729, muMgRIZFIE K
BHOmuM BT L X7 VA F FEFH LoBREEERL,
SFE302KDaDHEHE I~ FLTWA, s0—=rFL
1o muMsrB T2 B ICHRAMRRZ 2 HVWTY /4 Lo
mutMsT BT 2B L 72, S. typhimurium TA1535 O mutMsr
HAZ TR % YG3001, TA1975 D mutMsri {5 T 38 0%
% YG3002, TA102 D mutMsrift {nF R4k % YG3003 & 6
% L7z (Table 1). YG3001 i3 methylene blue + visible light,
neutral red + visible light, 2-nitrofluorene I~ X+ L IR #k @
TA1535 & 9 b 28 WV IEZ M Z /R L7z, YG30021d 4-
nitroquinoline 1-oxide (4NQO) IZxf L BARTA1975& 1 b
0L BBV 2R L7, YG3003 i3 hydrogen perox-
ide lZX LB TAI02 & D b2 B E R L.
YG3003 i3 fullerene C60 + visible light, diesel particle extracts
DERFEUHRHICOFA ST 595.%),

9. b FDNAZEEFZEOGGI DBIEHNSZEI L RH
AUZY

8-0x0G DNA glycosylase TH AT P 2 ELEBEYICD
MHBENEZ ML, & DO 8-0xoG DNA glycosylase % 2
— N4 2 8IET hOGGI DIEFEFED LN, 1997FEIZFD
BEFHIO—Z 7 &R0, ¢ FDOGGIEAY
BABEOMutM & 127 3/ BREYI EOMRAEE RS 2
», BROOgl EHE LI DHEMERL, ¥ 7 &
D 0ggl &L 84%HEMEEZIRY. & FDROGGIIZE 3 %t
OER 326 ITMWBEL, T2DLS I rhbix5 100,
hOggl 1% cytosine & *F& L 7= 8-0x0G % glycosylase {51412 &
DL, 5ICHIEEES O DNA S YIRT T 5 lyase
EREETHELTNS, :

t +DROGGHIZEBRIZWMESEIVHFELTEY, D
EEFICIE326FEH D7 I/ BRIC serin % 2 hOGG1-Ser’?
&, cystein % 32 hOGG1-Cys* 8 HSfF#E$ 5 103, HAAD
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HEERLL, MBBENRIIDVTHRLELTIE, w
FTHROLED Serd6:.Cys’ 8D HITIZIZI2TH B L HESH
T 3. hOGG1-Ser’? B X UF hOGG1-Cys326 ) B fb 69 22 5%
ERIZHTHMMEL AL 20, HREOBE{LY DNA
BHBIZEIYBEBRERERENEDDOTEL 2ot KBH
YG5132 (mueM, mutY) 12, hOGGI1-Ser’?* 3 X UF hOGGI-
" Cys3 % glutathion S-transferase (GST) BAEBHEK L L TK
BRI CRESESL 77 A IF (GST- hOGG1-Ser’®, GST-
hOGG1-Cys’%) %A L, 0O HKEAREEMHEL LK
L7210, FHE607T7 A3 FHYG5132 D8 HARZRE
BEshRA JHHE L 222, hOGG1-Cys’2 o) 5 A5 hOGG1-
Ser26 |2 e ~IHIT 28 I3 K> o /- (Fig. 4). LaL,

No. of Riff cells par 108 cells

hOGG1-Ser®28 hOGG1-Cys%6

CC104

YG5132 vector

Fig. 4. Complementation of an Escherichia coli YGS5132 with hOGG1-
overeproducing plasmids. Strain YG5132 is a mutM mutY
double mutant of E. coli CC104.

B AL 72 TG VERISE D5 B TUE, hOGGI-Ser’® & hOGGI-
CysDBICHELAZRIR VIR T Vw109,
hOGGI EZF D EEIZ OV TIE, WHICB W THEOHM
BREBEYWNRIEFNLTEITHON, Cys/Cys D allele %
Fovr MidCys/Serd B\ it Ser/Serd & bz, squa-
mous cell carcinoma & non-adenocarcinoma iIZBiL 1) A 7 5
WEHRBEEN TS 19, Lo0GGI DRIEME RIS 5V I3 F
HEOLHLREVAV A2 LOBRIZOWTIY, 615
Mz SfThh s 2 EPHFsh 5,

FILATIZ Y 7Yy R B LEEEL
BRO BT

LW E DY Mo T 5 ) A7 25 ET 5 -0121F, %
R AR R 2T TIE e L, BEAT B
CEERERPERETH S, HE, KEEP7 77—Vl
ZFELVR-F—BIETELTHARAL IS VAV 22
VI ARHWTEHEETFRALERZRIE L, BE20F
LARNVTEIETHIENMEEIIL Y0052, Zhonw
AT ETOMPIZL K- —@ETE2H-THh, &
B3Il - ST S RICRIEHERORFEEZITO 2
ENTETHE. SO &3, RBWEOMBERES,

10.

ERREERIC BT A EPA L EROBKR, & 5245
MR~ E R &2 EZE L RnHEEFME T T 54
TEHIKEV. HEBENIIAFTEL NI VAV
v 7wy AR KE# lacz@ifzFEVERE-S LTS
Muta™ mouse %, laclEZF% LR— % — &7 2 Big
BlueR mouse 19719 A3, %, LA L, BEEO IS > XV
Sy RIARKRERBERILTLOIERL TS L
BEZ V., FRE LT, EREDKRBPLERTIOM
FIET 23R MRHFHOMER, BUHRETHERSINS
REBROBMBICHEN LRI LR EOHMIEITON
ZNMD 3z ) LthkRRTAIEEHMIC, A
EGIODNA 2 HAGAARHF L VWIS VATV 22y IR T A
gptdelta #FEZE L7212, Zo~w o R, 200KHEEICE
STREDBIATORREREHRIKKRY T 7L S
YavTELRIIEMIDS. ThbOLOKEHE gpri&(z
F% VU HF—4%— &7 2 6-thioguanine (6-TG) L 7 ¥ a v
T, FICHERER GEEBRERETILV-LT 7))
FRUEL, @A77 =TV DredgamBEFE L E—5—k
ThHSpi-EL s a T, ZEREERTHHET S,
FLVbS AV 2=y 2=y X%lRTHD, +5
VAV E LTI ASHIMNEATEH LA 77—
¥ (A EGI0) DNAZ{EB L7z (Fig.5). A EGIOX Sk

HindIII

A Hindlll

BRGNP Sl | A
| SRRy
Rk

>4
loxP

>
loxP gpt CAT

ori
(pBR322)

Fig. 5. Schematic representation of AEGI0 DNA used to generate
transgenic mouse. gpt and CAT stand for E. coli gpt and chlo-
ramphenicol acetyltransferase genes, respectively.

EROBBICHV LI AKBE g BET L REERGHA®
EMfEETHE 37 7 VredlgamBIzF 5217 7
—JChBE. ZNT77—IDNAIL, A 2001DNA O Hindlll
ERRLICEMIRICL 2SS9 23 FDNAZIFA L THESL 7-.
7523 FDNAHHRIZ 2 2D loxPEFIZEHIATEY,
Z O 1|21 chloramphenicol Tt tE#{ZF (CAT), KI5 gpr
HIZT, pBR322HBUROBMHEAMEHM (ori) HETh TV
5. AEGIODNAR® A 704 ¥ vayiElLy
CSTBLIGI = 7 AZHRIZEAL, P XAV 2w o=y
ABEF#G/-1, Y7oy PEILLYEARETF
E—-HERIEILIEZA, NTOAL FHhDBEATE—
Bizieoa¥— L sh/:. Blfigpr delta & LTHAS



BEFTENFRE AT LORESEERBEORR 13

RTW2 Y A, CSTBLI6T= Y AN GHE RE(LL
2230T, WHADVTERGHERIZI T VAT - UHHEAE
Nz 13,

10. 1
D
KIGH gprIEFIE, purine IV ~X— JEIEKIZED 5 gua-
nine phosphoribosyltransferase # 17— F L TwW5. ZOEE
B77=2v07+X7x )R VbEEEL, 77200
DNANODOR Y AR ICHE L TWD IR, 6 TGRHEE LT
L1z, HERO g BIETFE2ROABGHIL6-TG 2 U5
WETHERETLIENHET, gpBEFIlEELRFo 72
KGR DAL 6-TCEELEREH ETEFTES. 20
et RIETF 2 VAR— 5 —BEFICHVD L, 2HOT
ERBROBPLEREOAZBIRT IRV T4 7 - LY
aryHFuEETHS. KGH gptBRTF I T — FEHIRA 456
bp LBV D Y — 2 T AL L 2 EROFAELES
THabH. ZOOKEHE, S. yphivrium D 5 \VITFEEMRE
DHRTOLEREEREDOVR—-¥ —BEFL LTHYWLR
T&7. FM—oVE—=% —E&GTF 2 Tin vitro & in vivo
TILEPEOBEHEREIRBET LI L REBEEHLDDLE
x, KBW ept@ET 2 BERERRBOVA— ¥ —&IE
FELTHwWAZEE LT,
EERFEDOEE % Fig. 6 /R Y. RRETRELL<Y

6-Thioguanin BIREE AV -RmRATR

Chemical

gptdelta mouse DNA

=@ — Hl -
colonies|

E. coliCre*

s @) — W

E. coliP2 lysogen

Fig. 6. A protocol of gpt delta transgenic mouse mutagenicity assay.
After treatment with a chemical, genomic DNAs are extracted
from various organs and the transgene AEG10 is rescued as

phage particles by in virro packaging reactions. For 6-thiogua-’

nine (6-TG) selection, E. coli YG6020 expressing Cre recombi-
nase is infected with the rescued AEG10. The phage DNA is
converted to plasmid DNA by cre-loxP site specific recombina-
tion. The E. coli cells harboring the plasmids carrying the
mutant gpt gene can be identified as colonies on plates contain-
ing chloramphenicol and 6-TG. For Spi~ selection, P2 lysogen
is infected with the rescued phages and the deficient in red and
gam can be identified as Spi~ plaques.

ADLHBDNAZHIHL, A 77— TinvitoNNy r—7
VR E 2T I VAV -V AEGIOR T T — VHF
FLTENT S, BLA7 77—V % Ce AR BERT

BHLTWDKIEHE YC6020 R ICES €2 &, A EGIO
DD loxPEFNCH T R EEA Cre Ml AB A BFRIZ &
>TYWHIER, YSIAIFRERT A, BgEHZO
YG6020 i #X % 6-TG & chloramphenicol (Cm) # & ¢ M9 %
KEMIZTWTIICTERETLLE, 7I3AIFLEDgpiE
BFPPELL TV L EREKDAN6-TG ¢ & ORI
ECauo—%#EETA. 4, CmEELMIERERIC
FVTHELZan=—Ehd, BE77—VHENTS 2
I FIC X A REERGRIROONDS. o, ERaD
S-HEREER IO TR L TEREREHELE
¥ 5.

<y ADFHBEBRELTUVB (03,05, 1.0, 1.5, 2.0 kJ/m2)
*REL, 4BEMBIERLT, RELEKIZDWT gt
BIEFENEREEE (MF) 2HIE L2114, UVBREAHE
03kI/m2 B L 705 kKIm? THET 5 &, REOMFHPIER
SEOIBULIGELZDINL, EFOMFIX2-3/ET
By, BREFERLIDSUVBOERMERBIIHL, B
ZUERTIEPREINTS., REBRRO g ZEEEIZDON
THH V- /72— 2 HWTERBREOREEIT) &,
EBRND% {135-TC-3, 5-CC-3'% £ O dipyrimidine FL T2
X7-GCH 5 ATAD ransitionERTH o7, CCHHTT
O tandem transition 255 b Bl%E E N7z, Dipyrimidine EfiL
{24, UVBIRSTIZ X b cyclobutane pyrimidine dimer (CPD)
% pyrimidine-(6,4)-pyrimidone photoproducts (6,4-PP) %%7%
RENBIEFHMORTWS ), 2O EhbAEHRE
ENFERIZIE, CPDR64-PPHEE L TWEZ LAVRIE
& 7. Dipyrimidine i TP G:C 2* & A:T -~ transition
LR 2 CCHh b TT ? tandem transitionZ £ X, non-
melanoma skin cancer D p5S3EZF IR E LR L LTHH
EEShTwa e, —F SAEREIBVWTRGCH,D
T:A -\ transversion %>, CpGESfLTD G:CAH AT~D
transition ZZEATE (BB S, 53 DNADEELHIA
#% % 5-methylcytosine DL 7 I bW g BIET TR ONS
HRAZERERIFELTVWAZELZRLTWS 120, Kig
HTBI 2 gprliZTFORRRRERTHEARICALNRD
ISI DA, SEERE <Y A SR L 72 g BERET
BELBEENTELY, T LidgpnBfnF Lok
BEFTYAEFEATEAEER TS I EZREL T
5.

10. 2 Spi-selection | & 2 RARREREDIRY

NI UAT 2oy T Agptdeltald Spirk L7 v a v
PHOWTREZERZRETE 200 5HMO—2TH5. T
5 VAP —®D A EGI0I212 red/gam BAZT B & U chi BLY
PHEET S, BEROA 77— VP KRBHEICEET L,
A7 7—VRABHEOMBEATHELTF 77—V 2fE
D, BRI KBELBHSEEER (F9—-7) &
5., s LRBEOSEEEIZP27 7 — Y DDNA
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MEASNLEPRBRETIR, FEMOL 77— IS
LT 75— 2% LEw. COFERMAT77—JDOP2
BB 5 2BIRI % Spit (sensitive to P2 interference)
LIRS, —F, redgamTRHLFHEESTELL TV L
RE77—TJEREBEREHIZHLTH 77— 2 RKT S
CEMNTED (Spi). Spi#BLANUI red/gam MR T 1R AE
DORFELIZE D b s &b 0, SpirERkiEFICRE
BOEREFOLEZOLND. red gamBETFIZFNER
TR U7 R R A LA HRRIER BV EE
RoNBIDTHD. SpirtL s a il ta o Rk
EROKE ST invitro’Sy =T FERELLZVIEH
(#710kb) PFLREEZEZSNDDS, A EGION<TIRY )
AEIZY U FLIFAZRTWEZ LSS, o=y

MIE oA ole KERREER S FHMICIIBRMTEER
bha,

Spi~k L7 ¥ a Y OEEFEOHEE R Fig. 617K L7, in
Vitro X9 =T v Il o TAEGIOZ BT A &P T
X6 TGV > a bl Thsd, BIERIT77—Y
¥ PEHEICR S, 3T CT—BRISIEL, Spirkst
77— 2155, I/, FERBICERSEIEET T
—UHFBHLTTI— 7 2EHDT, 77— I DEIFE
BROLNE. foT, BRTI—I¥ERIN7 7%
T LU CRAERBHEN M E NS,

AEGIORHALAL M VAT 22y 2T A2y #5,
10, 50 Gy # FB&T L, 3HBICHES T HRL-EZ 5, IS
12315 SpirZBRESUARE IR T h £ 0.7 X 105,12 X 1075,
20X105Thbh, HoHHhk EAIRD SN2 gt
7 AHRO Spi BRI OV T REMZFHT LA E S
5, BEATHIKDIZRIABEA L ARE SOREERIEE S
Nz, UVBRELZZTYRADERICOWTS Spirkl 7Y
arFHOTREEROBITE{To/oE IS, UVBF—X
0.5kI/m2iZ BT SpitMFid, JEBRGEEL 0 L FAFICEHL,
Ikb A E DK & 2 RIIIFEHGTERICH <1065 B AL
7o,y BREBHREIERIC L VBRI KRELRESE
FURo% i, BEESAI 18N OEWHEE 2R 2
FoTwah, oo HEIMLRILWVEFIRTHtSEL
TWBIENEDol. SODSHERNELIE, —&
HOr 22 2 L DNAKGE LA NMERZ 12D

WL TELAELDEEZORD,
0. 3 SRV z=y 7 BEENRBOSHE

PSIUEF-RAPCHIET D X H IZRMFABRRIZEEMD
AMEFOLERZEAETHI LR, BEAOEELEZ
ECHELRHREPIEMT A, FAEQERIZIIEy BUE
DEMEEL, BOEAUBOERR TpS3 R APCOER T
BT ERELDEAAMTHL. VSR 2w
BHEGHERB TR, HALLLE— 7 —RET 2 RIS
EUR LR - BT 42700, JWEREMICER

FEMMICEN T A LA HETH L. Lo bRt
WOMEEL LTWATYD, BROEMMEL EIEREBALRE
DOWIHNEHETH o> WMBETHLERFMBLSFLALT
BT T A ENEE 2otz

4RI LI gpr deta~ 7 AL, Fl—OEHFICOVWT2
DO & ) HPERER GREESR, 7V—4T 7 })
ERFERZHFERBIT S, 2oy AT,
Ehmmat, o SRS, mRRERBIcETIh AT
a4 #1) v 77 I R, ethylnitrosourea, mitomycin C %
LW FERINIEHBEROFERIED SR TY
3 W.12.123) | F 722 vy 27 8-0x0G DNA glycosylase % 27—
F92MmhOggl / v 277 b= RLDRERIZLY, &
BATET 2 NEEOR LM EI (BRI - 7
FIZLHVWLR TS 123,
SZIIDNABBHEEEREFERBLLE 2 v T b7
AR MUBBREARITLE IS VATV v TR
LORBEAEL T, LEMROMEHERID 5V I12i0E
WEDL ) LRRTFFERLZZHERI LT 2Dh % in
vivo CHOPIZT AAVEL E TSNS, FIZSpit
Vo7 vavid, FERIRRMMR A ST RIER LT
DAL= R THY, DNAHIOUIET & HHE0A
BPEEOLHIIELDOP T invivo 2BV TR T BERICF
$HThb. T, PFrAVzZ v s RAEFVTRA
ARBRETI S EICE ), BYFALEROMEY L H
T T A2 EHMETHE. BVARELZILHENR
BIZBWTIZZ v ML WIEREIMEDILTWwS, 25 L7
EroTrE, A—OLE—%—METEHRALIFS >~
ATxzZv sy VORRIMETHS. 21, KEHTO
LFWE I L B ESHER BT T 2 L vy TETIR, + 5
YAV 2= v ¥ Zebra fish'?® OEITIIEED B BREATH
5.

5 H )

Lk, BERIS VSV ATV 229 9 RET, fiE
BLZE MR 72REHERBN 7 A ¥ —OHE L FOIGH
PlHZDoWTHA L, RiZELA L) IR{EHEREBOR
Ho—oit, LFEYFADOL MUETIITI2ReHET
W -T2 5. RAOWELRETFHT S &) Tk
T, KIUDOKIRRLHBEEDOTH, FAFATHELEE LD
THLIBHHEHE Lkw, AL EOT AN,
TG E LD e MIEBEHY L ERE ) REMICRY—
THh, Hrs AOBEMTRHEDEVL, SHIEEFHRL
HEECL > TEFZRZITVWAI EATHING, T/
MRS EO L IR G SN Mo EE LTS
h, TOHETLHTIBEFTLERRL>TWE, LT
TAZ—E LTHRVORSEBIIZIIHEE, REE0H
SILAHONTEY, RO FETIEL YT

s
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BT EEFEREBIZLTWS, Lk oT, 4%, #@EH
WHRERZ R L TITCBIZIIO P 0EKERORIERE -
HERBLZLEDLI L TTFHORICRYRALNEED Z
ENRETHH)., T A8—LLTHVAQOEYOHE
=, FREZEOLHIICLTHEHRT 2N EVI RS, 4%
DEEFETHS.

AFETHY BT T v F VEBBEERETF (NATL,
NAT2) ®hOGGIEZF TR ONDIBIZFZRIL, {LFEY
I35 FORKRELER L ETCERELRZRTTH S,
NAT2 2B L T AFEZ & 12 rapid acetylator D HLRATE L 5
ZEFMmonNTEY, FEEELTTREANEE - BRik:
WOBENSRREELTWwEd Lkwnie, 72
NAT X CYP 2 EEMA BB HERIZTOLEITIE~X, DNA
BEERGETRPRESA () BETFICHET 24O
FIRFIZoWED Y THELEEL BN, 44, #FEM
% single nucleotide polymorphism (SNP) EFEDiEE h L3k
2, EYHBEEDAOREFIIOWTD SNPEHRAER
sh, HEURDLIVERBPABRZUHLOBEFHL RS
ZENEIND, KEREREZA (National Institute of
Environmental Health Sciences) Tl¥, T 9 L7 EH 6
Environmental genome project
(http://www.niehs.nih.gov/envgenom/) D& D TIZELH %
B &L ORBRERBEBICHTLI)IELTVS, F
X ATul ey bR AGTRIGHEOERIZEY,
EBRIYOEE, REEOBRFHRIRITT LV TH
LI END LIRSS, 29 LmAR. 1R
BICH L CHY 2R (H5VIRM) 2RIRT 254
R, RERGTEZEALZHBER N VATV 22v o<y
ATy FERHVIEEMRBRICHFEMRLERHETS 2
YiardH., T v TN URALRRLERER
BRI~ Y 23, ZREOBEOMEICH L vilittz i
b Lz,

BRI, SREBEICR2L LBEDMAREEERIFONE
v 7 A% —DBAT S, {LEYHRPBEINHETEZ 52ER%
Ro% i, DNAIKHIMEYERShA Z LIl L o T
HHNBN, RfafkDEHEIT) DNAKY 27 —-ED%
i, DNALOfHIMkZED R 2 5 2 AT E T, i
M CHEEELT S, 25, —RoBEI ey
BATEAR, FOBRICHRLY — (EERFIZL) 25
5. BHEITI— 2L )4 U/DNARHIE, ROBHORE
R L LT E, [ELV] EEMEsRo L ZEH
DNAHES N, B E LTI —IEESNERER
MR L., ZOEEIRL 2 2 T DNA#HEI transle-
sion DNA synthesis (TLS) &IE:iEh, RALRFREICBY
THELZBEHER-LTWBEELILATWVD, £,
TLSIZED A2 FELDNAKRY AT —¥D, NrFUTHh
L b TR EWETR WA S22, FERREN
ki, RKBHEIC2HEBEFET S TLSEODNAFY A 5

—+ (DNA polymerase IV, V) B84 {3 v hTCRWAZ
N7z 4 FH D TLS &I DNA polymerase!35-149) L dtii¢ 2 #hk
IR (FALY) #HLTWwA, & FDTLSE DNA poly-
merase ® 1 D3, AR ERVAK T RS HEWH
Xeroderma pigmentosum variant (XP-V) QR REBEFTH
AIENHLNIZENRT VS04  Z 1 50 DNA poly-
merase 1T BRERDBEMADOA L LT, BRRLEIFAD
EEREPMNELEZ S LTERLZRTFE LA EITHE
Ehb. TLS #10D DNA polymerase 25 b DZESRIERERIC
BOTRETHEIOWTE, 4R ESIKRETHLED
Hr9,

e &

ZITBALLHENE 3, BEVEESESGHEME
FIEEBZERIIBVW T30 TH Y, GEIETTE,
HRRBEMHEL I LORAMELE o 2 H 4 ICBiLH
LEW2., £72¢ } hOGGI RIZFIZT AHF%EIE, EL
WALV Y —HEFTEYER FEHEBR) L oXRHRE
Thh, FPIUVvAVLZy Ty AOREE, RS
HH B EIE, POHRERRESE L, 7 KEMELER
M2 LS BOMEE L DHEAMETHL. PF A
Vrzovw ey AOUVBEREICET ARFEIE, HKkFE
B2 N R, Mt & OEHETH 3.
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Nitric Oxide (NO) Donor

Masayuki TANNO¥, Shoko SUEYOSHI and Naoki MIYATA

Nitric oxide (NO), which is synthesized from L-arginine by nitric oxide synthase (NOS) in mammals, acts
as a signal molecule for vasorelaxation, cytotoxicity and neurotransmission. The difficulty in handling of a
gaseous and labile NO causes problems with the effective and precise studies using NO. The increasing interest
in the biological roles of NO requires the use of NO donors which releases NO under the various desirable con-
ditions. We systematized the most commonly used NO donors in this article to support the biological investiga-
tion. NO donors were classified according to the functional groups based on NO-donating characteristics. The
preparation, chemical properties and NO-donating ability of these NO donors are summarized. It is particularly
described in some detail on the stability both as a solid and in solution and the handling of the compounds.

Keywords : nitric oxide, NO donor

1. LIS

MRk EBEAF (EDRF) OFELEXK 20E/H 2 5
mon, TAHF—EIEF (NO) BEFTHLHLHLMIC
ShABEFTELIZHIOEDOEELXELLY, ThLOHRE
% 4T o 7z Furchgott, Ignarro, Murad ® 3 A ® NO®FFEH A%
19984E0D ) — N VR - EBEEEZZE LAY, NORK
K[PEEL, BEEREYYE, NOx L LTHS oo nT
WESTEORSESTTH Y, THIEZERATESE
ShFH SN T2 LIZBETH 5. NOIINOEHEE
F (NOS) I2XDL-7AFZUHL-¥ MY o~ BEER
LZEICEETS. NOWBELIZ, BHRIEEYHELELTED
HEFEBEIIES L TWEZdbbhoTE L, BETIE,
NOAHEEHE (NOS) DFE, 3BDT AV 7+ —4
(¢NOS, iNOS, nNOS) DFF L ZzDra—=V s, I v 7o
T hey AQEMEILLIERLITDABY, i,
¢NOS, INOSD &4 HAHVWIITHENEGTHHRELHL »
ISR TWB2, HIZIXNOS DL, BiiRIE(L, HIME,
73— LERFREE, 4 VRS U2z, $72, INOSTIX
BififE, ERefE, Vv, BB, FEEICBESL,
MEIEST 53RN - FER N, L, &, 8),
FLTHERBETH A, ThoNODRBHEORIEHIIIE
PEAIIED LN TS,

NO DA UR A ERSFOER ¢ HETT 5720121, NO
PEED L VIIHENICERICEZZLEN DS, LL,
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NOWRS TR BTN EETA 7Y —FIANTHY,
HREETTEATH A, T/, KRDOBECTHEILEN
Ry, PETEEMNICRS JERELW, —foft
FEBR TRV RIZFEINTZNO T /I ARES R CH
RLANOFAZFIATA. ERECTHBEIINO ZRESHE
BITi3, EREEET MY Y A OMERICIERERZ T 859,

LaL, EMEBRRTEMIEDONO ZHIE L THERT 2
HPZWOTINOLDOHETHVWDIZLIEHTH S, £
HTNO %IV AEERTIZ, NOOKERE LT, FERCH
FHAELRTL, BHZBULAREL2HL, LEREONO
2 RET L4, NO FF— (NOftEH]) 2EbNID X
I oTE, NOOEWERIZET A5 RIERYIC
HEAFDIINO FF—DOHBITKE V.

NOOHFEZ ABREFRICRETNIE, b dLmER
WZEEE D, NOOBEEDIZ- &) LTELDS, MERPH
BEREFOMOFHETRRZIIZo &) LTV R WESH
£\, NOW, MRBEERTYEHRIZE ) 2dboTWVED
W, FZIWNOWE>TERALZZGMPIZED L HIINO
DOYERZMALTWE 0P, HROBELRLT R M= I
BREIphboTwah, Fr7Bo=ruftiznk
FIABENTHwEOY, ZEBRFONOLELET LM
HEIRINOODHFHEEZZITIZL woh, E{LERGTEY
ZDOFFELITTRBEVENREWZ ) LAEHIZEZ L7120
WCHNO FF— 2R LAERIEHLFYTICRE, &
o LEBILEMIEIONONF—OEERE X,
fEL2DNO FF—BEHLEWEERLTELY, EHILE
B L7NO FF—REHDONO FF—DNORLEHE (NO
Zerkhl) RPETE LML EBOERLLY.

BIE, BAONO FH—HHHE R T EMLEMTE
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LA THADH, FDI2, NO FF—D{bEHHE + B
L7 ETHIEDBMIZHEL/ZNO FF—%2ERTH I &
BEEE 22, 2, NOORBREEIHETE, FEEsd
D, NORBROEBEL XTI LWL I L NO FF—HER
ENTWwE., L2LLdF6, NOFVF—%HTHEE4D
FERNO FF— Db ERRESER 2 4RI
BALLEXEIZIZEA LRV, EXA—h—250HFEHTIE,
B> T2 HRIZE L TIXEEICEER ST A
NO FFH—&fk2HA ) ETALENTHS, EEHELD
BEMP»ONO FF—itBT 2 E0hRIEERATE
Y, B, EYEFENLDDNO FH—HnH %4
MLV E2—2T?, T/, ToOLEa-RHIZd
NO F+— 2B+ A EBEREFV L O HEEh TV,
EHESLD INOALZEL &Y (FEAWME1996) B LU
THEER—#kEE (NO) EBSu b a—n] (S
2000) TNO FF—IZoW TR/, FEsid, Fhoic
RBLZT—FCRTOBREMELADOTH S, BIE
HERENTWBNO Fr—2h.LICERENICSTRAL, #
i, BEYE, BERRES LUTKERPTOREY, BRES
%, NORERFEREER T LD/, 2, HHREATVER
WNO FF—iZownThad® Ll 7.

2. NO K+—DR5E
EESITLE, NO FF—0OWE % NOOREFEIZH
STRDEIICHDIZFHLAD, (1) #BRKICL YR
{LZERIINOZRET L2 HEREERLEY (2) HHEHBT
- 7AA)EIZE )5 LNO ZRET 2{bLF RIS

Bicat () RHABFRCLVIHLNOZRET HMAH
EHEEEEY  (4) NOSHBIS 35 NOREARIZIERA L

T, NHMENORAELHD S NOFAEREHELEY TH
5. LH»L, NOVRETLHITOBEFHAEZLDOEE
ML, EROPHEND, d5VIIERENIBERG S,
WKLo TLEREOGHI—MEETLILIAHLH D), ThE
NEEICK ST LRELY. 22T, SEISHEICE
L0, TebbNODREIZFE(HETELEEZLNS

ONO,
ONO;

ONO,

ONO,

GTN : Nitroglycerine

3 ISDN : R = NO,
(AEE. BBE13RE&A)

Isosorbide dinitrite
(FARE. AR13RE5R)
IS-SMN:R=H
Isosorbide-5-mononitrite

BREEIIOEL.

BFAEHREINTWANO FF—IZDoWTid Tullett 3 £ U
Rees?) LDOXEEZ D LI, BHOF— 58 L3LiZTable !
T &, (LEMERERIERRF 2 EORPRTET IR,
F7:, NO F—Ex SEBICBURL.

NO F+—i, HEHEMICEHEHEELHAABIIFTLIL
MNTEDY, HEEL ) OHEREOFPEHIIZ R
FRDBIEO R Table PCHBIETH 2L A4EHTE ML
7.

3. BHERBINO KF—DOMREESRE

—fZIZNO FH =240 LNO® RET 25546, WEIL
SHEET Of, #, pHICX A2RE) TLEWILFHR
BT (BECIZ2EECNIEEDEFETCORIL) T
NO 2T 2B 4D L VO TRATIRERARE T CONO
e (BekE) BB A3 MA .

3. 1 HMEIXFI) (RONO;) HLUBRMBEMIX
FJ (RONO)
—tar)t) >y (NTG /21X GIN), VEEEA VY
JVEF (ISDN), £/ HHEA VY VYIVEF (IS-5-MN) O
WEIAFVHLERRA VT IVEOERRETVFLT
AFNIZGEENDE., TR b BEBRILENTH Y, Pl
ERFRICHON S, BEREEA VT I VR NTGIE HARSE
BAPNBREERTHAE. =27 V& KRN-2391 b WEE
TIATWVHEEERTHAD, TAHIENOFF—EWVIH LY
bELAKFYANFT—TF—EHENDL I EHFENI0,
ARBELELTTUIN TN — VEFHERHEEETS b
TEELB= P a VLT 5 HEPHLA TV S, RIEK
LA CRIERBOELR TV, ZThSDNO FF—
REREE LTEERA— I =26 AFTEEZ O TERH
134 L7, ISDNRIS-5S-MNODAEREHTHLL VYL
EFHEERELTAVWLATYWS, TROWBEIATIV
HPERROY F 70— L P450 R F 4 — VT THH X
N, NOZEKLTMEZ T EEZONE L2k

Y Me Me
< J W
N ONO

Nicorandil: Y= O
(APE)
KRN-2391: Y = NCN
(FRRRE)

Iso-Amyl nitrite
(BRE. BRH13RES)

Fig. 1 Nitrates and Nitrites
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Table NO K9 — DR (J. M. Tullett D7 — ¥ OFAR % M2 T—E%ZE ™)

TH

%1 YA
itE

SR

(U ES

AT
27V

B ER
IAT IV

&= bn
I IVE

vFE7
R

{1
/4

GTN (NTG)

ISDN

Nicorandil

iso-Amyl
nitrite

SNP

NPS

DNIC (1:20)

Molsidomine

SIN-1

ik, EtOH X il DMSO
TR LB EE.
ESARAF

EREEREL

EtOH W%, AKIZEER,
2-10°C THREFT. #2107
[

Wik, 4°CTHPA LY
HT ABEHIETE

SR, WP, SRR
St BT, ki
B

KIZWiE, 2-10°C TH
B, HEBRETE

J0°CT1 ¥ RAMUER
Eo MMAKBHPTH
o

BRI EE. kT
FiRCHFH. DMSO i
B LTHRE

Bk OERE IR E,
Y% BEVF 20°C CELRNY
¥o DMSO, % /J —
WVICTE ., KR U pH
5.0MEMEHTRE.

BRI B L OIERE R CR#Z Z1 5,
FA BB ATV RSNO,) P& & T
RSNO % & NO #5835 o §§ VIl /MK £2E |
Fo EBIRILIRR, HEHEE, IP WK

LREERCo EHE, TP IR

P lEGHH . BB IRIER . GHF%K

NO DF A (1L SHAEDFEN Y E . RONO 2°
G PR . NO D Z84 B 13 RSNO DA 1K,
HEEDOMEIZR S, RONODMHEMED
HHEE, TP PGE

BRI B X UL FMIC NO %8S 5 4%,
RERE A, ¥7 Ve FERICE
o EPFEHFRITE P THZ 77

FeHEAl M#ZE. '

Caged {LEWTH Y | FEIHIZL H NO i,
SNPLRLYD., V7 ricka8ERITE N,
7t

LV A5 4 yoafE THRLL
(L-Cysteine),Fe(NO), $5 K D W KB
e R

In vitro TAEYE ., HFIEOIZA 77 —-EiZL o
TIGHACHK SIN-1 ~EI S, NO 254,
BlERB A, HEE,

IR R & D BITRAE. SIN-IA AR L, F
THNERERETNOER S, BEHELET T
A—=N—F* T FHERK, NO DFEH L SOD
I h¥Ak, RVt ¥ Y HEAE (ONOO) &
OH I U h VAT AW HEtkdH b o

g e ~

A

AK

F I,
K, W

LK,

F I,

F, I,
K, W
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CZ i G HiR, KEH. EH%
i 5% -
L KA " T
GEA3162 |KICTiE, EAOIERIE | 2 ICHBEE R NO F+—, LK
BRE. Y67 HiT-20°C | BIFERAZE
TU IR
GEA 5024 EiEELREIL FEREREL LK
GEA 5583 ERERFL rEEERL K
S-= b B V|{GSNO Y% BEF 20°C CELIRRT | O IRICLI ONOE VAN T 4 FAK, F|F, 1,
F-4— IV B, BRI Z VB A NI INEERT S, SOSRITEHRPL (KW
YERSABE W (pH 2.0) 72 DB X o ThnE S, EBFED Cu® YT
F0.5- IMBEBRICEN T, | 5o MIFEHRE
Bt ERIT4CTH
ﬁ .
CysSNO riEEEL EEEERIL w
SNAP xR SRR TR, | LREEFEL F 1,
BRI TEL, K, W
BB 2 BT 4°C Tl
B
NONOate i | ANGELI'S |20°C TE¥i, KT - |ARMIINOE R, TAUH VHTRE. BBIF I
SALT A¥ ) —VICEE HTIHE V3 E, pH T NO 4 % i,
i e
Diethylamine/ |-80°C T 7NV T X F 2 X |BREMICNO 2 E4, F4— VIRENEWE |F
NO BET CTHRG NO DRENET, 7VHVHTEET, pH
RIZTE, HHBICH |DETIZHE>TNO DRAEEEI M A, pH
NaOH TR B, B 7 [5.0 Tid# v, pH T NO F&% ke,
NI T CHHER BRI
Spermine/NO | Lit& | L HEMESETEO AN I Y 4R, F, 1,
W7 R R K
NOC LitEEL 0.1 M Y & buffer # 37°C, pH 7.4 TNO ¥ % |F, 1,
495 NOC EHDERIM (3), (RINA~RS MV [K, W

#): NOC 5 (25.0), NOC 7 (5.0), NOC 12 (100),
NOC 18 (21h), FFFeH 3




FHEb : NO N — 25
%ﬁ“i?’:‘i ’ti;lk\ ."ﬁ.% 2 BE
. ° \ 17’“ i~
s s R W5 Hoser
t F o ¥ ¥ INOR BRETERER. NOREOREITALZEIFH2,  |RL
2 DMSO 2T # o pH 7 N |0.1 M Y > f buffer #, 37°C, pH 7.4 DK K, W
A1) QTR IRAEN, FCNO Z 545 NOR FHD EEM (),
' (ESR #): NOR 1 (1.8), NOR 2 (28), NOR 3
(30), NOR 4 (60) NOR 3 ¥ FK409 & ¥ &
hd, BFFEHRE
¥V F 1) |CNO4 2-10°C R %F o FEBETET K| BEBEHC X Y NO #3843 % Caged (L&MW, &K, W
7Y WCEEA ‘ EH pH T CREERMENE CHERAMNESL &5
TERMICHAL 2O 51, A HAYIINO %
ERR. NORHIDOERT. S X REDHIHE
WUTEE, RFFERIRAEKE :
CNO-5 rEERLU FHHIC L) NO 2H4ET 5 Cagedfb 5. K, W
CNO4 L £7% W EZEAENE V. HIBHNTT
A5FI—EIZX DhkaEsS ., MBRICE
o, NOWHDOBET, RMB X IBREOHEDS
HE. CNO-4, CNO-5DEFINEI30.02-0.05,
AR
FF K N = |BNN3 % B B HE Thidko |JBHESHC & ) NO #5475 Caged (L&Y, A |W
PO VT3 JeiitE. DMSOICHE |V M) 7 ¥ VHEERETFIERIZ 2 LBV,
V¥ Wrge R A3
BNN S5 Na |JG%&0)SHE THEK. |HMRMAICBELTRE, BFFcHRE w
FKIBYE (SmM LA L)
BNN 5 Sk B S HE T, | MRS AR, 7R w
Methyl FKICA &, EtOH IZHEE
ester DMSO TJ¥A,
7 O ¥ ¥ |4-Phenyl-3- {4°C. BFFFRTE T 3 4F M | SRR R/ MREEE I &M 2 773 F, I
o furoxan- F5E. K. DMSOIIH]TE, |HFFeRE 3R
carbonitrile | FMIIAEE. V) VEER
FmhciEE
-20°C THEER
BERE B N-=|STZ O T AKICWE, [ JEBRAHIL h NOZREET S, F, 1
PO VRE BRIEIARE BFFER R
2|

* ZESETLREEE S | A B Kt (S AAREEMDE 1998-99 (55 22 B) BAREIEER L » ¥ — 1§ IEERIRA,
F: 7Fa G, L E#HLE, K BELE, W sk
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LDORREDZETHEL, bbb, EERATI NV FF
YL LFF—NEORBICEI WS IV FF - VICE
RENTNOLERET S LSO TV A H 1, TR
FLoNo#ERERIE (X3.1), (X3.12) THY, =tus
Yk L) RWBEIAFVOEEIR (R3.13) & K
3.1.4) ® (X315 »5 (X3.17) CTHEEEIAFVE
NOFAEMBIIR LS, HEBI ATV TREOBEL LT
P-450 ZREHTARBOEZ LR TN B 1),

R—ONO + R'—SH —» R-OH + R'—SNO (3.1)
R—SNO —» RSSR + 2NO (3.1.2)

R—ONO; + 2R—SH —» R-OH + RSSR + NO, (3..3)

NO;" + H* —» HONO — NO (3.1.9)
R—-ONO; + 2RSH —» R-OH + RSNO, (3.1.5)

R'SNO, ——» [n'—s + No,] ——» R—§—NO orR'—S—ONO (3.1.6)
‘ o

R'SH :

R‘—E—NO orR'—S—ONO —» R'—50-S~R' + NO (3.1.7)

SNP : Sodium pentacyanonitrosylferrate
BRI

NH, NH,

HOch\/ é\ 48-\)\C02H

DNIC (1:20) : Dinitrosyl-iron-di-L-cysteine
prepared with an excess of L-cysteine

(AR

3.2 #B=-FAYIER

3.2.1 ZhAZTAZFFRUGLELUZbAIIAR
yavOoirF AV L

=ba N FFRYTL (SNP) L= b ARYS
yoons+ bAYvs (PNP) HFHEEERATVS, SNP
OFREERE LTERERL TS, ThH6ONO Fh—
XREECNOZRIET S, £ { ONO FH—HIIEHEIC
BHIZTHE, BELICNORBOGENHKEES. L2L,
DT NV—TDILEWE, pHIZX o TREET, LB
BINOAXEETHOTHMBATAHETADIZENE S
NTwaY, 72721, EHELOEBTIIRELIED pHT4,
37°CTORFHTONOLMBTAZ LA HIHLA. o
T, BETCOREHBICEENILELEDRLS, SNPIX
Ka[Fe(CN)s] - 3H,0 #iRKICIHED L, BWEREZMA TRIEB
BER7OLREEF P Y ATHALTEORS (R32.)W.
PNP D& RuCl; - HHO DRKBFHRICEB L 225 %
TKNO Mz TH$ 2 (X3212) 19,
SNPiZNOLUSADAEERLRL, CNE2FoLD20
FUANOIZ L DIEM LM 2 BRICHM ST 2T EetED
HLEDOTHEE LR >TWD., Thizxt LT, PNPIZCN#
PRIV TC, HHOK, #RTL2EBEER D, 12750,
SNPIZIHNFICLEAFIHERTELLFIFIRF—FDEET
HLhL, HMHEDT— 5 L WEGRE T 55472 E, SNP
DFERIZFIEEWERDbIES,

NO
Ckl WCl

K, “Ru
a”’ | e

Cl

NPS : Nitrosylpentachlororuthenate
potassium salt (FiZ0ET)

To
Fe
ON, /s/ S\s\ _NO
1 oy
ON \ NO
ON

Roussin's Black Salt :
Heptanitrosyl-tri-u3-thioxotetraferrate (1-)
(FARHE)

Fig.2 Metal Nitrosils
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¢. HNOg

Ki[FeCNJe] —0 o Nay[Fe(IIXCN)NO)] * 2H,0  (32.1)
SNP

RUCHLH0 + KNO, —arC o K [RuCHNO)Y  (3.2.12)

3.2.2 DNIC

®iE, TILWNO F+—& LTDNIC, " HlREhTw

%. DNIC (1:20) 13$k= b N, L2254 5T
L7288 (L-Cys )2 Fe(ID(NO), D 1 [ IZ20 U EDL-V A T
A EMA72HDTHS19, EDREOEEHNL-V AT A >~
DI BEFFOFF-VERMEF LT L5 b dovet
HTHBHENDEZNLDNICHNO FF—L LTHEE L
AR

3.2.3 BaryHyliE
IIAY—WEEEOBR- bu L E LTREL
v V3 (Ma[Fex(NO)sSzl: M=K, Na) & B v VI8
(M[Fes(NO)7S3]: M=H, K, Na, Cs) 2" 2 HH 5T 5,
MERBENH B, BNy 3 (Roussin's black salt) 17
BANFBET TR RSB TOINOEREET S Z LW
EgEEhA, 2L, Bary Yy VERTREATWE:
WOTHLELZGUTERTALEND S, E® 1) &
W7 N ERALT VA ) OREKEEICHERESE (1)
KB E BRI S ¢ 5, 2) KEMbsk (D & ZHedbir%E

SIN-10 : Molsidomine
N-(Ethoxycarbonyl)-3-(4-morpholinyl)sydnonimine
(ARE)

N+
N
|

\%
Z1
=

N\o

SIN-1:X=0
3-Morpholinosydnonimine
C78-0698 : X = SO,
(FRFCEEE)

EOREMIIT VESTRANMSETNOEZET S, 3) ¥
L ihB 2225k () 2 ACBRE S €, NOZ#T 5.
BNy VBRI —RICERD D BREOHKST, 8075
EFRLRTV, K, TF =, T—F Vi EICTHE.
BERICENTE, ERPPICOBIET L. ZBRY, §0t
TTRRETHINAEETRSETS. 7TVITUEAR
T, 20CTCHRET 5.

3.3 Yk/zZzx8

3.3.1 FIT K32 (SIN-10)
THENTWEMERRETH S, REINTSIN-IA
ERENTNOFEET LY, NN bV 7 IVELT I
T b= MY VEREEICILTAKT S (X33.1) 29,

Nitrosation /\

0 N—NH~CH,~CN —————» O N—N~-CH;~CN (3.3.1)
N=°
o. [ lum
Yo
N- EtocoC! o
o/_\N_N/ ot e— N HCl
\N +\\N/° ~—/ +\\N/°
SIN-10 SIN-1
cl
X Y

+ N

N~ -
A\

i1 O)—NR

N<o

GEA3162:R=H,X=CI,Y=H
5-Amino-3-(3,4-dichlorophenyl)-
1,2,3,4-oxatriazolium
GEA5024:R=H,X=H,Y=Me
5-Amino-3-(3-chloro-2-methylphenyl)-
1,2,3,4-oxatriazolium

GEA 5583 : R=CONHCH,CN,X=H, Y =Me
3-(3-Chloro-2-methyliphenyl)-5-(cyanomethylam
ino)-carbonylamino-

1,2,3,4-oxatriazolium

(FAEHRE)

Fig. 3 Sydnonimine Derivatives
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3.3.2 SIN-1 (3-Morpholinosydnonimine + HCI)

BMEERE LTHEAIRTWAELY FI o3
THy, EEREL LTHEEINLTWA, SHICFBEDCIS-
0698 &, tMiEEEN-= buVEERHETHANO FF—IC
STETEL, BESTFERMLEID, NOLRA—/3—F
FUF, OrxRAETHIESRTYS (R332). £, &
#5655 pHTA TNODMIBAFEFALA. 5) NOL Oyt DR
Bk D iEEEEIl Bt 3 DHEREA A >,
ONOO-% #J7 % D T ONOOF&EH| & L IFIFh 5 222,
MFEIZIINO FF— L EVnEW, BMETRE. TVH K
2T 5 LGRIEEL 25,

0y

0;
OH /\ \ 2 /™
SIN-Y — O N—r|l—CHz—CN o] N‘—PIJ—CHz—CN (3.3.2)

N=O N=0
l NO

/M
O N=N—CH,~CN
(A 2

H#

O N~NH=CH—CN <L

\—

3.3.3 #AXxHMUTVUILE

GEA3162 [5-Amino-3-(3,4-dichlorophenyll,2,3,4-oxatriazol-
ium] B & UF GEA5024 [5-Amino-3-(3-chloro-2-methylphenyl)-
1,2,3,4-oxatriazolium] D FIREIE ST E LT 5, KiFE
T, BELZNO FF—TH 52, Ar-N(NO)-NH-C(NHz)=NH
FRECHMET D LART S (X333) . GEAH (GEA
3162, GEAS024, GEAS5583) & SIN-1 L [GH£IZNO & Oy % it
# L ONOOER ZRT L EX LR T 29,

o R NH
N.
HC ==
H’-@-N—Nu—c=~u - R N/ ‘ HCl (3.3.3)
| | +\\N,0

N=O NH,
GEA3162:R'=H,R?=Cl
GEA 5024 :R' = Me, R=H

3.4 s-—tavitEWw

S-= FOV-N-TEFIV-DL-RZY F I ¥ (SNAP)
(m.p.152-154°C (dec.)) ¥ BIUS-=bav Ly 54>
(GSNO) (Z/K#14, m.p.176-179°C (dec.)) 25 A H%4.
B LOFEBERHRTTIE (R34.1) 0L H5IZHELNO
THEEYT 5.

2R-S-NO —» R=S—S—R + 2NO (3.4.1)

—fiIc= PV FF—HE (R-SNO) RZRGIIARE
TdHb. LHL, SNAP, GSNOB L UfS-—ba v A7

4~ (CysSNO) R HBMEE THRVR TV I-OmREh
THD, HIZSNAPIENO FF—, LTXS VLA
FHRLBYTHAH, ThOFF—NVERFHTHDICT
Tr 7y RLELETHEMINOZREBL, FPLT >
A (BFE, T4 - VEOWHBI L 2ERHEORIT) 0/
SWERLERIESRTER, LA, BT, 1E0MRA
F YD ERET S 2 LA ENA%), A VA
WS, /2, Sy PRBRTOMBBRIERDHE S
NTwa W, B —RICEERF T CF 4 — VI HRS
BeF bUAKBHEEMADES = PO VENERT S
(5,34.2). SNAPRGSNOWXZ D HETHEHENE. 1o
ZbOvFF+—IH#H (RSNO) & L TR=Et n-Bu, +-Bu,
PhCH,, PhDOFEAK L H O N T WA, Th 51T CClLh,
—20°C, BFFTCT IV FNVFF — VHHIINOy % UL ST
LRTWVAEY, Zoft, £ Ds-= baV{bEhd s
T30, '

N8N02
MeOH-1NHCI
-conc.H,;S0,
HS—CMe,CH(NHAC)CO,H ————> ON-S-CMe,CH(NHAC)CO:H (3.4.2)
25°C
63% SNAP
3.5 NONOate}#
0
ﬁ Na* ,LI H R
N o 0" i
\N/ \N/ NH
|
A . N _(CHn

ANGELI'S SALT:
R=0"Na*
DEA/NO : R =N(Et),
Diethylamine/NO
(ARRE)

SPER/NO : n =3, R=R'=(CH,)3NH;,
Spermine/NO
NOCS5:n=2,R=Isopr,R'=H

"NOC7:n=2,R=R'=Me
NOC12:n=1,R=R'=Et
NOC18:n=1,R=(CH,),NH,;, R'=H
(FARKE)

Fig. 5 NONOates

ANGELTI'S SALT, Diethylamine/NO, Spermine/NO, NOC
) NONOate HIIMUTH7 I YHUISMEFTNOF R &
RIs&#7-L SERTHLEYTH 5. METFTONOI
BE, ZEAEO=NN=OXEH LTV, ZOZEE~NK
HBHIZ7 I VARIBLTNOCRERT 2 (K351 R
3.5.2) 3, {bEEEER (Figs) 220HL 2% L) IZH8FA
T—HOXFL—FRETEEL, RELBE R TS,
Keefer HIZEHAMPDE, 7 IV ENODSFFRIREA F
> (zwitterion) DHEEHERFOF MYy LG L UTHEEL,
—#E DL &% NONOate & A 723D, Z0t%, HFHF
L—rDOEEZFALT, RELZNOCEHDABIZEKIIL
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7o, BHEOAWATHRIN TS

NOC i3 HE T TH 248, HEMRE2BETAKIZE
{#EIT A, L2, NOC5, NOC7, NOC12, NOCI8 D
WL, 37°C, pH74, 0.IMPBS T, #hFh, 7.0, 1.7,
13, 853 THA. KB TONORERIBIZBE~DT O }
YEHMBBIEI DL ERTWAEN, Zoikn, TLVAY
B CIRIEBNEED 55, 0.IMKEELF b U 7 LIZ 10mM
WMETHED,P LIS, BT, 5-6%/1 BEEE TNO %K
HLCHET 5. NONOate iz a7 7 7 ¥ — 2L EL Lk
WNO FH—I2 a3 b, NONOate % v T, DNA&
BB EMER % NOBAERE & BIRDIF - BRIV HE»H
%39, %7z, NOC7, NOCI2 2 IVT, 4 ¥ A 5z

B2 NORERESLETH DL LEDOHERD), FILF 2
— MEHENO L DBR LB IR TS0,
Et Na,CO;  Et 0" Ne*
SNH 4+ 0=N—N=0 -5 >N—N< @35.1)
Et Et N=0
NONOQate
R! H 1 H
s N
(CHDn + O=N—N=0 ——» (3.5.2)
\’:‘/" ‘CQ’,)‘"/"\N/P
|
R? Iliz
n=2-3 NOC
3.6 erv¥OXIAIILEE
FK409 (5&tk
NOR1:R=0OMe,R'=H,X=0,Y=H
____@982 R=H_R -l-_LY - N ‘L_!‘L,._._,____ e
NOR3(FK409):R=H,R'=Me,X=0,Y=H

NOR 4:R=H, R =Me, X = H,, Y=CO-3-pyridyl
(RERE)

Fig. 6 Hydroxyimino Compounds

NOR #5384k Streptomyces gneosporeus DFEFEER T+ &
DEME XN NORIIZESWTHE SN, BEF TS
L EEPTHRENTWS, 27727 —%LELLWVWNO
FF—tLTHOLRATVA 2, #5iC, BE5M® 2L
NOR3 i KF-409 & I, NOZMi ¥ 5 2 & R ME R

ERZRTZEBRBEIN. pHAT6 2R Z 5 & NOKKH
DGR PHEL LD I EPSO0HIZE - Tl &ENB EEL
LNTVBAINO DREEHEIZI S I Z T LR 39.40)
KIZEET, PEDODMSOIZHER L, buffer CHIRL TH
B35, EEHIENOR]I 5 NORADIET, #hFh, 1.8

28, 30, 603 THAHI, FHLZHBTH LI, wWOh
DNO FF—DONORERZRANLY, Buib&PohT
I NOR4D NORILHEIL, 2R DBwWwoL B THotz. &
HEEICNODHMIERENEETHLL5EHH Y, BIIC
LoTRIDIATONEMISHEEINLES ).

3.7 FXVBPUTELE (CagedLEW)

NEt,

0" co,H
O,_Cco,R

CNO-4:R=K
1-{4',5"-Bis(carboxymethoxy-2'-nitrophenyl)methoxy]
-2-0x0-3,3-diethyl-1-trlazene Dipotassium Salt
CNO-5 : R = CH,CO,Me
1-[4',5"-Bis(carboxymethoxy-2'-nitrophenyl)methoxy]
-2-0x0-3,3-dlethyl-1-trlazene Diacetoxymethyl Ester
(Fﬂ’?ﬁ’t%)

Fig. 7 Oxotriazenes

CNOF BT CILBRASNPRNVN TV D= bR YN
SR ERICTHEGHEGNC L Y NOT R T S, BELT
WALRBOANOYRETLOTNONRERSZ Y P —
VLR, F, ZhH0bAWE UVES LAEAT
ONOEMHLTWwWAE I LIZ Ty ¥y CRIEL 22 M/MR
BAEMIEERHICL o TEHIN TS, NONOate 7 5
CNO-4 (mp.300-305°C (dec.)) %#%7:# (X3.7.1), CNO-
4% fZFTCNO-5 (Oi) 28T 5 (3X3.7.2) 4. CNO+4
ECNO-SIE T CIzHiflishTwa 92,
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30 3] 3
Et\"‘ _Et
< My
o
Br
o NO.
E‘) u/\ + ? 1) oMF No,
*N -, 3.7.14
Et N—0 Na 2 Dioxans . @.7.9)
R b. MeOH - IMKOH
R
R = OCH,CO,Et CNO-4; R= OCH,CO; K*
1) IM-HCI
CNO4 CNO-5 (3.7.2)
2) (IFPr);NH - BrCH,CO,Me R = OCH,C0,CH,CO;Me

3.8 N-=bOVIEED

SEHMON=IBYT IV, N=PRYTIF, N=bDO
VRFEE (Figs) »HEHNOFF—L LTHERERTY
201, HEDLIATRICEKTAIN-Z VYT IrD
BNNEIZZJTCHBH. F/NO FF—L LTOHENFEEH
Shlcani s RO VEIFHREL LTUE»olRFESh
TEY, NOFF— LTt shTwiwv, BF5{,
— I NS DILEWEIRERICZLVWHEEO D 0N

ZWiHTHSHH. £/, N-= buv 7 I VEITENICR
ETHD, HEALINOXREXED LDHITIIEIBAES
KFREELLEND Y, —F, HIIN-= POV T I FR
N-= PO VRFFEIKRTARLERILAYTHH, -20°C
TORELETLLONEVD, NO FF—k LTHw
W ELFEREBDLRE., ThoD{bEMERIIEED
HPHEDHRIZLTELDT, HIINOFNF—ELLTOFH
FHRN-= PO V7 I FBEUFHFFEN= PO YRERIC
DWTIRENERR (19974F) O IR LIZOTI I TiE
LRGN (W It s ¥

3.8.1 FEEN-ZMAVTPILE

N-=bO V7 I VB RGP THRIBT 5 EALT
A PUEBEERTLILIIHEL OO N, FROLE,
NODREE, o T PahdEE T2 LEXL LN TV,
BIZE, D722V T7IvEANNY—LON-Z bu vk
X, Az rHig0-100°CHHETH L THYT L= P ek
PHEETAHIES, F/ NS PO YNRAFALTZY Y
OHEBEST, S3°CTHRERDE LT bukkERT
LBIEDNOVTIORIDTONOZBELTWLLEES

X he
Y R/N@
R R
7
N N
[ I
NO NO
= =V = BNN3:R=Me

Fn‘ = :,n: ’ ))(( ='¥ ;g N,N-Dimethy!)-N,N'dinitroso-p-phenylenediamine
R=2-P ridyl, X=Y=H BNN 5 Na:R=CH,CO;Na
(AR, %é& AhTuviL N,N'Blis-(carboxymethyl)-N,N'dinltroso-p-phenylenediamine

- BNN 5 Methyl ester : R = CH,CO,H
Cuperron: R=0ONH,*, X=Y=H N,N'Bis(carboxymethyl)-N,N“dinitroso-p-phenylenediamine
(RAERZ) (IR

Aromatic Nitrosamine

X
&
R,
T/H\Y/
NO R,

Ri=Ra=Et,X=H,Y=Me
R,=R; =Et,X=Me,Y=H
Ry=R; =Benzyl,X=H,Y=Me
Ry=R, =Benzyl, X=Me,Y=H
Ry=Me,R;=H,X=H,Y=Me
(AIRRE, hERS h L L)

Aromatic Nitrosourea

Fig. 8

(

BNN (Caged NO Compound)

CH,OH
H O_H
H
HO OH
H HNCOE\JMe
NO

STZ : Streptozotocin :2-Deoxy-2-
3-m2€1&|~3-nitrosoureido)-o-gIucopyranose
£)

Aliphatic Nitrosourea

N-Nitroso Compounds
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RT3, EELEIRRTOINSO{LEY
FNOEFETHI L EZHLMILAY,

N-=bOV7 I VEHITRAMIIEETH 5 7:0BE DNO
FF—bHRNORBEHELIZ W, EEsIHIZCoNnY
FIALTEEDONO FF—DNOREHE (NOFERE) O
HI0OTDO 1 BEONORERLFFON-Z IRV T I VHD
RR%ToT&, Nt-7F N3, N-AFNVEBIUN-7
oV EFbONZ oY 7= Y4 (RN(NOYPh, R=Bu,
M, Ph) O NOFELHEL TS &, EHIRME -Bu<Me<Ph DJIF
CNORARIIMAT A, ZHIEINNOD » EFFHER
(Ph) DRl #{BELRTWHEZS 2 5EREIZENNO
BEWRTVINEBREELRTVWILERLTWS, 2
T7x= VLD OBTRIIGETHALEY INVELHEA
L= tuavik (PyNINO)Ph) #* ZHEAH L7z (Figs).
NOZ 4 f2I3 PANNO)Ph & B & 10-10045iciE E L7724, =
DETFREICERD AL, L (X3.8.1).

NOMMER S L AR T A I ENFERETH L L
BHshTwad, EELOERTHLEBOBREZETY
5. Thbb, BELAEERRTH S L-5178Y RO
FHREHREN-ZIOVYT7 IV, -2 buvT7IF, N-=
FovREEHOTHZERE, £LobE&PONOF
gt L MR EER & A EREEZRT. LHL, NO
REREIRICE VLAY TIINO R A fk & FHE/EH A ER
BRI ol $#oT, EWICHTIEHEHERE L &,
HBHESPHFEEIHHNO FH—, SHTERINS ),
BFICHBORBEEL D LNO N F—D 6 DONORERE
HREVE, EBERFELIFMENRLZVIEAYDHD,
BRI EE 2 777 ¥ — 22 5%, ZOET
BRI LIERICNOZ BB N-= P YT I V8
bRRMEA S 5.

, @_N _@ MeCN @T_@
LY ol
. N

3.8.2 BNNJE (Caged NO{EEH)

N-= O Vi %A T 5 CagedNO{L A4, BNN (BNN
3, BNN 5 Na, BNA 5 Methylester % &) 45 3R s S e,
IhHDLAIINRERIFLABOANOEZREELET S (R
3.8.2). LEHEZFHETHNO FH—0Efiz, BELTY
AEOHZANOYVRETHEDTNODRERLESEEEZ 2 b
O— L LRTWETHS. FFIZ, neurobiology D7TEH Tl
BFRBOBMELEWERHVTIY £ > FTNOZEHE
RS, Lid, TOREEIHHTELIEPERS
N5HY, BNNFIZZDmTiEH &5, BNN 5 Naldkiz
#HTHs, 72, JgEYED BNN 3% BNN 5 Methylester i&
MM BELL, BEIHMBENTIAT 7 —ETHKS

+ 2NO (3.8.1)

RENKIBEDBNNS %D,

R NO R. NO R
\N/ . N
hv !
- — + 2NO (3.8.2)
|
N N N
VA
R” 'NO & No “a

3.8.3 u~@>

DVERIE, G PLEBA T VY OFHREL LTHSH
Twb 7R (cupferron, N-=bOV7x bk Fo*
YNTIVTVEZTA, GSTT4y alE) &
NOZH T AHELHETAL I LHFME SN, s 0
VN POV T I G FOXR T I EELDD
ERoEMTH D, FEEN-=PO VT I VEELTR
LR VKEEILEYTHS, BlRiEON-= OV 7
T2 FaF VAT IVTVESY LARDEIAOHR S
NTwa, —fB%8EE 722 Fox 73y
HIER E EMEET P Y A2 CTRIEBEE, »i#ifk,
I—FVHWEIZT V272 MR 50, G, 7=
LRFOXS7 I vBEETEMETINVE TV EST TR
T2, AN Tzl FUFI N7 I HOAKE
ENOREMBLEOLLTRROL I IT2S (X3.83.1; K
3.8.3.2) 46),

¥ 0, e ¥ won —oNG Y-—O—N—ONH.‘CI’ (383.1)
NHCI NH, (gan) tm0

Y « OMe, Me, H, F, Ci, CF;, SO,0Me R = Et, +Bu, /s0-Amyl

~1e
Q_'IHT NHY — N-O | @—N:o + NO (3832)
NO enzymatic

!
NO

3.8.4 N-Z FOVRFEFEE
—HREFBEN-Z TRV T I F, REHIARNIIARE
THYH, NOFF—LLTEDDBTNV—NITVETL%E
ERTALAE LTS TE., LaL, EFbE
VERBIUMI)EBRON-= PO VREFEFOSHRIE
REMICRELT, SRTTTV-LVITYVUARER
THEIDINORRIBT A RIGHELETAILEWERBL
7z (303.84.1). BIRMEREEHLZTH, N-NOK >
FIZS VBB LNO 2T S, X612, BREON
BEOMHELBIRT I LIZEN TV LENOR AR
TOHRIGAEBTE S, X612, HRFHALTICEERK
BTBENOTEL, COzlTAIENTESL (K
3.84.2) ),

EEHEN-= PO VREONOREREIHEFEN-= F O
VT I VEICEN, 1005 1005 EbkEV,
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3.9.1 zAax¥.mEm
Tt sol -free . .
b Ef*:'igr"{:}mwﬂ+cmaun O SY MR ERL, = OV S — L

R=Et, CHPh, Y = H, Me

o
if R

Y N—C—N{
| R

NO

organic solvent
—— = NO + Products

37°c

(3.8.4.2)

R = Et, CH,Ph, Y = H, Me ; organic solvent = DMSO, EtOH, CHCI,

3.8.5 MBHEEN-= bOVILEY

BSBEEN-= bO VT IV, N2 bU VT I KB EURE
BN-= PO VREFZRTNOERET S L) HEIIH
EDEZAZV, EFLOEBTOINORERREDOLNT
Wiw4 o LaL, BT S L NOEZRET SHEERIEN-
PO VRESEELE LTNAFIVN-= OV RERE
RPREONEME, AV T MY MY (STZ) HNO FF
— L LTHESNTWS, STZIEDNAIZX L2 T
NEMALRIE LTHERAT 225, —F) VEERERD TE%
AT 5 L NOZHRET 5 L MFE S T3,

3.9 N-FXFRR

N-F %L FIEEICPHTCEALNONF—ELT, 70F
UL 12- V7 EF VY INAF L FE (DD) 2ih 5.

4-Phenyl-3-furoxancarbonitrile
(AREX)

Furoxan

R -
(o]
+
N/
I,
No-
Me

DD 1: R = H : 4-Methyl-3,4-tetramethylene-
1,2-diazetidine di-N-oxide

DD 4 : R = Br : 3-Bromo-4-methyl-3,4-tetramethylene-
1,2-dlazetidine di-N-oxide

(ARRE, BRI TVaw)

HIZE Y NORH T2 (X39.1) 9, 4, F4—VE
LTONOZHETA 70Xy VAL ERINTVAS,

R R

7T W\ +
N_ N,
0" '0-
R—=SH ———— > R'-SNO —3- R'--S§ + NO (3.9.1)

3.9.2 12-VTF7HEFI12-FF Y NE

12-V7E¥F T v12-YF % ¥ FH (DD, DD2, DD4,
DD5) it, a-B FOF AT IVELIFI2-¥VRL FO X
YNVT I/ ENOBr CHEILT B &30 5 (33.9.2). %
TRETHV T A Y E2FFONONTRL, FHFIZLD
BHEENZEIET 25, oA BRI/
PR E IR E P 2 AR 350,

?1 A

I #/0
RI—C-—NH—OH NeOBr  R2—C—N N
B

—_— R R
— R’/C_C<R‘ + 2NO (392

R*—C—NH—OH —
R—¢ f~o

R |:|.‘
R'=BrorH,R*=E, R®=R'= Me
R'=BrorH, R = R®= R* = Me
A'=H A= R = A= Me
R'=BrorH, R? = Ph,R*xR' = Me

(o (o}
1
R'< N+
N -
4&[\ 0
o) T N
R
a:R=R'=Me b:R=Me,R'=H
c:R=H,R'=Me d:R=R'=H
(R, MR & h Ty
R -
R'Q +.0
l
Me7_ Nome
Me o

DD 2: R =H, R'= Ph : 3,3-Dimethyl-4-phenyl-
1,2-diazetidine di-N-oxide

DD 5: R = Br, R' = Me : 3-Bromo-3,4,4-trimethyll-
1,2-dlazetidine di-N-oxide

(ARRE, TREREATLE LY

3,4-Dihydro-1,2-diazete 1,2-dioxide

Fig.9 N-Oxide Derivatives
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3.10 J7=YU> % (RNHC (=NH) NH3)

L-7 NV F= 3 ERICOETEL, NOSKRIZL hkizE
AN FOF -7 AF= Y (NOHA) MU & %UT,
EH1T, LY MV IAERENDBRTNONERT S
(3%3.10.1) 525, NODEFHBREEL LTHETHS. 1
FaEnTwsh.

NOHADRE I W NOE I LA-Z kb, RO ¥
PIT =Y EEROEGY (T3 PR a{bEY) MiE
HER7:5), NOHAIEEREIESY L LT, s Foxd
TP oY dHERIES L LTHREA TS, KIZR L
W5, 7IFF LA, =PIV FREFIT I
FiZe FOF 07 I V2 {ERSETERT S, Thoo
ILAWITERBIZNO 25 8E L 2 V4%, NOHA HNOS D
B CELBICNO R LB § 5 L RIL & 9 12, EbHlATHt
FIHENOEIT, $ELX, Y7/ VI TECEM
SEIZLTY 7/ MY TESTIFE Y LFEETEK
L7z (Fig.11: Grouplll, 3X3.10.2) 57, ZTh & E#Ek, —
EFEILAIZEL ) NOHADHIEONOE AL (K
3.1023), £y FOKBIRFEHEMBETLII L2
FL75®, Thb DAY AP T NOS % P-450 % Tl
LB ZZITTNO R T 5 Z LI TE 5.

_NH  NADPH,0, NOH NADPH,0, p

R-NH—]  ——— p-N—¢C —— = pnu—c?  + NO @a0q)
NH,  NOS NH,  NOS NH,

L-Arginine NOHA L-Citrulline

R = C{CH,),CHCH(NH,)CO,H

EtOH-H,0
/4 2
X(;\>—N3 + KCN X:l:\>—N=N—¥-CN

73
ety NH,OH-HCI l MeOH
X=N>0
NOH
TN I
X N=N—=N-C-NH,  (3.102)

NO o

Nitroso-6a: X =Na, Y=Ph
Nitroso-10: X = H, Y = N(Ph),
Nitroso-11: X =H, Y = SO3K
FARRE, RSN TWEW)

N-NO-DNAAP : X=NO,, Y = OH
N-Nitroso-3,5-dinitro-acetaminophen
NAPT:X=H,Y=Me
N-Nitroso-aceto-p-toluidide

Pb(AcO),
MeCN

O
/A 1l
X N=N-H-C-NH2 NO + Products (3.10.2.2)

3.11 20t

W& EONO FF—L LT, -2 bave FII 8
(Nitroso-6a, -10, -11) 6 N.Z= } OV 7 3 FH (N-NO-
DNAAP, NAPT, H-NO-2-FAA) ¢V, ZE B % & h /-
NONOate ik # o ¥Ry Vv V7= adF L — |
(R-N(CH2)2(CH2)2N-N(NO)=N-ONa, N(CH2),(CH2);N= ¥~ 1)
VUVB R=EINVKEUVBEIRATFN, FER) 2 ENH 5
(Fig.11) 6,

4, 28
HEAMGNTWANO FF— 2 NOREICHE T 5 ERE
FIETVWTHEL, o DfLEHEE R NO LR
BIUTROFERREZLIZOVWTT LD, RWNO
FFr—nfftE LTIE, () FEPESHTHD L, (b)
BETHMEORVESRTH L Z L, () EHRBEHTHE
L, B4 sETNOREEMICRLTA L, () Bl&E
B FEE BN EBFEITLEND, BRETIREL DNO
FF—p 2t s hTna s, FhEEENRELRD, KB
HRREMRSEOWE IR LS., EROBMIZIE L THEAT
ZNOFF—%BERIEIEINOIZLBEYERELIVIEL
CFHET 2 2 LB TAOTHEETH S,

5. BHH)IiC
Ih I THBZER, ARICFEHTERL, HEPONO
Fr—gba (Fig11) =RRLZ.

FV—TREE2056hb, ZETHRSHIZLD NO
T A BHEFERN-= PO VLA oWTIE SV —
THIRLUIALETREL BRI EERL, KEHEE
BB ALN-= PO VYRERLEY DNEZFREON-

N-NO-2-FAA :
N-Nitroso-2-fluorenylacetamide
(RESE, HlRIh Tuhwy)

(FITEEEE, B h T VALY

N-Nitrosohydrazine

Nitrosamide

Fig. 10 Other N-Nitroso Compounds
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ZhaVTIVHEOEER T, EHIZEINV—T11
WRLAEDIIZA——F X F (0) ENOERET S
PELICINOEHEMSIEL, <NVt F S EHREA A >
(ONOO") 52 B{LEWMHAEHL TVAH. ONOO 37 K

P =R DEETHEDNBRATHHH, ZORKEENE
Hr5 25t LTI P24 I vEDSICEALRT
Wiz,

—7%, NOHAWXEAEHNTNOSIZL D L-7 V¥ HL-¥
PV INEEIEES D E EICERTHHHELEW TH AT
(3X3.10.1), ZOLEWIINOS D _EMBESICX Y NO%
BEEL, - Py A fRE@e s, Tho—EoREHETE
BICHETWTEZ SN DANOHA DEHEEEFHD MY
TE/T7IFXVAFEETHY, NOSOR DD IZH L%
HLAIC X DML TNOERET D (FVv—71). =
NOIEBEBEFICL DV iERIEEANO R EET S, wWhY

Group |

Y Q
Ot
NO

N-Nitrosamide, N-Nitrosourea
Y =Me, H, Cl

X = Me, NHR, NR'R?, —ND—cozu —N;j
’

R = Me, Et, Bn, Ph
HO,C

Group 1l

3o
=x |

NO

N-Nitrosamine

X=CH,N
R = CO,Me, COH, CN

AFMERILEHo LA TH B, EE L IIRBHEMEL
EFNMLEWEIFATVES, E612, BEHOBESIZ=
OEPSDONODEREZHOMZL, RBHTTCNOELE
BETAEERS POtEMERBLTWSS, 0Lk
{LEOER I BNNE O T b X7 & ) I B0
BIINORRETHDTNODERKILEHEHHTES
Blihb, 5%, ZO¥LTOEHOMEORENEE
na., ¥/, NOFF—H»oRBETINOLERT HHE
BEICRA NG o P EELOCREZICELOHE LT HIT

726465

X "

1) KHIEE : NO OEEHNTOS T ST 2%, 1L,
LR, 54, 46-50 (1999)

2) FIETF, 3 EIEERE, NO OUHENRE-E O L JHEE:

Ay

NO

N-Nitrosamine
Y = Me, H, Cl
R = Me, Ph, 2-Pyridyl, 4-Pyridy!

Group lll

N—OH
R—cZ
NH,

Hydroxyguanidine

R = 2-Pyridyl, 4-Pyridyl, NMe,, NPhMe,

C H
- MeCO—OnzN-N—
MeO-ND:N-N:N— Me-ND:N-N:N—

Fig. 11 NO Donors Prepared in Our Laboratory
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Studies on Poisonings and Incidents caused by Chemicals in Japan

Miyako Yamamoto” and Tsuguchika Kaminuma

The criminal cases of poisonings caused by poisonous, deleterious or other hazardous chemicals in Japan
were studied. The data (111 cases) were collected mainly from the newspaper database (Aug. 1984-Feb. 1999).
More than half cases were caused by chemicals which are regulated by the “Poisonous and Deleterious
Substance Control Law”. Copy-cat poisonings occurred in succession in 1984-1985 and 1998. Many cases
occurred at the laboratories of institutes and universities, and hospitals where there are various kinds of chemical
reagents. The cases of chemical incidents such as those which occurred while transportation were also discussed.

Keywords: poisoning, chemical incident, poisonous substance, deleterious substance
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Teratogenicity study of 2,2,3,3,3-pentafluoro-1-propanol (5FP) in rats by oral administration

Makoto Usami*, Kazue Sakemi, Hideo Kurebayashi, Yasuo Ohno

Teratogenicity of 2,2,3,3,3-pentafluoro-1-propano! (5FP), an alternative cleaning agent for chlorofluorocar-
bon, was examined in rats. SFP was diluted with sesame oil and given to pregnant rats (Crj: Wistar) by gavage
once a day from day 7 to 17 of pregnancy at doses of 0, 250, 500 and 1000 mg/kg/day. The pregnant rats were
sacrificed on day 20 of pregnancy and their fetuses were examined for malformation. In the pregnant rats, SFP
caused wheezing, salivation, ptosis, reduced body weight gain and reduced food consumption at 500 and 1000 -
mg/kg/day. In the fetuses, SFP reduced body weight, increased the incidences of skeletal variations and retarded
the ossification at 1000 mg/kg/day, but did not increase the incidences of malformations. It was concluded from
these results that SFP has no teratogenicity in rats when given by gavage. The no-observed-adverse-effect level
was 500 mg/kg/day for rat fetuses, and 250 mg/kg/day for pregnant rats. '

Keywords: 2,2,3,3,3-pentafluoro-1-propanol, cleaning agent, Wistar rat, teratogenicity
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#To whom correspondence should be addressed:

Makoto Usami; Kamiyoga 1-18-1, Setagaya, Tokyo 158-8501,
Japan; Tel: 03-3700-1141 ext. 342; Fax: 03-3707-6950; E-mail:
usami@nihs.go.jp

5FP  CAS B 5% 513 422-059 T, 5+ F#I31500TH 5.
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B %, WBIIowTIREMENEY 2RV,
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HRE E 72— B2 EROMfr & L7z, HEE L SFP
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Bartlett D¥HAREI & ) BRI CHRICES LW L 2
Rk, ESH E 21X Kuskal-Wallis DR EB & O
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— ¥ BXUFHET— 7122w T, Kruskal-Wallis DIR%E
B & U Dunnett % v 7z,
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WTNOBIZLIFECEWIIRD Ll h o/, WD
L U250 mg BECII—RIRBORILIZBD Sl b o 7255,
500 3 & T 1000 mg B TIHIZSHBPITHE, MEL LT
BRER T EATEIZZ S iz (Table 1). Zh & DFEKIE, 500
mg FETid 12 FlICHESE 11 B2 17 B E T, 1000 mg HC
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T35 10 FE2SRBL, 4BHIGRISITHET 2 —A%
DETH-o 7.

1.2, fkE S & RN

BEICE, L SFPRSGHEDMICAEZRIZDL
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BEEIE, R 9 H1IZ 500 35 X UF 1000 mg BicBW T
BEICHRTHEERRIPRD b7 (Table2).
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(Table 3). Hfk¥L, ATREL, FRE, EFRIEH, M
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=72 (Tabled).
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ZALIIED Sk h o 7205, 1000 mg BT EHRLEREH
FTHBBORREESHRICHML. EMEETRIE
DRERPHFEIM L7225, BRMEZETIHRBOR
ERIZBEFELRECE o7z, 72, WEBHEEB L UH
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Table 1. Clinical signs of pregnant rats treated with SFP

Dose (mg/kg/day)
0 (control) 250 500 1000
No. of rats 20 20 20 20
No. of dead rats 0 0 0 0
No. of rats with toxic signs? 0 0 16 (80%)** 20 (100%)**
Salivation 0 0 12 (60%)** 20 (100%)**
Ptosis 0 0 10 (50%)** 18 (90%)**
Wheezing 0 0 8 (40%)** 18 (90%)**

a, Incidence is shown in the parentheses. **, Significantly different from the control group (p<0.01).
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Table 2. Body weight, body weight gain and food consumption of pregnant rats treated with SFP

Dose (mg/kg/day)-
0 (control) 250 500 1000
Body Weight ()2
Day 0 2689 +12.3 2688+13.0 2668+149 2689 +14.2
Day 7 306.3+152 3070+169 306.1+16.2 306.0+17.5
Day 12 331.1£18.7 3294+182 3264+188 3270x19.1
Day 17 381.5+23.8 380.5%20.6 3750229 376.2+21.8
Day 20 4334 £27.9 4312 +23.0 4283 +27.2 4254 +23.8
Body weight gain during dosing period (g)?
Days 7-9 82+3.7 59+£238 1.0 £ 4.4** 0.7 £4.4**
Days 7-11 19.7 £ 6.1 177+ 4.4 13.6 £4.9** 144 +7.1%*
Days 7-13 314 7.9 29.6 +4.9 26.6 £5.5 266 +£7.8
Days 7-15 453 £9.4 44.1+9.8 41673 444 +£7.6
Days 7-17 752 +11.9 73.6 +8.6 69.0+9.2 702 +9.2
Food consumption (g/day)?
Days 0-1 20.5+2.1 206 +2.9 207 +3.2 19.8 +2.9
Days 6-7 247+2.8 24729 25.0+2.6 255 +2.7
Days 8-9 21.7+3.2 21426 183 £2.7**  17.0 £2.9*%*
Days 11-12 216+3.8 24.1 £13.5 21.0+3.0 198 +3.4
Days 16-17 245+35 26.0+9.5 233+34 243 +3.7
Days 19-20 245 +3.7 243 +4.2 264 +2.9 28.1 £2.7
a, Mean + S.D. is shown. **, Significantly different from the control group (p<0.01).
Table 3. Fetal growth in pregnant rats treated with SFP
Dose (mg/kg/day)
0 (control) 250 500 1000
No. of litters 20 20 20 20
No. of corpora lutea® 175x£1.2 17.1 £1.9 175 1.6 176x1.9
No. of implants.? 16.2+1.6 164 +2.0 160 £2.6 166 1.9
Implantation rate (%)? 92.7+8.4 96.0 £ 6.3 91.8 £ 14.5 942+5.4
No. of live fetuses® 155+1.9 156 2.1 148 +2.6 157 +£2.0
Sex ratio (male/female) - 1.13 1.06 1.09 1.00
Fetal weight (g)2
Male 3.88 £0.18 3.83+0.21 3.82+022 3.40 £ 0.25**
Female 3.70 £ 0.16 3.64 £0.22 3.67 £0.18 322 £0.23**
No. of dead implants 14 16 23 17
Early death 13 16 23 16
Late death 1 0 0 1
Mortality (%)? 45+4.5 49+5.2 70x7.5 5.1£5.5

a, Mean * S.D. is shown. **, Significantly different from the control group (p<0.01).
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R, O BILHES LU 500 mg BBV TIRAEELR
BODVBOONLNWI DL, HEYHERSILLAHLOT
BeWEBREHLEREEZ OIS,

24. BIRARSRE

AEEEE, IEOBRICOCHERBL UG ERE O
EAEEH b, £72, WTROFIIBWTY 2 ~ 8 kD
RIS ED Sz, BB E SFPIRSERICIEE

HERITHBEZIZO O N0 o7 (Table6).

£ £

AREBOEE»S, SFPIZIZT v MBI AEORST
BEFTEEEDOhEWEEZ SRS, SFPIZITEIRENY
CARE R I, BEERL, WS, WESIUHRETE
HORUHETRITHRIRICBNTYH, BREOTERE

Table 4. External malformations in the fetuses from pregnant rats treated with SFP

Dose (mg/kg/day)
0 (control) 250 500 1000
No. of litters 20 20 20 20
No. of fetuses examined 309 312 296 314
No. of litters with malformed fetus® 0 (0.00%) 2 (10.0%) 1 (5.00%) 2(10.0%)
No. of fetuses with rnalformationb 0 (0.00%) 2 (0.61%) 2 (0.72%) 2(0.65%)
Omphalocele 0(0.00%) 2 (0.61%) 0 (0.00%) 1(0.33%)
Anal atresia 0 (0.00%) 1(0.32%) 1(0.36%) 0(0.00%)
Anury 0(0.00%) 1(0.32%) 0 (0.00%) 1(0.33%)
Kinky tail 0(0.00%) 0 (0.00%) 0(0.00%) 1(0.32%)
Vestigeal tail 0(0.00%) 0 (0.00%) 2 (0.72%) 0(0.00%)
a, Incidence is shown in the parentheses. b, Total number and mean incidence are shown.
Table 5. Skeletal variations in the fetuses from pregnant rats treated with SFP
Dose (mg/kg/day)
0 (control) 250 500 1000

No. of litters 20 20 20 20

No. of fetuses examined 208 208 194 203

No. of fetuses with malformation? 0(0.00%) 0(0.00%) 0(0.00%) 0(0.00%)

No. of fetuses with variation® 32(15.4%) 37 (17.8%) 30(15.1%) 88 (43.3%)**
Hypoplastic supraoccipital 9 (4.81%) 6 (2.68%) 11 (6.02%) 23(11.5%)
Cervical rib 1(0.46%) 0(0.00%) 1(0.42%) 2 (1.06%)
Wavy rib 7 (3.74%) 1(0.50%) 7(3.79%) 18 (9.28%)
Deformed cervical vertebral arch 4(2.34%) 1 (0.46%) 5(2.63%) 4(2.01%)
Deformed stemebrae 2(1.17%) 5(2.34%) 2(0.92%) 6 (2.96%)
Deformed thoracic vertebral body 2(1.01%) 2 (1.00%) 1 (0.56%) 7 (3.42%)
Lumbar rib 17 (7.81%) 22 (10.9%) 15 (7.62%) 54 (26.4%)**

Extra rib 2 (0.96%) 2(0.92%) 0(0.00%) 7 (3.51%)
Rudimentary rib 17 (7.35%) 21 (10.4%) 15 (7.62%) 52 (25.3%)**

No. of sacro-caudal vertebrae? 7.84 +£0.38 7.75 £0.36 7.60 +0.48 7.13 £ 0.57**

No. of mctacarpusb 7.22 £0.62 6.73+£0.51* 6.79+0.73 6.38 + 0.64*~

No. of metatarsus? 7.99 +0.04 7.99 £0.04 7.98 £0.06 7.94 £0.20

a, Total number and mean incidence are shown. b, Mean = S.D. is shown. *, Significantly different from the
control group (p<0.05). **, Significantly different from the control group (p<0.01).
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RESEehorz. T2, BRBEREICBNT, E
MO REROBEMARO SRS, BEBEOHREEL Y X a
IBEEZLNTVHBRHMTY ORAEFRICIIELDER 1) {£%F - #KOC - HE - B - Bk ()  FHLERH
LRZVOT, LIEHEICBVWTHHERGEREERI 11 70 Y OB L3RBT, FREREY 5 —,
myarIlizhvweEIohs, H (1991)

ARBEHET COSFPOMIET » M T2EAERE  2) Dawson, A. B.: Stain Technol., 1,123 (1926)
f13 250 mg/kg/iday Ch B EEZ LMD, Thid, 5008 % 3) Wilson, J. G.: in Teratology principles and techniques (eds.

{un

U° 1000 mg BT BB Ic—BAREBOLE(L, HEBmin) Wilson, J. G. and Warkany, J.) pp. 262, The University of
BIUBHERIFOFNREIFRD NN, 250 mgh Chicago Press, Chicago (1965)

TUEHMBELEB L THELREEPED LNV DLTH 4) WERE—  BRER, 14,23 (1974)

%. 5) RH%EHE, WHLH D ERRE, 13,25 (1973)

Iy BB T A EAERZERIL 500 mgkg/day Tdh
BEEZOLNL. T, 1000 mg BETIHBIRICHAERD,
ERERBEROEMNE L MLE BELOHFEREI D
HA7zAHS, 250 B & UF 500 mg RETIIHFHERE & L8 L THER
WHES L AFELEMPROONEVDNLTHS.

Tabl 6. Visceral malformations in the fetuses from pregnant rats treated with SFP

Dose (mg/kg/day)
0 (control) 250 500 1000
No. of litters 20 20 20 20
No. of fetuses examined 101 104 102 111
No. of litters with malformed fetus 2 (10.0%) 4 (20.0%) 3 (15.0%) 6 (30.0%)
No. of fetuses with malformation® 2 (2.00%) 5(4.84%) 3 (3.50%) 8 (7.17%)
Thymic remnant in neck 1(1.00%) 3(2.84%) 3 (3.50%) 5 (4.34%)
Abnormal heart and great vessels 1 (1.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Abnormal lung lobulation 1 (1.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Dilatated renal pelvis 0 (0.00%) 1 (1.00%) 1(1.00%) 2 (1.84%)
Left-sided umbilical artery 0 (0.00%) 1(1.00%) 0 (0.00%) 0 (0.00%)

a, Total number and mean incidence are shown.
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Teratogenicity study of morpholine salts of fatty acids (oleic acid, 50% water solution)
in rats by oral administration

Kazue Sakemi®, Makoto Usami, Hideo Kurebayashi and Yasuo Ohno

Teratogenicity of morpholine salts of fatty acids was examined in Wistar rats (Crj : Wistar). Morpholine
salts of fatty acids (oleic acid, 50% water solution) was given to pregnant rats by gavage once a day from day 6
through day 15 of pregnancy at doses of 0, 234, 468 and 936 mg/kg/day. The pregnant rats were sacrificed on ‘
day 20 of pregnancy and their fetuses were examined for malformation. Morpholine salts of fatty acids caused
nasal discharge, dirty nose and salivation in pregnant rats at doses from 234 mg/kg/day. However, fetal effects,
such as malformation and growth retardation, were not observed even at 936 mg/kg. It was concluded that mor-
pholine salts of fatty acids has no teratogenicity in rats when given by oral administration. The no-observed-
adverse-effect level was 936 mg/kg/day for rat fetuses and less than 234 mg/kg/day for pregnant rats. '

Keywords: morpholine salts of fatty acids, food additive, Wistar rat, teratogenicity, developmental toxicity
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BES) BLUHE (11EE) 2RV, REEOMTHE#
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BoOTREMI BN 21 IR E L7z,
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FEOFE Lz, Nk VEBRIER SIS, RlTd
b 50%KEME €0 T TG Lic, REWEIL, 234, 468
B & U 936 mg/kg/day DEHXGHIIOVWT, FREFR 05,1
BLU2mlkg THAH, IEIHITITEEK 2 mikg % RIS
ZOkE L.

4. BEHE
HREIMOMKEDS L HHERETRO0,1,3,6,9,12,15,17
BLU2 BIZEE L., $7, —fREZEQBIZEL.
iR 20 BIZHHREM A E& L, 4%k, HEREBLY
BE - BBIBET 2R, EFRBRBIIoWTE, HERORE
BLUOHENEHAN, hELNE L. SHEEMOH 2 75
C D1 DEFERRIZIZDOWT Alizarin red S B BEIER 2 ERK
LEBREEELLY. BB 2501 OEFREIZOWT
BHEHEZBE LS. ANSEEOBEICE, HEBLU
BIRIZ oW TR ED %, WEICow TIZSEME
HEW 2w,

5. #ETFOVAE

HIEEW I -3~ EROME L, MBEEEL
R VEBRER SR L OEOHEROREILE, ERT
— #1ZDW Tt Fisher DEEHLEL V. FIET—%
IZ2oWTid, Bartlett DZEFEHREIC X ) BEFCHRICESD
LW EEFEANLE, SEGTE & U Scheffé % fiva7z.
BT ENTDONER T -y BE U T — 4
122V Tid, Kruskal-Wallis @ H ¥E$H & U Scheffé %
(RVAS

w &®

1. HIREMICRIZITEE

1.1, —AZIKEE

ENFY CIRBRERSHFICBVWTRS 1 HE (k6
H) »5i%5 1 BifE#ES X U3 REZOBZRIC, Bt

JTRHICE s LB DI RBAHOHENIRO LN, &
70, &5 788 (12 B) #51, WEFENVFY ¥
FERFERIE RSB IcBWTEDL LN, Th o DERIZAR
bBHFTICEELL., BUBPEEDLIOR Lo
(Table 1).

12. HEB L UEER
HEIZIE, HEBEEREELVRY VIRPIBERSEE ORIz
HFEZEZED O L N7 (Figl).
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Fig 1. Body weight of pregnant rats treated with morpholine
salts of fatty acids

BERIE, M SO IZETEERIED
5TV 7z 936 mg/kg/day HGEEICBWT, x5 4 H (&
9 H) BXU7H (§Hk 12 H) ZENRY CPalhEE
BHILLDEEXONLEE LRI PRD LN (Fig2).

2. BIRICRIZTE

2.1, AFFIRRE, i, BIEBKES LU - JFEET
WM, BRE, HRE, EFRELE Mk, BREGR
BIUKE - IBIBFECTEICE, xTEBBL LR VIBHEE
HREREOMIC, AEZRTOOLNED» o7 (Table2).

‘Table 1. Clinical signs in pregnant rats treated with morpholine salts of fatty acids

Dose (mg/kg/day)
0 (control) 234 468 936
No. of pregnant rats 21 21 21 21
No. of dead pregnant rats 0 0 0 0
No. of pregnant rats with toxic signs 0 (0.0%) 7 (33.3%)** 20 (95.2%)** 21 (100%)**
Nasal discharge or dirty nose 0 (0.0%) 5(23.8%)* 13 (61.9%)** 15 (71.4%)**
Salivation 0(0.0%) 2 (9.5%) 18 (85.7%)** 20 (95.2%)**

*, **: Significantly different from the control group at p<0.05 and p<0.01, respectively.



line salts of fatty acids

*, **: Significantly different from the control group at p<0.05

and p<0.01, respectively.

52 B v i B # #1185 (2000
BT == 0 mg/kg/day(control) 22 JaIRALE
— e 234mg/ka/day 234 mg/kg/day GRS BWTHEAD 1B, AREB LT
§ 301 —a— o8 mongriay ; £ 1677 151, 936 mg/kg/day 35BS BYTHAN 1 HIBIEE
? —a— 936 myrkg/day t ENt, MERL TN CEIEER G E OMICE
g 54 EFIRHEEERBOONE D o7 (Table 3).
iz 20 * 23 IEREE
B bosing perod BRABROTLOBIIBW LD SNL Do
(Table 4). BHEEROBEFIE, HBELEVRY VR
T T L L e T r i mn e nrn e WEMERSE ORISR b Ao . BE
Pregnancy days FUEBRME EETABRORERIIBWTLHRELREL
Fig 2. Food consumption of pregnant rats treated with morpho- dhdor. E71:, BILOEFEORIZE LTH~ZMWR

R, MFREEBITHRFOFBEICO AR LR ZLIXEE
Dol

Table 2. Fetal growth in pregnant rats treated with morpholine salts of fatty acids -

Dose (mg/ke/dav)
0 (control) 234 468 936

No. of litters 21 21 21 21
No. of corpora lutea* 17612 17419 17.6 £ 2.6 16.7+1.6
No. of implants* 169+ 1.9 162+2.1 162+1.8 158 +2.1
Implantation rate (%) 96.0£9.1 93.3+7.7 93.1£10.6 943482
No. of live fetuses* 157+25 150+24 149+2.1 148+24
Sex ratio (male/female) 145 1.29 1.28 1.29
Fetal weight (g)*

Male 4.04+0.20 4.11+0.16 4.06+023 4.01+0.21

Female 3.79+£0.23 392+0.15 3.84 £0.19 3.80 £ 0.20
No. of dead implants 24 27 28 21

Early death 24 26 28 21

Late death 0 1 0 0

Mortality (%)* 72+84 79+87 7.8+12.1 64+8.0

a: Mean + S.D. is shown.

Table 3. Gross malformations in the fetuses from pregnant rats treated with morpholine

salts of fatty acids
Dose (mg/kg/day)
0 (control) 234 468 936
No. of litters 21 21 21 21
No. of litters with malformed fetus 0 (0.00%) 2 (9.52%) 0 (0.00%) 1(4.76%)
No. of examined fetuses 330 314 312 310
No. of fetus with malformation* 0 (0.00%) 2 (0.62%) 0 (0.00%) 1(0.34%)
Polydactyly 0 (0.00%) 1(0.30%) 0 (0.00%) 0 (0.00%)
Club foot 0 (0.00%) 1(0.30%) 0 (0.00%) 0 (0.00%)
Dwarf 0 (0.00%) 1(0.32%) 0 (0.00%) 1 (0.34%)

a:Mean £ S.D. is shown.
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Table 4. Skeletal variations in the fetuses from pregnant rats treated with morpholine salts of fatty acids

Dose (mg/kg/day)
0 (control) 234 438 936

No. of litters 21 21 21 21

No. of fetuses examined 1 162 163 160

No. of fetuses with malformations* 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

No. of fetuses with variations* 62 (36.4%) 76 (47.4%) 75 (46.5%) 63 (40.7%)
Hypoplastic supraoccipital 26 (15.5%) 21 (13.3%) 20 (12.3%) 18 (12.1%)
Cervical rib 0 (0.00%) 0 (0.00%) 0 (0.00%) 3 (2.43%)
Fused cervical vertebral arch 0 (0.00%) 1 (0.53%) 0 (0.00%) 0 (0.00%)
Deformed cervical vertebral arch 16 (8.83%) 7(4.75%) 9 (5.42%) 9 (5.56%)
Deformed sternebrae 8 (4.12%) 8 (4.78%) 5(2.93%) 8 (4.99%)
Deformed thoracic vertebral body 14 (7.96%) 31 (20.1%) 25 (17.0%) 13 (8.84%)
Wavy rib 4 (2.40%) 6 (4.30%) 14 (8.73%) 10 (6.29%)
Lumbar rib 19 (11.4%) 25 (14.7%) 32 (19.0%) 20 (12.9%)

Extra 0 (0.00%) 2 (1.12%) 4 (2.40%) 0 (0.00%)
Rudimentary 19 (11.4%) 23 (13.6%) 30 (17.9%) 20 (12.9%)

Others 1(0.60%) 1(0.95%) 2 (1.19%) 1(0.43%)
No. of sacro-caudal vertebrae® 8.32+0.51 8.41 +0.46 8.50+£0.56 8.50+£0.31
No. of metacarpus® 7.75+0.30 7.84%0.18 7.86 £0.30 7.90£0.23
No. of metatarsus® 8.09+0.17 8.22+0.34 8.25+0.39 8.23 +0.37

a : Total number and mean incidence are shown.

b : Mean + S.D. is shown.

24 JRRAEEGE £ =

¥ EEOBRTRMERRTE RA STV 5 RERR
FETH5 1000 mg/kg/day \ZHEV> 936 me/kg/day X 5HEIC
BWTH, LROKBRERECENFY VIRIFERIEIC X
LEMMEIZEOON o720 T, MBS IV 936
mg/kg/day I GBICOWTREXER Lz, ZO/KR, X
FREE L 936 mg/kg/day TR E-HO VT ROIKERIZ S MFEAS
B LN, FERIIEHTAEEIRDLON LD

7z (Tables).

Table 5. Visceral malformations in the fetuses from pregnant rats treated with

morpholine salts of fatty acids
Dose (mg/kg/day)
0 (control) 936
No. of litters 21 21
No. of fetuses examined 159 150
No. of litters with malformed fetus 8 (38.1%) 11 (52.4%)
No. of fetuses with malformations* 11 (6.72%) 17 (10.8%)
Thymic remnant in neck 8 (4.85%) 12 (7.45%)
Dilatation of cerebral ventricle 0 (0.00%) 1 (0.68%)
Diaphragmatic hernia 0 (0.00%) 2 (1.28%)
Hypoplasia of spleen 0(0.00%) 1(0.68%)
Dilatation of ureter 2(1.19%) 1(0.60%)
Left-sided umbilical artery 2(1.28%) 2(1.47%)

a : Total number and mean incidence are shown.

b dol.
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A 90-day Repeated Dose Toxicity Study of Madder Color in F344 Rats:
A Preliminary Study for Chronic Toxicity and Carcinogenicity Studies

A 90-day toxicity study of madder color was performed in F344 rats by feeding the pellet diet containing O,
0.6, 1.2, 2.5 and 5.0 % of test substance to clarify its toxic potential and to determine the dose levels for the fol-
lowing chronic toxicity/carcinogenicity studies. Body weight gain and food consumption were dose-dependently
decreased at 1.2 % or more in males and at 2.5 % or more in females throughout the experimental period. All
animals were survived until the end of experiment and subjected to autopsy. Hematologically, the following
parameters were fluctuated in relation to the treatment: decreases in the red blood cells, hemoglobin, and hemat-
ocrit in females at 2.5 % or more; increase of platelets in males at 2.5 % or more, and in females at 5 %; increase
in white blood cells in males at 5 %. Serum protein parameters were also affected by the treatment in males at
1.2 % or more and in females at all doses. Increase in the serum calcium level was observed in males at 2.5 % or
more and in females at 5 %. Serum inorganic phosphorus level was also increased in males at 1.2 % or more and
in females at 2.5 % or more. At autopsy, both absolute and relative kidney weights of females increased dose-
dependently at 0.6 % or more. Relative liver weight in females also increased at 1.2 % or more.
Histopathologically, microvesicular vacuolar degeneration of proximal tubules was observed in the kidney of
both sexes (males at 1.2 % or more; females at 0.6 % or more). In addition, mononuclear cell infiltration (both
sexes) and hyaline casts and tubular regeneration (male) appeared in the kidney at 5 %. In the female liver, focal
liver cell necrosis associated with mononuclear cell infiltration was evident at 5%. The results demonstrate the
toxic effects of madder color on the liver (in females at 5 %) and kidney (in males at 1.2 % or more; in females
at 0.6 % or more) of F344 rats when treated orally for 90 days. In addition, toxicities in hematopoietic system
and/or bone would probably be appeared when rats are treated with 1.2 % or more of madder color for long-term
over 90 days. NOAEL was determined to be 0.6 % in males, but could not be determined in females under the
condition of this study. Based on the results of this study, the dose levels for subsequent chronic toxicity and
carcinogenicity studies were determined to be 0.2, 1.0 and 5.0%, and 2.5 and 5.0%, respectively.

Keywords: madder color, repeated dose toxicity study, rat

Naoya Masutomi#, Makoto Shibutani, Kazuhiro Toyoda, Naoko Niho, Chikako Uneyama and Masao Hirose
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REHGIZEDPAFHRBRRIEHE SN TE S, diethyl-
nitrosamine, N-methylnitrosurea & UF dihydroxy-di-N-propyIni-
trosamine % L L 72 HED F344 %7 v MIC2BEEHOT 4 48
FRMZFRENSRU25 2 OFRTI6ARRMZS L
=S EAERPHEFAMRRIIBVT, wIFhoEiFicsy
THEPABEEAFROLR TV WD LOHEND S
NDHTHAH. BREGKBOMEDP LT I ZBRIEISA
HEHETLHURESHER S NED, TORVAFERF
F—HENE (ADD) BHOLDOTFRTF— kv,
BAETRERBMYIZEHE L TRARMPIZOWTD
BRDERRLEEUFMMILLENTWS, 40, KRR
MPoREEFIFMO—RELT, THIAEEOERESE
- WSREVAEGEABRZEEL, TOREREDTOOT
fiskER L LT 90 H ORIk GHEHERBR L E/mL L.

ABRMBARUAE

1. B

B3 4:8E3 O F344/DuCrj 2 7 v b (SPF) REHER SO T
ZHEF v — VR - UN—HEREH (WEND) L hEBAL,
HEEFE (CRE-1ERER, £V 2 VEBTERAS
#) EAREAKTAMBLEE Lk, EBEAICHRELS
B O(REI00L) 24, REBICH LS. o FFRAN
YYXY—Y 27 LDFEFRICTC, €iR24+1T, BESSES5
%, WEABHISE, B (F—V 7L via), 12BN
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Fig. 1. Growth curves for male and female F344 rats treated with mad-
der color for 13 weeks
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Fig.2. Daily food intake for male and female F344 rats treated with
madder color for 13 weeks
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Table 1. Food consumption and intake of madder color

Food consumption Daily intake (g/rat) Total intake (g/rat)

(g/rat/day)
Group Male Female Male Female Male Female
control 145 9.2 - - - -
0.6% 148 9.5 0.09 0.06 8.0 5.2
1.2% 141 9.3 0.17 0.1 154 102
2.5% 135 88 0.34 0.22 30.7 20.0
5% 133 8.6 0.67 0.43 60.6 39.1
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Table 2. Hematological and serum biochemical data of F344 male rats treated with madder color for 13 weeks

Items Groups
Control 0.6% 1.2% 2.5% 5%
RBC (x10%/uL) 919.5+2059 ¥ 938.6+20.27 915.3+2233 9248 ::27.98 912942255
Hb  (g/dl) 15.1 £0.24 154 :£0.37 150+0.34 150040 1484037
Ht % 438099 451 £0.76% 437+1.14 447+1.23 437 £1.09
MCV  (fL) 47.6£0.50 48.1 £0.44 478043 48.3 £ 0.28%x 47.9+0.38
MCH (pg) 16.5+0.20 16.3£0.20 164+£0.10 16.2+0.3% 16.2 £ 0.20%*
MCHC (g/dL) 346:£042 34.0:+056 3444044 33.6 £ 0.484% 338 0.3+
PLT (x10%uL) 78.8+1.66 76.9+4.08 779315 829+4.31% 87.8 £ 3.1%k
WBC (x10%/ L) 41.6+4.70 3861344 41.9+479 4454445 488+ 4.31%
Differential cell counts (%)
Neut-B 1.3+£0.92 041057 0.3:£0.35% 0.2:£0.24% 0.1 £0.16%
Neut-S 20.7 491 26.8 £ 5.40% 243336 20.8 £2.45 239:+555
Eosino 1.2+0.59 1.3:£0.65 1.1 £0.81 0.3 +0.35%% 0.9 +0.66
Baso 0.0 £0.00 0.1£0.16 0.0 :£0.00 0.0 £0.00 0.1 £0.16
Lymph 76.8 +4.64 71.1 £5.73% 7431349 784 %267 751542
Mono 0.1+0.16 0.4 +0.63 0.1+0.21 0.4 £057 0.1 +0.16
Eb} 234189 1.5+£1.78 1.2+0.92 1.8+1.40 23+1.49
TP (g/dL) 6.6:£0.17 683:0.17 6.9 £0.11%x% 7.1 0.1 1% 7.34£0.11%x
Ab  (g/dL) 45+0.06 464015 4.6 =+ 0.09%% 4.7 £0.084x 4.8 0.08%%
A/G 21+0.15 2.1 4009 2.00.09% 2.040.08 1.9 0.08%*
TC  (mg/dL) 76.3+236 744519 76.8 £4.57 7274798 789+4.25
TG  (mg/dL) 94.6 £15.90 95.2+19.90 1027 +£20.76 75.6 £15.70 70.0 * 19.37%
BUN (mg/dL) 19.5+1.08 20.1+1.49 224+ 1.71%% 20.7 241 22.5 % 0.93%%
CRE (mg/dL) 0.3£0.03 0.3£003" 0.3£0.00 0.3 £0.00 0.3:0.00
Ca  (mg/dl) 104017 10.2+0.13 10540.15 10.6 £ 0.13%% 10.8 £0.16%%
P (mg/dL) 5.7+0.31 6.1 +£0.30 6.8 + 0.36%% 7.3 £0.25%% 7.8 = 0.24%%
Na  (mEq/dL) 144.5 +0.52 1454 £:0.96 1445£0.70 145.7 £0.95%x 145.5 £0.85%
K (mEq/dL) 424024 44+0.29 44+0.17 4.6 :0.19%% 45+0.16%
cl (mEq/dl) 104.4 +0.69 104.5 +0.85 103.9+0.88 1036 +0.84 103.7+1.16
AST (/L) 71.7+4.69 79.8 = 5.03%% 728 +6.03 753657 66.6 +3.60
ALT  (u/L) 5264237 55.8 +4.98 §32+368 43.4 £ 5.06% 394+ 3.2
ALP  (lU/L) 353.1 £ 18.00 349.0 + 20.64 347.6 +16.67 332.5+£23.29 3504424
DBIL _ (mg/dL) 0.1 +0.00 0.2 4+0.03 0.3 +0.03% 0.5 =+ 0.03* 0.9 +0.04%
a) : Mean = SD

*, *% ; Significantly different from control at p < 0.05 and p < 0.01, respectively

HxtER, BR (ER) OMEEB I UHNEEDEHE
A50.6% LL EDOBET, FFROMEN EEDOEEA1.2% M LD
HTROON, LB 25 LOFETILLRBB LU
MOMMEENGEEZ R LD, dGEtzEblhor:
CEDLRENRMBEE R LB LEE L SR,

5. REMGFOETR

R FHRBEOEE % Table 6 1ZR L7z, HTRE
BACEMRATE Lo T Aot d 12 0 Lo
BT, RAEHE, HFAMS LURE~NORZHRRERTE
M5%EETRO b/ (Fig3A)., ZOfICIFREIEIMED R
Bd B VIEIEERD0.6% L LOBETRD SN (Fig3AB).
HECIRRBRIOIMREE LEOZEREEN0.6% L D
T, ME~NOBEHRBEENSGHTRO LN, T
DI TIXRBEO ML S & CHEMREE 5%

HTRooN (Figd). ZOMIZdHRBELECHED
BHTHEBEAFED SN, HEELESEHLOMIC
ZALDRERUEEROEIRD LM o7,

Z £

4, F3445 v P2 WT T 2 BEOREHRS5ICES
BAEABOESHEERBEEER L. —REBE TR,
THhAEEOREZ R L 2- L #2 5 58 EERI
oMY, HERYWERSICERTAEEZ LN REI
BoOONeho/, REMNMERCEEEDRMENSHETIE
12% A EDRET, MTIZ25% 0 EOBTRO ORI, &
HOBENMAHOBREIREEORIOBE L L CHELT
BY, FEED SR RESINNEHIEEICEREORIIC
BETLILDEEZ LRI,



BES I F34T v MBI 2 7 h AR H BEERSEERBR—BNEN - BUAETHRER— 59

Table 3. Hematological and serum biochemical data of F344 female rats treated with madder color for 13 weeks

tems Groups __
Control 0.6% 1.2% 2.5% 5%
RBC (x10%ubL) 906.2£2151% 9039+21.33  884.2+28.16 8585+ 4879%¢  825.3 % 31.20%%
Hb  (g/dL) 16.0£0.32 16.0+0.29 15.6 047 15.1 £0.83% 14.6 £ 0.53*
Ht %) 46.1 +1.23 46.0 +1.14% 447 +1.45 43.2 & 2.43%% 42.3 + 1.474%
MCV (fL) 50.9 £0.32 50.9 +0.29 50.6 +0.32 50.3 = 0.46%* 51.3+033
MCH (pg 17.6+£0.13 17.7+0.20 17.6 £0.18 17.6 £0.09 17.6 £0.13
MCHC (g/dL) 34.7+0.39 3474043 34.8+0.39 34.9+0.26 34.4 £0.30
PLT (x10%uL) 81.2+4.29 80.5+371 80.6 = 4.34 86.0 +5.34 91.8 = 5.76%
WBC (x10%/uL) 38.7£4.77 38.8+4.37 38.2+6.27 40.0 +5.98 429 +545
Differential cell counts (%)
Neut-B 0.0 +£0.00 0.2 +0.34 0.2 +0.34 0.0 +£0.00 0.0 £0.00
Neut-S 159+6.18 157 +4.84 153+2.83 16.1 £4.68 16.9 +5.27
Eosino 14£1.13 0.9 +0.34 1.6£1.15 1.4 +£0.94 0.9 +0.66
Baso 0.0 +0.00 0.0 +0.00 0.0 £0.00 1.0£0.16 0.0 £0.00
Lymph 82.6 +6.13 83.1 +4.83 82.8 + 3.51 82.4+4.94 81.8+4.80
Mono 02+0.24 0.2+0.35 0.2+0.24 0.1+0.16 0.5+0.80
Ebl 274142 3.8+257 1.6+ 1.65 1.5+1.35 261246
TP (g/dD) 6.5+0.09 6.8+0.17% 6.8 +0.21% 6.9+001% 7.1£0.17%
Ab  (g/dL) 47+0.14 48+0.13 47+0.16 47010 47014
A/G 2.8+0.27 2.6 +0.22% 2.3 £0.16% 2.1 £0.14%x 2.0 £0.16%
TC (mg/dL) 90.7 £ 8.01 99.2 £7.07 105.0 & 5.83%* 108.6 £9.01%% 118.0 =+ 8.53%x*
TG (mg/dL) 31.8+745 427 +£12.49 48.2 £ 15.92% 48.8 £ 12.42%* 46.9 £ 8.09%
BUN (mg/dL) 19.3+£1.74 19.2+£0.65 19.1 +£2.40 19.9 +1.51 200+1.74
CRE (mg/dL) 0.3 +0.00 0.3£0.03 03210.03 0.3+0.03 0.310.05
Ca  (mg/dl) 10.4£0.24 10.5+0.23 10.3+0.23 10.3 +0.06 10.9 +0.19*
P (mg/dl) 6.2 +0.30 6.5+053 6.4 +0.29 8.7 £0.36% 7.1 2034+
Na  (mEq/dL) 145.340.67 146.4 +0.69 145.7 +0.82 1458 +1.03 1454 +1.07
K {(mEq/dL) 41024 414027 42+0.20 42021 424012
Cl  (mEg/dL) 106.8 +1.23 107.1 £0.99 1059 £ 057 104.6 £1.17%x 105.1 & 0.99%x
AST (u/L) 78.1+8.84 784 +7.01 67.7 £ 4.24%% 73.0 +4.81 69.4 =+ 3.95%*
ALT (U/D) 410271 405+ 344 35.4 + 2.59%% 345+ 2924 35.3 = 3.34%
ALP  (U/L) 25894744 22931929 2105+ 11.46% 2156 +24.14% 246.8 + 20.09
DBIL (mg/dL) 0.1 £0.03 0.2 +0.03 0.4 =+ 0.05% 0.6 :+0.03 1.1+£0.07%
a): Mean + SD

*, ¥k : Significantly different from control at p < 0.05 and p < 0.01, respectively
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Table 4. 'Absolute organ weights of F344 rats treated with madder color for 13 weeks (g)

Groups
Control 0.6% 1.2% 2.5% 5%

Male Body weight 3109 +£15.28 Y 307.1 +1450 2973+ 16.50 288.9 + 36.165% 261.7 £ 16.8%
Brain 1.94 £0.045 1.92 +0.041 1.94 £0.050 1.89 +£0.042 1.90 £0.052
Thymus 0.21 +:0.034 0.21 £0.030 0.20 0021 0.19+0.037 0.18 :0.030
Lung (R) 0.66 +£0.048 0.65+0.038 0.63 +0.057 0.59 X+ 0.036+x 0.61 £:0.032%
Lung (L 0.35+0.017 0.34 +£0.0t12 0.34 £0.022 0.31 £0.018*x 0.321:0.019%*
Heart 0.88 +0.079 0.95 +0.082 0.88 £0.057 0.86 £0.069 0.81 1:0.045
Spleen 0.63+0.051 0.64 £0.031 0.65+0.038 0.65+0.032 0.63:0.048
Liver 7.37£0474 7.57+0.353 7.64 +0.489 74710433 76710614
Adrenal (R) 0.017 £0.003 0.017 £0.002 0.018 £0.003 0.019 +£0.002 0.017 2:0.003
Adrenal (L) 0.020 +0.002 0.020 £ 0.002 0.019 +0.004 0.021 £0.002 0.021 1:0.002
Kidney (R) 0.94 £0.090 0.97 £0.051 0.98 £0.045 0.96 +0.059 0.934:0.045
Kidney (L) 0.98+0.056 1.00 £0.073 1.01 £0.058 0.97 +0.043 09540075
Testis (R) 1.46 +0.083 1.5t £0.068 1.49 +0084 1.52+0088 1.5140.067
Testis (L) 1.49 +0.079 1.53 +0.069 152 +0.094 1.53 +0.048 1.52 +0.090

Female Body weight 162.6 :4.86 162.3:7.17 158.1 +£8.03 150.1 £6.02%* 148.0 1 6.5%*
Brain 1.76 £0.038 1.79 £0.054 1.78 £0.037 1.77 £0.048 1.76 £ 0.032
Thymus 0.17+0.024 0.17+£0.023 0.17+0019 0.15+0014 0.16 +:0.042
Lung (R) 0440018 0.43+0.038 0.45+0025 0.43+0.026 0.43:£0.042
Lung (L) 0.24+£0.026 0.24 +0.018 0.24 £0.022 0.24 £0.015 0.2340.021
Heart 0.54 +:0.035 0530025 0.55+0.026 0.52 +£0.023 0.52 +0.027
Spleen 0.38 £0.022 0.39 +0.026 0.39 +0.030 0.41 +0.057 04120018
Liver 3.48+0.145 3.66 £0.226 3.78 £ 0.18%** 371 +0.269 3.8540.185%x*
Adrenal (R) 0.019 £0.002 0.021 £0.003 0.019 +0.002 0.020 +0.003 0.019 +0.003
Adrenal (L) 0.020 £0.003 0.023 +0.003 0.021 £0.003 0.020 +0.003 0.018 +0.003
Kidney (R) 0.51 £0.032 0.55+0.026% 0.59 £ 0.037%x 0.56 = 0.036%x 0.584:0.027+%+%
Kidney (L) 0.52 +£0.027 0.56 +£0.025 0.59 + 0.035%* 0.57 +0.037%* 0.57 % 0.027%%
a): Mean £ SD
*, ** : Significantly different from control at p < 0.05 and p < 0.01, respectively

Table 5. Relative organ weights of F344 rats treated with madder color for 13 weeks (g)
Groups
Contro) 06% 1.2% 2.5% 5%

Male Brain 0.63 £0028% 0.63 +£0.030 0.65 0023 0.66 £0.064 073 £0042
Thymus 0.07 £ 0010 0.07 £ 0.009 0.07 0007 0.07 £0015 007 £0013
Lung (R) 0.21 0015 021 +0016 0.21 +0020 0.21 +£0023 02340012
Lung (L) 0.11 = 0.007 0.11 +0.006 0.11 £0.009 01100114 0.12+0.006
Heart 0.28 £0.021 031 20025 0.30 0015 0.30 0034 0310015
Spleen 0200012 0.21 0007 0.22 +0.009 02310019 0240014
Liver 2.37 £0.067 247 £0053 257 +£0.067 260+0.185 283X0.108
Adrenal (R) 0.006 £0.001 0.006 -+ 0.000 0.006 £ 0.001 0.007 -+ 0.001 0.007 £ 0.001
Adrenal (L) 0.006 £0.001 0.007 +£0.001 0.007 £ 0.001 0.007 £ 0.001 0.008 +0.000
Kidney (R} 0.30 +0.017 0.32 +£0.009 03310011 0.33 +0034 0360018
Kidney (L) 0.31 £0.012 0320016 0.34 £ 0.001 0.34 £0.030 0.36 £ 0.009
Testis (R) 0.47 20.025 049 0022 050+0018 0.53 £ 0.061 05840026
Testis (L) 0.48 +0.023 0.50 + 0.022 0.51 + 0027 0.54 £ 0.057 0580018

Female Brain 1.08 £0.043 1.10 £ 0039 1.12£0050 1.18 £ 0.032%¢ 1192 0.038%+
Thymus 01010015 0.10 +0.011 0.11 +£0014 0.10 + 0.008 0.1t 0028
Lung (R) 0.27 £0.011 0.27 £ 0018 0.28 +0.019 0.29 +0.020 0.29 +£0.026
Lung (L) 0.15:+0014 0.15 £ 0010 0.15 0010 0.16 +0.009 0.16 £0015
Heart 0.33+0013 0.33 £ 0.009 03510017 0.35+0.013% 0.35 3+ 0.018%%
Spleen 0.23+£0010 024 20011t 0.24 + 0011t 0.28 £ 0048 0.28+0010
Liver 213 0059 2.25 20081 237 £ 0.066%¢ 247 £0.121%% 261 £0.077%x

Adrenal (R) 0.011 £0.001 0.013 £0.002 0.012 £ 0.001 0.013 £0.002 0.013 £ 0.002
Adrenal (L) 0.013 0001 0.014 +0.002 0.013:+0.002 0.013 £ 0.002 0.012 £ 0.002
Kidney (R) 0.31 20016 0.34 +£0012#%x 0.37 £0018%¢ 0.37 £ 0.014%% 0.39 £ 0.009%*%
Kidney (L) 0.32 +0.011 0.34 +0014% 037 +0018%*¢ 038 0018+ 0.39 + 0.013%%
a): Mean £ SD

*, %% : Significantly different from control at p < 0.05 and p < 0.01, respectively
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Table 6. Histological findings in male and female rats treated with madder color for 13 week

Sex Male Female
Group control _0.6% 12% 2.5% 5% control 0.6% 1.2% 25% 5%
No. of animals examined M 10 10 10 10 10 10 10 10 10 10
Liver
Focal necrosis, hepatocytes Total incidence 10 -~ - - 10 9 10 8 9 10##
Grade = 10 10 6 8 7 3 0
+ 0 0 3 1 1 5 2
++ 0 0 [} 0 0 1 8
Mononuclear cell infiltration Toal incidence 10 - - - 10 10 10 10 10 10##
Grade = 10 10 7 8 7 4 0
+ 0 0 3 1 3 5 2
++ 0 0 [ 1 0 1 8
Kidney
Tubular regeneration Toal incidence 10 10## 9#4 104## 104 3 1 1 2 4
Grade = 1 8 7 7 0 3 1 1 2 4
+ 8 1 2 3 4 0 0 0 0 0
++ 1 1 0 0 6 0 0 0 0 0
Hyaline cast. Toal incidence 8 3 5 2% 9 5 5 6 5 7
Grade = 8 3 5 2 4 5 5 6 4 7
+ 0 0 0 0 5 0 0 0 1 0
++ 0 0 0 0 [ 0 0 0 0 0
Microvesicular vacuolar Toal incidence 10 10 10##  10##%  104# 10 1044  10##  10#%  104#
degeneration, proximal tubules Grade = 10 10 4 0 0 10 [ 0 0 0
+ 0 0 6 10 4 0 10 5 [} 0
++ 0 0 0 0 6 0 0 5 10 10
Mononuclear cell infiltration Toal incidence 6 6 8 9 10## 4 2 1 5 10*##
Grade = [ 6 7 8 3 4 2 1 4 7
+ o 0 1 1 7 /] 0 0 1 3
++ 0 0 0 0 0 ¢ 0 0 0 0
Eosinophilic body Toal incidence 10 104#% 1044 4+ i Oxx i 0 0 0 0 0
Grade = ] 0 8 4 0 0 0 0 0 0
+ 0 4 2 0 0 0 0 0 0 0
++ o 6 0 o o [ 0 [} 0 0
++4 10 0 0 0 1] 1] 0 0 0 0

a) : Not examined

+ :very slight,  +:slight, ++:moderate, +++:severe

*, % ; Significantly different from control at p < 0.05 and p < 0.01, respectively {Fisher's test)
#, ## : Significantly different from control at p < 0.05 and p < 0.01, respectively (Mann-Whitney test)
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2 . B FA
Fig. 3A. Microvesicular vacuolar degeneration of proximal tubulues in
the kidney of a male rat treated with 5% of madder color.
Focus of tubular regeneration (arrow) and lack of eosinophilic
bodies are shown as well. (H.E., x1320 magnification)
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Fig. 3B Eosinophilic bodies in the proximal tubular epithelia (arrow) in
the kidney of an untreated male rat (H.E., x1320 magnification)

i

Fig.4 Focal liver cell necrosis associated with infiltration of

mononuclear cells in a rat treated with 5% of madder color
(H.E., x1320 magnification)
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A 90-day Repeated Dose Oral Toxicity Study of Magnesium Chloride in F344 Rats

Tamotsu Takizawa, Kazuo Yasuhara #, Kunitoshi Mitsumori,
Hiroshi Onodera, Takatoshi Koujitani, Toru Tamura,
Hisayoshi Takagi, and Masao Hirose

In order to examine the toxicity of magnesium chloride hexahydrate, four groups of 10 male and 10 female
F344 rats received the compound by dietary supplementation at 2.5, 0.5, 0.1 or 0% for 90 days. No treatment-
related death was observed during the study. Transient soft stool and sustained increase in water consumption
were observed both in males and females of the 2.5% group and slight reduction in body weight gain was noted
in the high-dose males. There were no toxic changes in food consumption, organ weights, hematology and bio-
chemistry, and histopathological examinations in any treated-groups. Based on these results, the no-observed-
adverse-effect-level was estimated to be 0.5%, and 2.5% is considered to be appropriate as highest dose for a 2-

year carcinogenicity study.

Keywords: Magnesium chloride, F344 rat, Dietary supplementation
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Wik~ 2 oo A, KL DIELT P T AREET
LZEORENTHL2ETOERSTTHY, BHMTHDH0IE
WEEA NI AELCEERERT L LTHEEIATY
Y, I, WS AYYL, Bb SR VY L ED—
MO39 MEEWIIEETHE L TEHSATS
h, Bk~ 32Ty UHMIRAROEBNTCHER SR TY
7223, fEROREHMETIE, Bt~ r vy 0O
BEICLBHIEEE, 7 ATI100 mgkg, 7v FT
2,800 mgkg & SN T3, F7z, B6CIFIRZTTAILEW
Tit, S%BEEHEEO 13AEESIC X ) BRAETOZERE
PREDH LR TVEHY, 2% REFFRO 96 BHEBEORST
A ERERE, REMGRFVRRFCIIRERRIIE
HHNT, BEHLRELVWIENHERINTEIY, &
BT v P TIHE, 800 mgkg DREOES CREBEE RS &
W EMNHESRTWEY, LaL, BERisnwEratit
ZEMROREUFMEMINTVE S v b TORMES
12X AFEHEREE LV, 22T, BESEEB I UREER
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Kazuo Yasuhara; Kamiyoga 1-18-1, Setagaya, Tokyo 158-8501,
Japan; Tel: 03-3700-9845 Fax: 03-3700-1425

E-mail address: yasuhara@nihs.go.jp
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h, REPRL L0, &5 108ICEEEE U:8F%R
L7, WEflo#HE T, REROEAS X UREORED
Aotz HEFTIE, 25% TR 2EP LEIEICL D
EELNIZBEOFRHIMHETED S, &5 HR$
TE R AR

g

2. hE, FHEBSIURKE
2.5 %HEOMHT, ML EEEORMEI RS 5E LR
Booh, FERFKEOKRETIIAETH -7 (Fig 1).
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Fig.1 Body weight change of rats fed diet

containing magnesium chloride for
90 days
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EREICHL TR LR R L OMICHL 2%
RO OLNT, 1 HY7: ) oY ETFHIEREIL0.1 %5
DHET 62 mg/kg, WET 59 mgkg, 0.5 %EFEDHE T 308 mgkg,
T 299 mg/kg, 2.5% B O M T 1,600 mg/kg, M T 1,531
mg/kg & HERY R CHHB L T L 74 (Table 1).
2.5 %EEOME TS LA L )RS h gk L THEAZED
MimAEH 5hiz (Fig2).

Table 1 Food consumption and the amount of magnesium
chloride consumed in rats fed diet containing
the substance for 90 days

Dose level Food consumption

Intakes of MgCl,

(%) (g/rat/day) (mg/ke/day)
Male 0 13.4 -
0.1 13.6 62
0.5 13.4 308
2.5 13.7 1600
Female 0 8.1 -
0.1 8.3 59
0.5 8.3 299
2.5 8.5 1531
~ 35 r
&g .
: A : Male ——0%
S3F ——0.1%
= —a—0.5%
225' : ——2.5%
8 &/ :::Zé::§<;§ E
. 20 F :
5
= 15 'y 9 2 'l 4 1 1 ]
0 2 4 6 8§ 10 12 14 16
Week
AZS-
)
g B : Female ——0%
EZO [ M oo
g —a—0.5%
a ——2,5%
815-§$:<Z;§;:2;;EEEEE
S
-~
=
10 4 1 1 IS 1 Il 'S -
0 2 4 6 8§ 10 12 14 16

Week

Fig.2 Water consumption in rats fed diet
containing magnesium chloride for
90 days
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Tanaka & DFEY 12X 2 &, B6CIF1 7Y X 2HE{b= 72
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Table 2 Hematological changes in male rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 9 10 10 10
RBC  10'/L 919 + 28 899 + 14* 867 + 200 % 877 + 3¢*
Hb g/dL 15.2 + 0.4 14.7 = 0.2* 14.2 + 0.4°* 14.6 = 0.6°
H % 44.0 + 1.4 43.3 = 0.3 41.7 + 1.2 42,5 + 1.8
MCV  fL 47.9 + 0.4 48.2 + 0.6 48.1 + 0.7° 48.4 + 0.5
MCH pg 16.5 + 0.1 16.3 = 0.3 16.4 = 0.2° 16.6 + 0.2
MCHC g/dL 34.5 + 0.3 33.9 + 0.5*" 34.1 + 0.5° 34.3 + 0.4
PIt  10Y/L 7.1 + 7.0 83.6 + 9.7**  89.9 + 8.6°™  73.5 + 4.6
Ebl  count/200 WBC 1.9 + 1.3 2.4 + 1.8 1.9 + 1.5 1.7 £ 1.7
WBC  10%/L 39.8 + 4.4 41.6 + 8.6* 34.7 + 3.5° 39.6 = 5.2
Differential cell count (%)
Band 0.1 + 0.2 0.0 = 0.0 0.0 + 0.0 0.0 + 0.0
Seg 20.0 + 5.5 25.0 + 6.0 24.6 + 2.2 24.0 + 5.0
Eosino 1.8 = 1.0 0.9 + 0.5 1.1 £ 0.5 0.8 + 0.6"
Baso 0.0 = 0.0 0.0 + 0.0 0.0 = 0.0 0.0 = 0.0
Lympho T7.7 + 5.9 73.8 + 6.1 74.0 + 2.2 74.8 + 5.1
Mono 0.5 £ 0.5 0.3 + 0.5 0.3 + 0.4 0.5 = 0.3

Each value represents the mean+S.D. (a: 8 animals, b: 9 animals).
%, *%: Significantly different from the control at p<0.05 and p<0.01, respectively

Table 3 Hematological changes in female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 10 10 10 10
RBC 101 850 + 37 842 + 26 844 + 24 877 + 34
Hb g/dL 14.9 + 0.5° 14.9 = 0.4 15.0 = 0.3 15.6 + 0.5
At % 42.6 = 2.0* 2.4 = 1.1 42.4 + 1.2 4.3 = 1.8
MCV  fL 50.1 + 0.1° 50.3 = 0.5 50.2 = 0.2 50.5 = 0.3
MCH pg 17.5 = 0.2° 17.8 + 0.3 17.7T = 0.2 17.8 = 0.2
MCHC g/dL 34.9 = 0.6" 35.3 = 0.5 35.4 = 0.3 35.3 £ 0.6
PIt  10Y/L 75.7 + 2.7 75.7 = 4.0 76.9 * 3.1 76.4 + 2.4
Ebl  count/200 WBC 3.6 + 2.0 5.3 = 2.3 4.2 + 2.5 5.1 = 2.7
WBC 10%/L 28.7 = 5.8° 30.5 = 7.8 30.4 = 3.7 34.8 = 5.0
Differential cell count (%)
Band 0.0 £ 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0
Seg 19.5 = 4.8 20.4 = 6.1 18.8 = 4.3 18.6 = 4.8
Eosino 1.4 = 1.0 1.7 £ 0.6 1.2 = 0.9 1.4 = 1.0
Baso 0.0 £ 0.0 0.0 = 0.0 0.0 = 0.0 0.0 = 0.0
Lympho 78.6 = 4.9 77.4 = 6.2 79.6 = 4.1 79.6 + 5.5
Mono 0.5 = 0.3 0.5 £ 0.5 0.4 = 0.3 0.4 = 0.3

Each value represents the meansS.D. (a: 9 animals).
%, *#x: Significantly different from the control at p<0.05 and p<0.01, respectively
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Table 4  Serum biochemistry in male rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5

No. of animals 10 10 10

TP g/dL 6.6 + 0.2 6.6 + 0.1 6.5 + 0.2 6.5 = 0.2
Alb g/dL 4.5 = 0.1 4.5 = 0.1 4.5 = 0.1 4,5 £ 0.1
A/G 2.1 = 0.1 2.2 0.1 2.3 = 0.1 2.2 £ 0.1
T-Cho  mg/dL 74.9 + 5.5 68.4 + 3.9 70.7 = 4.6 65.2 = 4.9"
yGIP  1U/L 2.0 0.0 2.0 £ 0.0 2.0 = 0.0 2.0 £ 0.0
ChE IU/L 5.9 = 0.6 5.2 = 1.0 4,6 + 0.7 4,7 £+ 0.7
AlT 10/L 57.7 = 6.2 57.5 = 5.0 58.8 + 8.4 58.3 = 4.6
AsT 1U/L 86.2 + 12.3 82.6 = 10.0 85.4 = 10.1 79.6 £ 9.4
LDH 1U/L 880.3 = 151.0 759.9 + 330.4 607.0 = 269.3 371.8 + 226.9"
ALP 1U/L 395.9 = 23.8 382.7 = 24.0 346.2 = 19.2" 360.6 + 18.7"
BUN ng/dL 21.0 = 2.6 22.4 = 1.5 21.7 = 1.2 22.1 = 1.2
Cre mg/dL 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0 0.2 = 0.1
Ca mg/dL 10.0 = 0.2 10.1 = 0.1 10.2 = 0.2 10.2 = 0.2
iP mg/dL 5.1 = 0.4 5.2 » 0.3 5.9 + 0.3" 6.1 = 0.4*
Na mEQ/L 143.4 = 0.9 142.8 = 0.8 142.8 + 0.8 142.6 = 1.1

K nEQ/L 4.5 £ 0.2 4,5 = 0.2 4.7 £ 0.3 4.5 = 0.2
Cl nEQ/L 103.8 =+ 1.4 104.5 = 0.9 104.9 = 0.7 103.8 = 0.9

Each value represents the meansS.D.
%, xx: Sienificently different_from the control at p<0.05 and p<0.01, pespectively .. . __.

Table 5  Serum biochemistry in female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5
No. of animals 10 10 10 9

TP g/dL 6.7 = 0.3 6.5 £ 0.2 6.4 + 0.2 6.4 + 0.2
Alb g/dL 4.8 + 0.2 4.7 = 0.2 4.6 + 0.1* 4.7 = 0.1
A/G 2.7 £ 0.2 2.7 £ 0.2 2.6 £ 0.2 2.7 0.2
T-Cho  mg/dL 91.6 = 7.3 90.8 = 5.3 90.8 + 6.6 94.7 + 5.3
vGIP  IU/L 2.0 £ 0.0 2.0 = 0.0 2.0 £ 0.0 2.0 = 0.0
ChE /L 9.0 + 0.8 8.4 = 0.7 8.6 + 0.8 9.1 =+ 1.2
AlT IU/L 46.9 + 4.5 42.1 + 4.0° 44.3 + 5.4 43.6 = 2.9
AsT 1U/L 75.2 = 6.7 71.4 = 5.0 72.7T £ 7.6 72.4 * 6.7
LDH 1U/L 591.5 = 234.1 407.5 = 240.6 391.0 + 257.4 315.4 = 155.9*
ALP I0/L 212.7 = 26.2 217.6 = 25.0 227.6 = 29.2 223.1 + 24.7
BUN mg/dL 20.0 = 1.7 19.0 + 0.8 19.1 + 3.8 19.5 = 2.5
Cre mg/dL 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0 0.3 = 0.0
Ca mg/dL 10.3 + 0.4 10.2 = 0.3 10.1 = 0.1 10.1 = 0.1
IP mg/dL 6.1 = 0.8 5.4 + 0.5 5.7 = 0.5 5.6 + 0.3
Na nEQ/L 144.1 = 1.1 143.6 = 1.0 143.6 = 0.7 143.4 + 0.7
K nEQ/L 4.4 + 0.7 4.1 = 0.5 4.0 + 0.3 4.1 + 0.2
cl nEQ/L 105.9 = 1.7 105.9 = 1.2 105.3 * 3.5 105.7 = 0.9

Each value represents the mean+S.D.
%, *x; Significantly different from the control at p<0.05 and p<0.01, respectively
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Organ veight of male rats fed diet containing magnesium chloride for 90 days

Table 6

Dose level (%) 0 0.1 0.5 2.5

No. of animals 9 10 10 10

Body weight (g) 324.1 + 16.44 322.0 + 14.53 319.9 + 9.08 307.3 = 19.65

Absolute (g)
Brain 1.927 + 0.031 1.933 + 0.039 1.942 + 0.031 1.807 = 0.050
Thymus 0.197 = 0.033 0.200 = 0.035 0.192 = 0.029 0.174 + 0.033
Lung 1.006 = 0.068 1.027 = 0.072 1.060 = 0.136 0.929 + 0.076
Heart 0.945 + 0.065 0.956 + 0.098 - 0.950 * 0.047 0.901 = 0.057
Spleen 0.606 = 0.027 0.619 + 0.018 0.601 + 0.017 0.552 + 0.045™
Liver 7.871 + 0.494 7.506 + 0.467 7.467 + 0.283 7.192 + 0.553"
Adrenal 0.039 = 0.006 0.038 = 0.009 0.034 = 0.003 0.038 = 0.005
Kidney 1.958 + 0.128 1.901 + 0.167 1.909 + 0.060 1.908 + 0.152
Testis 3.161 = 0.110 3.073 = 0.168 3.136 = 0.104 3.071 = 0.181
Relative (g/100g B.¥.)

Brain 0.596 = 0.028 0.601 = 0.024 0.608 = 0.022 0.622 = 0.028
Thymus 0.061 + 0.010 0.062 + 0.012 0.060 + 0.009 0.057 = 0.010
Lung 0.310 + 0.012 0.319 = 0.011 0.332 * 0.045 0.302 = 0.020
Heart 0.291 = 0.015 0.296 + 0.019 0.297 = 0.015 0.294 + 0.016
Spleen 0.187 + 0.004 0.193 = 0.010 0.188 + 0.007 0.180 = 0.008
Liver 2.428 + 0.078 2.330 = 0.061* 2.335 = 0.069° 2.339 + 0.062°
Adrenal 0.012 + 0.002 0.012 = 0.003 0.011 = 0.001 0.012 = 0.002
Kidney - 0.605 = 0,041 0.590 = 0.030 0.597 = 0.014 0.621 = 0.022
Testis 0.976 + 0.033 0.955 = 0.044 0.981 + 0.040 1.001 = 0.042

Each value represents the meanzS.D.

%, s%: Significantly different from the control at p<0.05 and p<0.01, respectively

Table 7  Organ weight of female rats fed diet containing magnesium chloride for 90 days

Dose level (%) 0 0.1 0.5 2.5

No. of animals 10 10 10 10

Body weight (g) 170.8 = 6.76 171.8 + 5.45 171.1 + 12.82 170.3 + 6.81

Absolute (g)
Brain 1.762 = 0.047 1,748 = 0.032 1.738 + 0.036 1.737 = 0.065
Thymus 0.169 = 0.021 0.158 = 0.014 0.163 = 0.023 0.156 + 0.007
Lung 0.729 = 0.028 0.696 = 0,034 0.724 = 0.089 0.664 = 0.056
Heart 0.575 = 0.037 0.565 = 0.032 0.562 = 0.053 0.595 = 0.025
Spleen 0.384 = 0.031 0.369 = 0.030 0.362 = 0.024 0.358 = 0.024
Liver 3.766 + 0.195 3.581 + 0.121 3.607 = 0.238 3.508 + 0.184"
Adrenal 0.040 = 0.008 0.035 = 0.007 0.039 = 0.007 0.036 + 0.006
Kidney 1.069 + 0.051 1.059 + 0.065 1.065 = 0.085 1.077 = 0.060
Relative (g/100g B.W.)

' Brain 1.033 = 0.051 1.018 = 0.031 1.021 = 0.085 1.021 = 0.035
Thymus 0.099 = 0.013 0.092 = 0.008 0.095 = 0.011 0.092 = 0.004
Lung 0.427 = 0.026 0.405 = 0.021 0.430 + 0.098 0.390 = 0.025
Heart 0.337 = 0.024 0.329 + 0.022 0.329 = 0.019 0.349 = 0.012
Spleen 0.225 = 0.016 0.215 = 0.019 0.212 + 0.014 0.211 + 0.014
Liver 2.207 = 0.119 2.087 + 0.108 2.113 = 0.112 2.060 = 0.057°
Adrenal 0.023 = 0.004 0.020 = 0.004 0.023 * 0.006 0.021 = 0.004
Kidney ~0.626 = 0,019 0.617 + 0.043 0.622 = 0.025 0.633 = 0.024

Each value represents the meansS.D.

%, *%: Significantly different from the control at p<0.05 and p<0.01, respectively
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Curcuma BHEY) OFEEIZEE § A H1%E
7 23 AR R R EBRG R RSOV T

fRHE B
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Wt (EaAR) BE - RERE - OS>

Study on the characterizations of genus Curcuma plants
On the strains of C. longa L. and C. aromatica Salisb preserved at Izu station of NIHS

Osamu lida*, Mareshige Kohjyouma, Shigeki Katsuki,
Shiho Sakamoto (nee Sasaki), Tamio Maitani, Takashi Watanabe*

To clarify the characteristics of genus Curcuma plants, we studied the properties of six strains of Curcuma
longa L. and two strains of C. aromatica Salisb. preserved at Izu Experimental Station for Medicinal Plants of
National Institute of Health Sciences. Six strains of C. longa were classified into three types according to mor-
phological characteristics, rhizome production, and differences in curcuminoid content of rhizome. The curcumi-
noid content of the rhizomes in each strain ranged from 2.20mg/g to 55.23mg/g. Strains showing a high curcumi-
noid content had a low rhizome yield. No difference was observed between two strains of C. aromatica in terms
of morphological characteristics. C. longa can be easily distinguished by differences in the development of

tuberous roots and the color of the rhizome cross section.

Keywords: Curcuma longa L., Curcuma aromatica Salisb., curcuminoid content, strain, characterization

Curcuma BHEPIIBT 7 V7 20, eI Y O{KH#
W, A—ZA P TAEICEEY L, BH, &8, FEH
SHICRBERELTL I TS, ERHLLT,
LAETRET=EXEBFRERFD 2H Y 2 (Curcuma
zedoaria Rosc.) 7%, F7:HARERHIVEESRED cvary
(Curcuma longaL.) D’FNFRPNEHENT WA, TV v,
v aOEANFEEL, B rERERRRETELL
THTDRTELRY B, EEOREERIH, vavid
MBUES F CHEDLED o TETWSY,

CurcumalBiZ, S0FES 370D L L vbhTWAH,
ERIAHEBbhs, KEEYIIRTICIIEEEI R,
FHEEMO LT MY FN LR EZAT ) CRERELED

A, MAELTS ZREOKSHRLLIS, Ho Y BFT4E
WEHEHFEICX ), HPEORERUERBREEZERLTY
5,

FHOD T Curcuma BHE OFFELHO 2 ICL LS &
LTEY, FEBEYOENERERL -0, BHELTO
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4%1&&0“*&%@&%1‘&%%‘ FEITI L EL.
Flz, BELEF, FYavo &0'7:1/” DHERE I
#¢ iﬁ‘éﬁ’%ﬁ%%vﬁﬁi L7z, ¥/, BT EEREYHE
RERECREIE SR TWE Y avizonTid, Bz sh
T3 12, 40, FEEREDIRERBESCRELTYS
TAYRUENVTILIZONT, HEE, EEERUR
EEFHRSEELAETL, FBEERELE.

REMEARUAE
1. #  #
FPLEAEORERBRETRELTYWS Y2 (C
longa L.) 6%fK RU/NNV a2 (C. aromatica Salisb.) 2
FHEERVZ. R RUKE % Table 11ZRT

2. IREBLOEIF

RELLILO, H—SNFMREHSR O 2D
CITRUTOE I RS LI.

fEfR%E (A T ; seed rhizome) . KRELFEOL®, ¥
FOFFETIE, TROEREMNES/ TL LTHVWLRA.

F4iRE (bulbous rhizome) : EFWHICHEA EhHER
L7z, ERzROIMBOIRE.

—XMIBE (fingered rhizome) : FWENIPSLEELZ,
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W E T VIR, MEREBEZAAMEORE S H I0BERTF—RERED
TORMIABE (second fingered rhizome) | —XKEBEDNH R 6 20 D& 4032 DWW TIT o 2. SMBR#IZH EER
SEIRER D VIRE, RUBREDERAXTITO R, 27,

"Table 1. Introduction records of investigated strains of
Curcuma longa L. and C. aromatica Salisb.

Strain Source Introduced date

C.longa L.

Tanegashima (TN) Japan Apr.1960

Takeda (TK) Japan Jan.1948

Java No.1 (JV1) Indonesia Mar.1962

JavaNo.2 (JV2) Indonesia Mar.1962

India (IN) India Jan.1959

Sumatra (SM) Indonesia Apr.1971
C. aromatica Salisb.

Takeda No.1 (Tal) Japan Mar.1968

Takeda No.2 (Ta2) Japan Mar.1968

3. HIEHE

19974E5 A 13 HICHE A £ %, 5 80cm, i 25cm D3
HIBERE T, ZGEDGICHIZfHiT /2. EEE (10aX7/2h)
1, JEHE& LCHEAR 2,000kg, IBLAAEH (BF, BEER
UCIMBOZRSTE10%) 62.5kg, BRELTTA1HIZIB
{L R 30kg, 9 A 11 BIZ[EIEH 60kg R L 7.

4. F &

A EL, FHRE, —RARERTTRARED 3N
POPBEN, SMAKZIREZRKE DIcEh 251,
30M8, 2SMEEHZ AT, SMAKIIEEES L L d o7
720, EREOAT20MHV. B4 EE LABEDE
LB EARTE % Table 2 (2R L 72,

Table 2. Fresh weight of the seed rhizomes
Seed thizome (g fresh weight)

Strain Bulbous Fingered Second fingered
rhizome rhizome rhizome
™™ 57~113 33~65 23~33
K 53~104 29~47 18~29
JV1 82~151 35~55 23~32
V2 75~126 33~68 21~31
IN 45~68 30~65 16~26
SM Not measured
Tal 31~109 39~67 16~25
Ta2 36~111 41~77 20~29

SR, SEMOERY U CERETTo 2. #E
AAATIE, 1110~ 12812, A EA—KREHRED 204k
IZD2WTITY, BEERAR11B17~26H12, Hi4E

UUHE L2 iREEIKEEL, BRIV oESICHYY LT, B
SLe#—r A BRI L2k, 40°C T 24 RpRIR ISz
27V, GEREELHIE LA RS R I I
ZELIERNC, 2B 10BICERMEI~ 4L DFEL, Kk,
B0k, H2r ABBHTRERTLL, £0%40TCTT24
BRIz T o 7o,

5. RAEE
(1) 3

SATiE, v areRH (TNTKJIVLIV2INSM) Fh &
hoffif4 €, ERERVAREIZOVWT T4, 707 3
¥ curcumin, 7 X M¥ ¥ 7)Y I ¥ demethoxycurcumin, ¥
AT A MF LIV 3 7 bisdemethoxycurcumin @ HiEEZ F
W ariKid, HERESENYHEEZBELCTAFL
AR
(2) A

T b= MU FUMEFETIER (BRE@Eks o< M7
F7R). AF 7= AGHMELIRER REFR). €0
BAORER, WThOREER (WUELEIERH L
AR TR %, KIZIYQSP (FVRTH) TH
BWL2183MOQ - emBAEDb DR W, /2, 740
y—i3% 7V vy 74FH (fLIE0Sum, IVETH) *H
VAN
(3) %%

HPLC#1E | BHEE{EPTH LC-6A system (K> 7 LC-
6A2EH, YAFT LAY PU—F— . SCL-6A, Y THMK
Hig% . SPD-6AV, #7744t —T 2 I CTO-6A, *—t+A >
Jx s & — . SIL-6A). BN LIEREMREEE (PDA)
BV BERTELSPD-MI0A. 7' — ¥ LESEE | B Bi{enTal
C-R4A. I ML © SHARP %! ULTRASONIC CLEANER
UT-51N.

(4) HPLC 4%t

# 7 4 . Inettsil ODS-3 (4.6mm id. x 250mm, ¥—IT )
AT AR, AT LIREE 40C. BEHE Ali=TL
b= bUN /KRB 70 F OBERE=550450./ 1, BifL
=7 b PYRNERHOEZLTOS S5V M 0~
1047, 0%B ; 10~40%, 0—100%B (&I

k) ; 40~55%F, 100% B. ¥ : 1.0ml./ min. RHE
£ 4200m H 5\ id 254nm F 7213 200 — 600nm. TEAR :
20ul.

(5) BFRST

TaAVHE ($25g) F, NFH 2 100ml T2EBELL
otk FREEERRE TV 100mI C3EIM L, B F
M E R, ZOREEFE6IZA S/ — )V 100ml T3 [E
M L7, BohiAy 7 — LiHBTUI oW CRIE TIEL
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EEL, THICKSOmIZMABELA-bD%, BERET
F50ml TI3EH Lz, BONTEERIFVER, X0
FEER = F VI E SO ERETREZ T E L, BB T
VES (#1g) 2137 BREETTFIVESIZDOWT, YU
Fvhshruw b rs74— (R, BT FL) &
CravBRBlryrsyvra< b 7o 74— (BRI,
ruukiVh LAY —=30 1) ICXLGHEITY, I,
I, IMOME G 2B, EES2LOFHERKITED, I
(120mg), 1 (42mg), II (36mg) %{F7:. Th o, B
#H]1¥ OHPLC DRFEMIS, FhFhILI I Y (1),
FAVERIINZIY (), EAFA XV 2SI Y
() :EESh.

(6) HAARDVERL

EE (5) THEELZL IO, MZZFhFRsSmg DR
Z8Y, A%/ —VCERICIOm &L, #h2h0.5mg,/
ml DFEHEFR E L7, JEEERE X ¥/ —VTIHRAR
L, 0.1, 0.05, 001, 0.005, 0.00lmg.” mlDFHF AL
oo BEHEW0UIZOWT ER (4) IZHEVHPLC 24TV,
Bohi¥—rEE» OBREREZER L.

() varywEFo0L I, MOFH

1) REREHOFE

£ 2 T 25mg % F VEAT & Pyrex BEABRE ICEMICE
DELY, A% —)V10ml FIEREICINA 7. 105 BT
W % To 728, 74Ny —%EL72b D% HPLC HIRER
WiE L7z,

2) L I, MIOEE

1) THRELA-FRBRERE, EEL 4) OLFTHPLC
SMEAT, Bohl, I, MOFE—-sEErS, R
(6) IREVH LD UDER LIEREHVERE L.

BRRUEBE

1. Bt

HEER 8 R DT % Table 31278 L7z, M E#E (3%,
EOKRESRUH EIAEAKE) TN, TK, IVIRTIV2
REL, NRFEIZNEDolz., Nvo a2y (Tal, Ta2)
X EOHRETH o7, HTHEETIE, HEOHEOBAS
#EE (TN, TK, JV1, IV2), #EE~BfE (IN), %
fBa~18f (SM), BTt (Tal, Ta2) 25T 5Nz, HR
(B54E4) OFEIZ, Iy TiELRL, "y arvitik
H\v, HESNIREOTEHRE [ IREOAMKE]IE, IN
WErofz, Fio, SMiE, INIZBIZZENY £ T THDBLS,
WMEOKTITESR 2 ERMELLY, INLIIRLZLF
Hxmwli,

UEo k5 icmkoRE» S5, va YIiE TN, TK,
IWIRTIV2OERFEANTITHELL, IN & SMAFKIT VT
NEDRRD3IF A TIIHT ORI, NV T D25
BERFEMLTWA, T, ERE#oft, ~rvarid
EOBRMICHEZAL, BEORRIIERE S LI LA
BRI, vaVERFITAI LA TH 7.

Table 3. Characteristics of six strains of Curcuma longa L. and two strains of C. aromatica Salisb.

Strain
Character ™ TK Vi V2 IN SM Tal Ta2

Plant type erect erect erect erect erect erect erect erect
Plant height (cm) 131£12 129112 130£10 125+10 99410 - 11713 10513
Leaf length  (cm) 95:£8 95+7 95+6 9147 7547 - 85+6 81+4
Leaf width (cm) 211 21£1 21+2 2142 19£1 - 2242 2143
Leaf color green green green green green green green green
(Upper surface)
Leaf color yellowish yellowish yellowish yellowish yellowish yellowish yellowish yellowish
(Lower surface) green green green green green green green green
Fresh weight of aerial 8371177 8331199 937+£319 799+ 181 415+99 - 6731204 541119
part per plant  (g)
Number of bulbous 3.0+0.6 36£09 32408 32408 37412 47+15 41x0.7 42112
rhizomes per plant
Color of rhizome surface yellowish yellowish yellowish yellowish yellowish pale pale pale

orange orange orange orange brown orange yellow yellow
Color of rhizome cross yellowish yellowish yellowish yellowish yellowish orange pale orange bright bright
section orange orange orange orange ~~orange ~orange yellow yellow
Tuberous root few few few few few few a few afew
F.W.* of bulbous thizomes / 0.57 047 0.51 0.52 0.96 - 045 0.40
F.W. of fingered rhizomes

Each value represents the mean %= S.D. of 20 plants.
YFresh weight
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Table 4. Effect of the seed rhizome on the rhizome yield per plant and the rate of increase of yield to the seed

Bulbous rhizome Yield Rate of Fingered rthizome Yield Rate of Second fingered Yield Rate of
Strain as seed increase as seed increase rhizome as seed increase
(gfreshwi) (g fresh wt/plant) (gfreshwt) (g fresh wt/plant) (gfreshwt) (g fresh wt/plant)
™ 771429 576241783 747 486173 44074902 9.07 23.740.5 392.1£100.0 16.54
(36.7) (36.4) (31.9)
TX 712463 553241303 717 38.9+4.4 497.7+1126 12.79 239410 4862+90.5 2034
G357 @1 322)
i 83.644.6 756.62176.5 8.54 472146 50724139.1 10.75 26017 396.71100.8 1526
(34.0) (338) . (382)
wm 830452 601.11143.8 724 47.115.7 468341306 9.94 243£1.1 358.6179.7 14.76
(38.5) (34.3) 35.7)
N 613136 344.7£76.6 562 43.617.7 30464613 6.99 234115 26424523 129
(48.9) (49.0) (53.4)
Tal 50.9+133 694.94306.5 13.65 503162 606.0£179.0 12,05 20.1%24 540.7£105.4 26.90
(282) (31.2) (234)
Ta2 $8.1%113 614.14145.1 10.57 533459 675.9+189.7 12.68 23.1420 519841270 22.50
(21) (286) (279) '

Each value represents the mean £ S.D. of 10 and 20 plants.

ge of the bulbous rhi

Values in parentheses are p

2. IREDEEN

A TR, 1RRY /- DIRELEER % Table 41277 L
7o, SERMICRELERIE, Ny ardtyarithRk
L, vaREMTIRINDG/ NS o7, 72, SMIZIN
R, WEEERIINSVWI EAFBEEN.

WELERE, BTN EREOBIIRIAEL, BT
—RMRE, ZAHREDETH 7. THHDERITIT,
BATE LTORELRRY LEEEORVOE I
LTwhEEbha,

—7%, A TERIINTHEEYOMMEIL, H1EH
TRAMEDORIZELEL, UT—RURE, EHEOMN
Thot:. LEEHMBEOMMIIZLREICHEBEL THLR,
ALY OBMEBIZY I ITHREL, I v RE
HTILINDEA o 72,

3. RO

T3 Y 6L, 3DDRKBRFDLES S 2DIFHT
EHZENHLNEL o7 (Table5). T4hbb, (A) 3
DOBERGT D) bIOHENEFEBIZEVLO (TN, TK,
WIRTIV2OEF74) RU (B) 3 0DBERSFDILEH
FEFITHEVD D (IN & SMAK) THhbH. Fig. LIZAERFE
L TTNFZHE & INFHKD 4200m K UF254nm Tl b iz 2 0
b LERLE. 512 (B) ORETIZ (A) 2l
IENEMDOBELFEFIISC, (A) KEFSIRHEHD
i1 EDFS5HE 1(A)7.62~12.79 mg/g, (B):25.14~55.23 mg/gl,
FHERTAREDOH 105L V2 {(A)2.20~4.98 mg/g,
(B):25.90~49.60 mg/gl ASEFhTw/:.
EFRFOREIZOWT, 1, I, LI DER T I IEL
L7223, SMEBREVWThLEAETPOEEIELH
{, ERELURESOELRIZIZIZARECH /. SM

TRERECOFEIEIEL, AT LHAREOGEN
BIZEIRETH 7. T2, wTFhoREHzowTd, I,

Table 1. Curcuminoid content (mg - g! dry weight) in
the rhizomes of six strains of Curcuma longa L.

Strain Part |® n» i §+1E+

m/g m/g me/g re/g

Seed rhizome 7.92 1.99 0.84 10.75

TN  Newbulbousrhis®  1.53 0.50 0.17 2.20
New fingered this®  1.64 0.43 0.17 224

Seed rhizome 9.55 231 0.93 12,79

TK  New bulbous rhis 222 0.69 0.27 3.18
New fingered rhi.s 233 0.60 0.23 3.16

Seed rhizome 5.84 1.83 0.57 8.24

JV1I  New bulbous rhi.s 3.12 0.94 0.37 4.44
New fingered rhi.s 2.83 0.72 0.30 3.85

Seed rhizome 533 1.86 0.43 7.62

JV2  New bulbous rhis 3.52 1.08 0.38 4.98
New fingered rhis 2.52 0.65 0.28 345

Seed rhizome 24.64 14.18 16.41 55.23

IN  Newbubbousrhis 15.75 9.41 12.26 37.42
New fingered rhis 11.00 6.74 8.88 26.62

Seed rhizome 14.61 5.50 5.03 25.14

SM  New bulbous rhi s 27.25 12.15 10.21 49.60
New fingeredthis  14.01 6.86 5.03 25.90

¥ | : curcumin, ®1l : demethoxycurcumin, ¢!l : bisdemethoxycurcumin,
9 New bulbous rhizomes, ® New fingered rhizomes
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Strain TN

) : 420 nm

254 nm

2 PSSO NN O

Seed rhizome New bulb. rhi.? New fin. rhi.b

Strain I N

i 420 nm

%

254 nm
Aﬂ_4h&_AM JJ N
bR BB DO SOV S o
Seed rhizome New bulb. rhi. New fin. rhi.

Fig. 1 HPLC chromatograms of curcuminoid in the rhizomes of strain TN (left) and IN (right) of Curcuma longa L.

monitored at 420nm (upper) and 254 nm (lower)

I, IT and III in the figures show curcumin, demethoxycurcumin and bisdemetoxycurcumin, respectively.

2) New burbous rhizome, ® New fingered rhizome
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ERIALNE ol T, vavENLYIDOEE
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Hoi:.

AHFEORON/HHAD Y 2 7 RFICB T HERIFE
BEh, YaVORROEHMENIRE SN, FFEEE
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W - EROBEBEEICOWVTS 5K L,

Curcuma BHEWIL, EIATIIE{EET LI LIIR{,
EHHEOZERE, BROERIKFET . Z07zH, iy
BORRELFARDICE, ZLOHKR, BHREZHIMEZI
KT LUEND DY, BEEN»SOBEOBEAIHEEL
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Characteristics of Papaver somniferum L. cv. Ikkanshu cultivated in Izu

Osamu lida*, Tsutomu Sekine ,Osamu Inoue, Kayo Yoshimatsu and Koichiro Shimomura

The seeds of Papaver somniferum L. cv. Ikkanshu were sown in November (Autumn sowing: AS) and March
(Spring sowing: SS) in a field at Izu Experimental Station for Medicinal Plants of National Institute of Health
Sciences, and both AS and SS plants were cultivated to investigate their growth, opium yield and alkaloid content
in the opium. Growing periods from the sowing to the opium harvest were approximately six months for AS plants
and three months for SS plants. Sizes of plants and capsules in AS were bigger than those in SS, reflecting their
growth period. Opium yields per an are in AS and SS were 212.09g and 142.03g, respectively. The opium was able
to be collected four times in the AS plants though the SS plants ceased to exude opium after the second incision.
Therefore higher yield of opium in AS plants seems to be attributed to an amount of opium in the third and fourth
incision. Average morphine content in the total opium was 15.61% in AS plants and 15.04% in SS plants, and the
estimated amounts of morphine per an are in AS and SS plants were 33.16g and 21.38g, respectively.

Keywords: Papaver somniferum L., autumn sowing, spring sowing, opium yield, opium alkaloid content
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Table 1. Characteristics of Papaver somniferum L. sown in autumn and spring

Sowing  Plant height No. of leaves Maximum leaf Diameter of stem Capsule
season on stem Length Width Bottom Top Height Width
cm cm cm cm cm cm cm

Autumn®  138.915.1 9.611.8 31.7+2.9 22.9%2.1 26104 1.1x0.1 9.5+0.5 64104
Spring? 104.5+42 102+12 24.6+24 154+1.7 1.5+0.1 0.9+0.1 84105 5.61+0.5
Values are the mean of 20 plants + S.D..
* iSeeds were sown on November 17, 1995 and March 4, 1996.
Table 1. (continued)

Sowing  No. of ray Seeds/capsule Dry weight/plant

season  oncapsule  Number  Dry weight Leaves Stem Capsule? Root

g g g g g

Autumn 12.0£0.9 681514011 2.04+1.20 26.99%6.03 36.38+7.68 11.53+1.64 13.0913.24
Spring 124+09 6853%£2410 1.9710.69 12.18%+3.35 13.83+246 7.86%1.11 5.58+1.65

" Capsule with seeds.

250

p—y
wv
?

-—

Opium yield (g D.W./are)

Spring

Autumn
Sowing season

Mi1a” B1p B23 O2b
B3p K33 B4a B4p

Fig. 2. Opium yield (g dry weight / are) of Papaver
somniferum L. sown in autumn and spring

) Number represents incision order. azimmediate collection,
b:continuative collection.

Table 2. Number of total capsules and productive capsules per an are of
Papaver somniferum L. sown in autumn and spring

Sowing Total No. of No. of productive capsules

season  capsules 1st 2nd 3rd 4th
Autumn? 841 816 TI0 670 387
97.0) (91.6) (19.7) (46.0)
Spring® 861 824 592 0 0
95.7) (68.8) () ©)

Numbers in the parentheses indicate percentage of productive capsules to total

number of capsules.
* jsthe same as Table 1.
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Development of Domain Specific Search Engines

Takako Takai, Masahiko Tokunaga*!, Ken Maeda*? and Tsuguchika Kaminuma®*

As cyber space exploding in a pace that nobody has ever imagined, it becomes very important to search
cyber space efficiently and effectively. One solution to this problem is search engines. Already a lot of com-
mercial search engines have been put on the market. However these search engines respond with such cumber-
some results that domain specific experts can not tolerate. Using a dedicate hardware and a commercial software
called OpenText, we have tried to develop several domain specific search engines. These engines are for our
institute's Web contents, drugs, chemical safety, endocrine disruptors, and emergent response for chemical haz-

ard. These engines have been on our Web site for testing.

Keywords: full-text search engine, information retrieval, domain specific information
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Table 1. Domain specific search engines developed in this research.
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Table 2. Comparison between domain specific and commercial search
engines. Retrievals from Yahoo Japan (http://www.yahoo.co.jp/).
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Table 3. Comparison between domain specific and commercial search
engines. Retrievals from the drug information specific search engine
(http://search.nihs.co.jp:8010/drug-search/).
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Table 4. Examples of information sites selected by specialists, in the
case of the endocrine disruptor information specific search engine.
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Archives of Environmental Health Digital Maps and Their Delivery by the Internet

Tsuguchika Kaminuma¥, Noriko Kabuyama,
Mitsuharu Hayakawa* and Yasuhito Futatsuki*

Geographic Information System is becoming a very important tool for environmental health research. We
have produced various digital maps for different scales for different purposes. The burst of E.Coli O-157, distri-
bution of hazadarous chemicals in East Asia, and coastal resin pellets are some examples. It now becomes a
problem how to archive these digital maps and how to retrieve these maps according to user's request. We have
developed a computer system that can store various types of digital maps and can retrieve them from WWW
client machines. The key concept of this archive system is to classify every digital maps according to their region

of interest.

Keywords: GIS, Digital Map, Internet, Environmental Health
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Distribution and Origin of Plastic Resin Pellets as
Environmental Pollutants at the East China Sea Area

Tsuguchika Kaminuma®, Chiyoko Ohtake*, Noriko Kabuyama®

Plastic debris are important marine pollutants. Plastic debris consist of resin pellets and waste plastics. We
are particularly interested in resin pellets. We made field survey of resin pellets at nearly 400 sites in 200 beach-
es in Japan and neighboring countries. The pellets were found at all most all Japan coasts we surveyed and at
some beaches of Macao, Hong Kong, Xiamen, the north of Taipei, and Cheju Island in Korea. The number of
pellets was more than 1000 pieces per m? on the most abundant beach in Japan. Through further analysis using
GC/ECD, endocrine disrupting chemicals ,PCBs, DDTs, HCHs and Nonylphenol were detected in selected sam-
ples. Biota such as Bryozoa were observed on the surface of pellets washed up on the beaches in subtropical
areas. Pellets has been suspected to affect wildlife and human health, but we have no report on affection to

human.

Keywords: resin pellets, marine pollution, PCB, DDT
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Tablel Number of Beaches and Sites Surveyed

Pacific JapanSea Islandsin Nansei Other
Number Side Side Tokyo Islands  Countries Total
Beaches 49 58 4 52 48 211
Sites(include repetition ) 70 132 109 74 48 433
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Fig. 1 Distribution map of pellets washed un on the beaches of Japan and neighboring countries
Pellets were found on most beaches in Japan and neighboring countries. :
The number of pellets was more than 1000 per m? on the highest beach with the concentration
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HIEHEF COWRBEREHL, 25D 90 % AFE—FhE
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$170% Th oz, KFEFEMIZEEEL LTI PED
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7=, BEBALHEESAR, WiBiEE, EiTE, W
FHEERBIUTHIL - FEBTH o7,

@ Hltoxvy bk (VUEHR, KEOIHDE,
F{LT 2815, i) OE0HE, BXUHLoRE
HEwolk, B, MEER, NT7M4Thoz. I
NG ADRY y MIEFEISBL  FHICEREIVNE
W, HEOBELIZEH LW, IRARZ ML 5T,
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HHEEEDORV Y ML, BoO#EE, 1)V F Eo#
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Uy PO p-AFY BSOS ETIE, PCBIZ
BLT20REREEOEGE 2RO LE TS, YOO
Vv b5 L PCBs AR SN r:. BEBEIIBBES
DLy FH20.04ngg T, 2WTHEETE, KiBiER
AR, MEBREE, 7EAW, Adwikk, FHE, 5KE
DN E A o 72 (Table2, Fig2). HMBEEFOBEEOH
HIZAHTH 5.

DDTs D&EHE, 7TEAHDORL v FHT124.48ng/g & &5
{, REFEI<E, 741, FEI V94K, BERE,
FBILETH o7 (Table2, Fig3). IEELEDNL v b
IHHBRARELUTTH Y, IR 2EIRKEVIEND
Lo WA

HCHs D &5 Tid, HMEBDRV v FA70.52ng/g The d
B, BdiER, TEAT, MERBEONEICEY (Table2).
DDTsiZHR, FHEUSIEKE L TREIRY,
3232 SHMBROER

PCBELGOHIZIE, #4 BIERILROERENEGINT
BY, 72k ZITIUPACF » 75— #2831, #118% B Wit
#IB0DERARIIHMOFHMERL TS, XL v PORY
WAL BT =V DED—DIICREDEFIZLA L
Bbha, BBEIZN X, 2054 —, PCBEEZEY,
PeKiGR, BhzEdEiohs, b —23RBH%OR
BRUHTEELTITTRET Lo iFons., ks
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- Conc.(ng/g drywt)

PCBs in Pellets at 20 Sampling Sites
25.00
20.00
15.00
10.00 —
5.00
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S KN Nd NN A N\ SR VC- T, U= T CRET I SR . . SR .
DRI c}"?\o e S o S
L \y@\?(\%&?'o.&t}«&io& & E T a0 9‘\@ N &L \-\\<\°0~{\\° {_&9 %06 ,;z@%ob\
N > & 7Y ¢
\‘\o%‘ o“?&P& F e Laf @ ES LS FE S
& e & S T e R g
S & S O @ % T %
KGR NS ML o
Sampling Sites
% H.Hong et al. 1999

Fig. 2. PCBs Concentration in pellets washed up on the selected beaches
The highest PCBs concentration were found in the Kugenuma pellets. We don't know why it is high-

est.
* data from reference 16).

PCBs in Pellets at 20 Sampling Sites

Conc.(ng/g drywt)

Sampling Sites
* H.Hong et al. 1999

Fig. 3. DDTs Concentration in pellets washed up on the selected beaches
The highest concentration is the pellets on Xiamen beaches and after that the Hongkong beach. Some
DDT might be released in this sea area from the near by land, which can be confirmed by Hong's data.

* data from reference 16).
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MEORE T — s H i, RELERFEZEETSZL
BEHETHEH, FELL BNy —rhb, ELroi
EBIURAZMS>TWEIEFEZLNS,
DDTsILENHE X B L 7EA AL TIZDDT DR AT
fHEhs, FEISOWMAREY P OBEENE LD
Hy, £7, TEAAEBLI U FHOREDS b Ei
FEODDTs Dt S TH 19, KFTRL v PAOER
EOWFEINEZ 6ND, DDTO{ Y, DDEH X U°'DDD
IZoWVTIE, RIS VEBNDHL. TELHONR
L'y MIDDTs 259 5 DDEDEEH20% L 55<, KBy
EPNC L o TREBAERL, KPTRLy MIBRFLIEE
Aohd, BRE, f8iLE, b+, BFETIIDDDO
#HEHMDDE X V&<, LEEEYICLL08E, %D,
DDT I3 HIERTREER SN, Ry MIRF IR LE
Aohd., FHEILLHEHTETORERLV Y M, B
BRSO LRV Y FE2ELEATVWRL)THS.
HCH D 4 FEFID RO E LT, HFMHEORL v b
12y -HCHA75% % 5%, #BiEFE DY G113 « -HCHA
UM EEDTW, FMHEOARL vy MIIBRHFKS y -
HCHZ ERHII RV y MIEBEILREL-LEZ LN
5. y DARMIRFEL L L % o 2 FEIRE R 70% S5 D F LS
bIoEmicEEZOND, BBEE, TEATHE, «-
HCHMEERICKAL LRSI OB,
Hong 5 16 |2 X L, FNIERTH O HCH Rtttk gl &
3, BRI Lo TR DIELVDH DI, a iy 8
10-30 : 10-30 : 10-30 : 20-50C, KEFRHEOFT V& H R

RREVEHETHD., DRI OREPIIEEHESH
EDNEDBEER~T0%LHWVICTETREL RS,
Ly MIRF S/ HCHERPECTH R IEL LD,
SIHEBRLRTRUTERITILIEZERZOND. Lo
TONHEMRELBEOH ARV v M, BOELKEIC
whhTwicd, Bl E Tk Piid o RSN DH 5.
324 A

W OPDBBETRELIZRV Y P EREDD, T
HADOSIMS A2 To72. HEORL v &5 LK,
Y, RV MPETHA I L #HERL, THHESIHE
FIZE PR MUV THDZ Lhbh o7z (Figs-1).
FEONL v M, 228, 256, 282, 322, 338D —2 %
B 62> TV d, 228,256,282 D ¥ — 7 OFF R E I,
oleamide TH V), 322, 338D K — 7 {X erucamide TdhH - 7:.
E5IZBre+79, 814 LN A, 523, 551Cb ¥~ % 4F
2. ZhUERELRGTROWEIZH TR,
IHHZDOART M ViR, WhWAHFORYTFL v
DFFEEART PV, SLGTFROKELDOMboT
WHEATANTHL. FITIHEGELFIHD, NE
(FHRIMLTVERWERG) 2o L7#&R, BRoRy
FLEHERARY PR o7z, TOTENE, THE
e LTSN DERICIZEE, Biodxk ) &ET
HERESNhTHWL I LAHEETE S (Figd-1).

F 72, SIMSIZ & B40HTid, MBI 2RELEDH O
M, BEDOEY, a7 LA HHORELRES TS
H|ABONDLZ LHbhrol. Figd2 |IZBBERIZERL

Table 2 Concentration of PCBs, DDTs and HCHs in Pellets Washed up on the Beaches

PCBing/g
drywt) (O (3] € &) ()] ® 11 O (] (1) @ B ® ! ® o | @ ® @ ]
Hong Hong Kagoshi
Kong. |Hong Kong. Northan Okinawa| ma Oki L. Syonan
Macszo |Yuen Kong, Lantau | Xiamen| Taipei |Taipei |[Yonagu| Ishigaki Motobu | Tanegas|Kaimone| Hukue | Korea {Tsushim] Nishin |Ogasawara| Kugenu
IUPAC No.| City llong Lamma LI, City City _|City il 1 Kume |. Kikai 1. cho hima | ho I Cheiu |at Aren oshimal Chichifima ma
#28, #31 0.02 - .36 0.13 0.03 090 .36 0.08 .14 0.02 = 002 - - 0.05 0.54 72 .0! 008 0.55
#52 006 | 021 .39 0.08 - 038 .20 | 017 Al - - - - 0 015 ] 048 .90 .1 002 .98 _|
#3], #44 - - .17 - 003 014 C. - .0 - - 0.01 - 0! o = [ .04 - )
#70 004 044 .51 058 001 0.60 0.48 009 0! = ot 0.01 0.02 .0 b 4! 44 .1 -
#68 - - nd et - . 0.09 - 0 - = - - 0.1 - .3 .12 - - .

#91, #3935 .24 144 [] .5 040 - 0086 - 006 - 002 - - 0! .4 .36 = 0,02 00
#101 .12 0.27 8 [i] o1 0.13 ot 005 - 003 - 002 = Al .55 .61 0.12 0.02 09 _

#110, #7171 006 098 0: 1 0.29 031 025 | 008 - - - 005 - .1 0.34 48 | 0.8 - 200 ]

#118, #

144, 3149 | 030 27 25 [1F:1) 0.10 056 | 039 | O - - - - - - 027 |_085 0. 0.12 - 297 .
#153 - 24 b 048 084 064 | O 1 008 - 00s = - - - 0.5 0.4 - - 428
#138 = 70 0.77 0. 0.33 Q. 9 - - 00! - - - - .6 - - -

129, #126] 007 | 0.20 0. ) [ I 0 001 = 00. = = = = .0 = 001 475
#180 - - 0. . 30 0.08 04 0.08 - 0.04 - - Q01 - .10 = - 0.99
& - - 0.2 .01 0 - 0 - - - - - = - 0.05 .08 - - -
# - - 0.06 .07 - 0. - 00 = - - - - bt = = - - = -
# - - 0.1 - - 0 - - - - - = = - ot 0.02 = - = -
#19 - - 090! - 002 00! - - - - = - - - = = - - - -
#2001 = = = s bl b - - - - = = - - - - - - - =
|14 091 8.75 1099 424 411 496 | 583 | 443 | 076 0.08 022 006 009 030 | 092 | 524 901 | 073 0.15 20.04

DDTs(ng/g

dywt O ¥3) ©j @ &) ® @D (6] @ a QD @ @ | ® @ | @ ® &
OP"—DDE| 013 0.12 01 - 145 - - 001 = bl - 0.05 bt - 0: - - .0 = -
PP —DDE 35 059 87 on 25.17 0.03 0.01 - - - 0.10 - .10 - 0.11 002 02 el 0.19
OP'—DDD 41 - 24 .19 309 - 0.04 - 006 - 0.48 - 20 017 4 0.02 - .04 - 027
PP -DDD 15 009 87 .65 1.18 = 0.08 005 009 d 040 - .20 ot 4 0.14 0.05 .12 hd =
| OP"'—DDT 04 | 073 435 ] 110 - 0.28 - - - 098 - 0.50 - - 003 1 0.24 - .90

PP —=DDT .82 - 1780 4.56 2.51 045 103 007 023 0.13 237 009 150 0.70 _074_| 019 | 067 - .98
28 90_| 15 ]3304 | 684 (12448 048 | 144 1 013 | 038 013 431 014 | 250 | o087 4 [ 101 | 029 |10l 010 34

HCHs(ng/g

drywt) ® > ] @ (9] ® 0] & @ ] (1] (] @ @@ @ @ @ ® ® &
a—HCH - - - - on had b 001 = - el 0.03 - = - nd 003 - - 0.1
B8 ~HCH - - 003 001 - - - - - - - = = - - .01 - 003 - -
r —HCH - - nd - - - 0.01 = 002 el - - = 003 el .39 01 - - 0.
& —HCH 063 - - - 002 003 ~ - 001 - - - - - - 12 .03 - - 0.04

& 0.03 d 003 001 013 003 0.01 o 003 000 0.00 0.03 0.00 003 000 0.52 .07 003 000 0.34
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1.Standard Polyethylene

Counts
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£ LOE #1700

150

Mass({m/z)

Fig. 4-1. Spectrographs of new pallets and pallets in
Quindao by using SIMS
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33 BHE4EHEE FORERE

EYEREE, »20VIEKEREBIRLIOXV Y &
BRABRATVBZEPHLI IR oz, ZThHIZOVTIE
BELTCOAPEREFTEEIN TV IYEDOLEDWHE
Hixzrzohs, LaL, BEOPIIRLY b eRoTEH
D, BEEP A5 PCBB & UDDEXFIT s h7-FITh, *
NoMRLy bk DHh, MOBHEOENIZESH

b0
Mass (mvz]
CAPAHEALTH SCIENCEPLET C_P1.TDG + fons 80um 958564 cts

2.Hachijyo pellet with Bryozoa

Cants

Counts

Counts

Mass(m/z)

Fig. 4-2. Spectrographs of selected pallets washed up on
different beaches by using SIMS
One pellet found among the Kugenuma pellets was
polluted by chemicals which have a mass of 600-700,
and one the Tanegashima pellet was less polluted than
some of the others.
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Notes
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Studies on Procedure for Sample Preparation of Ellagic Acid in Several Kinds of Foodstuffs

Yoshiaki Amakura®, Mai Okada, Sumiko Tsuji and Yasuhide Tonogai

A sample preparation for ellagic acid in several kinds of foodstuffs, which is included in the List of
Existing Food Additives as natural antioxidants in Japan, functioning as an antioxidant, was studied. The solid
samples were refluxed with methanol, and then the extract was refined using a solid-phase cartridge. The liquid
samples were directly pretreated by solid-phase extraction. On the other hand, test solutions for cooking oils and
fats were inapplicable to solid-phase extraction in this work, because the recovery tests from samples spiked with
ellagic acid gave low recoveries. Consequently, they were prepared by modified frozen method using methanol
or acetonitrile-2-propanol-ethanol (2:1:1). The recoveries from tested foodstuffs spiked with ellagic acid (50
ug/g) were 75.2-96.9%. The limits of quantification for ellagic acid were 0.05 ¢g/g by the proposed method.

Keywords: ellagic acid, food analysis, frozen method, solid-phase extraction
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5. #oT, HHEHOLZVWHE, MIARDP TS VED
SHRENED OO, AHIRME LToER 4

# To whom correspondence should be addressed:

Yoshiaki Amakura; Hoenzaka 1-1-43, Chuo-ku, Osaka 540-
0006, Japan; Tel: 06-6941-1533; Fax: 06-6942-0716;
E-mail: amakura@nihs.go.jp

CBRoFRzAERE ), AnEELEETHS. 0
I RHERICETE, A|TREEARKPOL T FERGH
ELT, ZORBBFHOREEIIOVTREI T2 42D T
HwEYT 5.

o)

HO OH

HO 0
o)

Fig. 1. Structure of ellagic acid

XERAE

1. &8

AL, PERNFIZRKBRTNTHALLSY, Y
B A(T—VF, #¥a—Fvy, E=Fvy, EXAFF
F, xAFITFvY), =N, kE (REEEH,
FERHE, RIRRTERHE, FUERHE), &RWm (FY — 7,
T, IS, NZNFH), NS =R —H
RV,
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2. HERUHEK

g L T KA (min, 99.0 %) (FGHIZET
¥ () 2) BE{bERZRW.

BREW . 27 VB AN S6 mg 2KV r O L, =¥/
— NV EMATERMEIZS0m & L7z (29 7EE LT 1 mgml).
EUERE B A 5/ - VCHEERR L.

A=)y T H T 5 Sep-Pak® Plus tCI18 74— b v ¥
(ol & 900 mg, Waters#L$) % 2 ¥/ — W RUK% 10 ml
T7baryyF+ya=r 7 LERL.

Tbr= b, A%/ —NVIZHPLCH %, 20O
FIITRCRERBGEERA L.

3. HPLC#ERUBRIESM

(1) HPLC¥E

LC-10Advp (K> 7), SPD-MI0Avp (7 # M ¥4 4+ —F
T VA BHER), SCL-I0A (VAT A3y bu—F—),
CLASS-VP (VA5 4) (Blk, (%) Bad@iepri)

(2) #E&Ht

515 L . L-column™ ODS (F#£4.6 mm, £ X 250 mm,

KAES pum) (M) (LY MMAERER), #7240
FE:40TC, #&E . 1.0 mYmin, BEAE . 5 mmoll Y ¥FEZ
KEAY YL (pH25) —TEb=r)V (41:9), KEE
360 nm, JEAE : 10l

4. HeE TR

1) BHRRUESIHRE (v, Fy v, a—Zuh)

AH10gZHVLIHIL, A5/ —=N30mEHNAT3IH
BAEI A4 Xk, | BEREHEZITo 2. Mz e
#%58L, AHEIC10mOAENMZ, £210mliZ%25 T
WIEEHE L7z, EEIC 0.1 mol13EEE200 pl 2 N T, %
DB % Sep-Pak® Plus tC18 7 — b w JIZERT L, K10
ml CHEEL, A%/ —)V10 ml THEE L. BEHEEZRE
HER, X¥/—NVSmZERL, AVTIVT LN —
THBE%, ABERBREBWEE L.

2) WREE (B :

HKEB10g2FHEC LI L, 0.1 mol3EFEE200 1 N Z,
ZDEHL % Sep-Pak® Plus tC18 7 — M) v JIZEFL, XK
10 ml TS, A%/ — 10 ml THER L7z BHEER
FEREE, A/ —L5smilERL, A¥T50741L%
—T5Hf%k, AWEABRBHRE L,

3) AR

HKEHY20 gz LI L, FHEHIAR, 25—
50m%MZ Ty =—h— (KM-Shaker, 4 7 ¥%) TS5%
R & MR, 20~-5COGHHEET2REGEHEHT
5., LEESBL, 58B%, ASEEREREL, 25/ —
VMIOmUZERBL, AT I 74T —=THBHK, AT
wRERBEWE L.

4) Ny —, T—=H)

ABZH0TTMBRFEL, T0Hs5gxK O L,
EAHEF PV YLA10gRETEI=FY V- 2—F TN
J=N-xF/)—=NEHK 2:1:1) 50m=zMmz, 35
RETVFA X, SHHMBEEREL:. 20~-5CTOHE
HEE C2M RS EEIENC L D REESREZ T, 28%,
WERERFEL, 22/ —V10milERL, AV 75>
7 4NVY —THBERE, HEERBREHRL L.

5 BIBRUVEER

IS FEOEZIE, Y- OREERHRCT 7+ V(44
—F7LABRHMEBIZE Y, UVIRIRARY bV 2 EHEER
DFNEEERET LI LIZLDTo72. EEIZ360 nm
BT AE -2 EMEEHWYTHEMRERETITo 72,

BERRERUERE

1. i, BRAEOR

INRET, T SRRORREEE LT, AHREHICLS
W — WS EERRE SR T W78 25, 3l 12BnT,
FHRA—PY v I h L ERCE, AFELTS SR
OREEZREL, RERVREMNIHICOVTEDHA
PHE LA AETRAEBEZHALT, SEAMRAE~D
BHMEEZRE L, FTEKROEBERE (03, +v
JH, =TV E) IZonTiE, AiERS 2 EATAIE,
Thbbxy /) —VTIFEFET A X%, 1R
W EfTY, A=Yy VAT L HETHIO~97 %D
BIF2EUENEONZ ErSFNICiEo /2. R
(BRAL) 1, 3UH % B3 Sep-Pak® Plus tC18 1 — R 1) w ViC
WL, KRTHREHR, A5/ —LVTHERTLHETHL0
~90 % O RFRENEELFL. RICERHEKE>VWT, B
AR OBH Z e Lz, ARW20g 2 5WiEHCAR,
Ay =Ls50mEMR, SHHEz—A—ICLhiRE
BL, GEmHic X p R, ERickiomzmn:, &«
BEZH10mlil%e 5 TRIERHE L. T % Sep-Pak®
Plus tCI8 7 — b J v JICATT L, KTHhEHE, 25—
THH L. ToRE, BEREIZHNS0 % T, iRz
W2 LThH, TORIEOREEBBO LR L, o7, £C
T&TULAZOVWTHRE Y fTo7:. £0#%, #—FH
Uy PERTOBRBTHIO%D LS FEENFEIRE N TS
D, o TH—FY vy VRBEIZX HEREFET SETW
RIEHPHBLA. ChIEITEBEEHT AT BRI
hOEEERIANIR Y AT h, FORETH— Y v IR
BHL, A7/ - VvTCTREHSh ozl EV—HE
LCEZOND, ChOoHREEERL, 71— M) v VLHE
FRWiHE, ThbbAy ) —50mLTiEE S M,
HHGHCEVBEEL, EE2BHET2HETHE %L
FORRELE, TLIALBEOATTHAGHTRETD
HZENHBLAZOT, ThEERTLIIEICLA. RIZ
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Table 1. Recoveries and contents of ellagic scid in foodstuffs 2. %Dﬂ@ﬂﬁﬁ
Sample Added Found Recovery 5 7&@%&%& (1 mg/ml) %1{ ‘/’ + v \yﬁ’ 3
(ug/g) (ug/g) (%, mean + S.D., n=3) . . .
Bresd o e v0ss0 — 2V b, ERFEHZS00 pl, EREIZ I ml, /Y% —{2250 i,
g?t:d (and strawberry jam) 0 9.6 FhEEmML (%50 uglg '%K;‘H,)’ z;?f;:ﬁé\,\’ FwinmIY
et 5 si3 %694 50 REEERLAE TS, 763 ~ 969 %DEIREIYS L h s,
Macadamia aut 30 a7 925453 WE L Table 1\ Y., ¥7RKBEICBITHEERRIL, 005
50 49.6 968428 . .
Peanut 500 4?: 76.6+ 5.3 #g/g .( é 2 f‘.
Fistachio 50 ai 91.245.6
e % Ly 191522 3. BEARTOIS JERHME
. - e K0T, SHARTOLT FREHRM 7o
pple juice . s K
Dairy drink 50 us 77204 7:. ZDFER % Table 11T, &5, SREIOHFATIRE
Grape juice 500 42°:5‘ 307421 Fﬁ:lqja)l:i 7‘&li, /ff‘j“‘/"\'.z‘\/f‘/’ 4‘7‘le 3_7’
50 45.5 86.0% 1.8 - .
Green tea 500 4}106 9.2 5 2.0 )l/ ]‘ 72 &“f‘)\ % o)*ﬁﬂj ﬂ‘ 6 bi)’-’:) l ) ‘:, 3{%% (%%[Py
e BizRY —H, FyvE) HROGHESE LTRSS
Prune juice 50 HY) 867408 7-. .
Soda drink 0 ND
) 50 444 88.7423
Soft drink 500 ‘P;D7  eusent I m
Cooking oils
o o 4 D) BEHERE 1205 (1996). “BFRMYEL T
Olive oil 5: ‘?EDs 8362238 8 ﬁ:_ 4 H 16 B )
Seaame il 30 pecy 90.23.8 2) Bhargava, U. C. and Westfall, B. A.: J. Pharm. Sci., 57,
S— 5 412 94334 1674-1677 (1968).
Margarine 5 382 763 £42 3) Mandal, S. and Stoner, G. D.: Carcinogenesis, 11, 55-61
50 31.6 752452 (1990).
ND: Not detected (<0.05 ng/g) 4) Wood, A. W., Huang, M. T., Chang, R. L., Newmark, H. L.,
Table 1. Recoveries and contents of ellagic acid in foodstuffs Lehr, R. E., Yagi, H., Sayer, J. M., Jerina, D. M. and
Comney, A. H.: Proc. Natl. Acad. Sci. USA, 79, 5513-5517
. o e (1982).
NY =, =AY ZIEO0T, ARMICECTIRE L. 5) Amakura. Y., Okada, M., Tsuji, S. and Tonogai, Y.: Shokuhin
TPMBBFEFE IOV TR, BAMTRIABIERE A/ — Eiseigaku Zasshi (J. Food Hyg. Soc. Japan), 41, 206-211
VTHRETH o 725, Ny —DOEETRMBOXY /-l (2000) .
~OBIFNEL, BABIEECHo . 22T (72 6) Masuda, M.: Kagaku to Kogyo (Chemistry and Chemical
zad, S. , Le . . A., 741, 223-
EBEI, TERS ML - 2—Fa/ =28 ) — asse, romatosr
VIRHEL (2010 1) ToOMM, WAL BBIEEEE  g) Daniel, E. M., Krupnick, A. ., Heur, Y. -H., Blinzler, J. A.,
BL7-tZs, RALEHHT, S5I276%DEREE Nims, R. W. and Stroner, G. D.: J. Food Compos. Anal., 2,
BAHTEPME, A vy VOB, ERmE 338-349 (1989).
FEICEIROETHED SN, RUEI— Y 9 9) Mikam(?, E., Okada, Y.,' S?mma, M. and Ito, Y.: Nippon
I { TO SR TH o/ b hs, TEF= Y .(S'liz;;{;)hm Kagaku Gakkaishi (Jpn. J. Food Chem), 6, 38-42
V2= ) =) I¥ /) — )] 1 Py e s
2— 78 FOoNRRE 21D 0 M o) e, BAREE, ATHA, PREEST, B B

%, WHWHNC X B BRI TCITo /2.

MEAE A ORERIBMYSTEREE" T,
HEaRtk, 1992, p. 888-890.
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Validation of Simple Analytical Equipment for Arsenic

Tadashi Uchino?, Hiroshi Tokunaga and Masanori Ando

In order to improve the arsenic test method, we investigated the effect of temperature, solar light and mask-
ing ions on that test method. As the results, we found that the solar light gave the big damage to the colored
reaction on the method. In addition, on comparing the improved method with the arsenic test method of
Merckoquant® kit by using the water containing 0.01 ppm arsenic as the Japanese guideline for the drinking
water, the improved method gave the better analytical value than Merckoguant® kit that was not sufficiently

determined.

Keywords: arsenic, analysis, validation, Japanese guideline for drinking water

i C & (&

4R, REARMBOBTAFRAICL 2 e ZHRISERE
ECHEEZ->TBY, A Y FEBEXY T LVNTIR
1996 4E D F AR E C L FiG QbR A0 #9605 A
T, BEBLITFWHODEKHEKPDEE (As) DA F T
4 TH2%001l ppmPl EOKEEKHA LTS ANIZ1507
A, 17 FENOEHEXKFOLE (As) DXL FF4 T
H5005 ppm A EDOKEHRHALTWABAZ1I0AA, BEH
EERBEERDRAANERE SN, BAZRRICE>TWED,
1993FEICHEABEUWHODEE (As) OHF A FF A »Hf
EROLIICREINDIFY, LEOSAEEIER

RELTO00l ppmATERENDLZ Lz o722 3, BES
DERETREM T b DL LTICP-MASS % % Efiss
FFENDH DD, THhORBARBIRTIE LEROESESTT
BRIREFZHE~OAL V7 SEHPREM TR TETVE
WzbIZIZE A LRI TH S, £ THELIRS
rHVTICHEAICERICHETE 2 e RBHTITEREDN
VF—=2a V) o0 ERELTAI LKL,
o TW5., FHMAFEE LTI, 'y FY 74 MED I2#T
CHEIFRBLEZONLD, HERIIEDLRTWALHE
RExE:S ORBEREIE (ZRMEeF L LT) 0.05 ppmiZHE
Thb., FITIYVERELZRRELERT L0 #E

# To whom correspondence should be addressed:

Tadashi Uchino; Kamiyoga 1-18-1, Setagaya, Tokyo 158-8501,
Japan; Tel: 03-3700-1141; Fax: 03-3700-6950

E-mail: uchino@nihs.go.jp

AREOYR (BEBECHRRRE) 21TV, TOREERRF
RRIGEE, B, EAF L LTELLNIHLED
REERE L, BCTRO e EMSHERICL 5 HE
{Merckoquant®) & DHE%Z{To 7z,

EBRAE

RE I KIELTIVQKEL, ERE, WEIXAEZERER
EHZHW, BeFRES WK, e FEHE01Ippb LT)
IZEELZE (k) BERAvy, MerckoquantR ¥ v M AN 7
Txy (B BEHw FothoREXETHRRE
(BR) 8% Hwr-.

ERIZEER  ZBRbeExonke L, 0
0.100g ZHARICE D, KEEEF FPY 74 1g%K5 ml 2
APL7Z) SsmUZED» L. CORICHERBETMA Thits
L, BICAHEE10 ml2:EBML, KEMA TEMIZ 1000 ml
L7

EFEEER . CREERE I m X ERICED, AHER
mEMA, KEMATEREIZI00m &L, ZhaxHEIIH
L T0.002-0.1 mg/ mI DFEW AT L - (FFFRE.

BiEE

1. SRECHERBRE

RIS BREBERER e ZRBREOLKBATHER
L, 77 AN DL D IFEVRTWEEREZ R, AF
RECHLRMAEZAKROBHEEZ RS T-OICRILES
KDY A4 X% /HMELL (10 mm X 10 mm), BAFIR
FTEIREBAZHCIHEH U TRRE T2, 428
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HEBEATHVA2HERE BREAERERF A TRIEATS
GHI LR hol2ds, BEEBZHWLFEIZES, KREH
RRE, FREEHEEATILEN ki R Hh
HIOHETLEIRL.

FAEMIC L EEER20 ml ZIERICMA, BicHD /i
BEsmBLOTIIEA Y T LRIES ml 20X T2-350K
Bk, BICEHEEAE—AXRAES m 22X, FRET
107 FMRE L7z, RICKEMAT40ml & L, ELFEESS
ez, EHICEBEZEE L TARERERICMT,
B5CHRPICHEOFE T TRL, 1HEEIER, BEbIC
BAbE RO EREIE L.

2. Merckoquant® ¥ v MMZ& 3 HE

BERICCFIZER 20 ml Z EMICMA, FICRE (&
LHEES) Xy MIEOFES LINFBLURE2 (32%
RS 1002 M2 TREMEZLAALELZ LD, BL
ORI, J0FHERBUER, EHIKIZOW, EED
KEsE Lo, RBREKOBTEIEL.

SEMEH: B TITY, — (B), £ (hT2h#t
), + (OTvER), ++ (#E), +++ (HER)
DSEERECRMmL 7.

L5 3

1. REBEROBIE

0-0.1 ppm @ b FAEHET £ 20 mI BAFEISIMA, HRHETE
FUFELE A, Table LIZFRT I HICHMBREIT 8
ke & LT) 0005 ppm & 2 miMZ 7-BED+3D— & 7%

Table 1. Effect of arsenite concentration on the color of HgBr» test
strip

The color of HgBr2 test strip: — white, £ slight yellow, +
light yellow, + + yellow, + -+ + yellow-blown. Standard

sample of arsenite was measured at 25 C.

Arsenite concentration| Sample volume 2 ml | Sample volume 20 m! | .
(ppm) (UP method) (improved method):
0 - -
0.001 -
0.002 -
0.005 +
0.01 - +
0.05 + ++
0.1 + +++
0.5 ++
1 +++

270, WEEIE R LENELELT o AR RTHE D
BETRELNTIENAONLDOD, HEDFEDD L
) BHELERRD R h o1

2. REREDEE

0.005 ppm ? &AM & FEAEHICINR, RIDIREE % 20-
ST LEE, BoOZELEHEL/z. 3I5TTHET R
B R ABERMRONIS DD, Table 21ZRT &) IZHFH
LREBEROh o7,

Reaction temperature(C) Color
20 +
25 +
35 -
45 +

Table 2. Effect of arsenite reaction temperature on color of HgBr; test
strip
Standard sample of arsenite (0.005 ppm) was measured at 25
C. The color of HgBry test strip: & slight yellow.

3. X%
0.005 ppm X 1% 0.05 ppm D b FHEHER %+ Fe R IZIM R,

Irradiation Arsenite 0.005 ppm Arsenite 0.05 ppm |
time{min) !
! dark | roomlight | solarlight | dark | roomlight | solarlight .
' (fluorescent (pm1, (fluorescent (Pm O,
| lighty  [10/28,1999) light)  |10/29,1999)
i o + + + ++ +4 o
( |
| 5 + + - ++ ++ +
10 + + - ++ ++ +
30 + + ++ | +4
60 -
Table 3.  Effect of light on color of HgBr; test strip

The color of HgBr2 test strip: — white, £ slight yellow, +
light yellow, -+ + yellow.
Standard sample of arsenite was measured at 25 C.
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RIGBE25 CTHER, SML (BALT) XRKEL
(19994F 10 A 28 B4 | BRI G F4ER A 29 B4 0k
Ak, Bh) CRAOSHEZL, RENB LUERNT
DAL E L7z, Table 3137 T & 5 IZREFT T2 304379
BEHDIFLALBEIRONE 270K L, KX
TRERMHIBENEI D, ©FE0.005 ppmFEET TiES
LA, 005 ppm FET TR 100 BETIZE A BB L.
ZEARKTIZ005 ppmFFAE T TR I0FHREHZRDIZLAL
BEMNELNL D o725, 0.005 ppmFEE T Tid 30 5K
BEHRIRE LIGY, 07BRERZICIIEEIRA L.

4. FHEESR B UL OB E
BTRPICHBHECHEETAILFALATWDET
DB RE T 5 72O RS ALk % 1-50 ppm & &
0.005 ppm O b FERER & BAERICMZ, RIGEE25TT
WEL, ThoZEILWIEEGEHELL. Table 412777
) ICHESkTIIEE LB bE e o 72, HRALETIX S50
ppmFLETCEEIGERL, HEMSR LN,

Concentration Fe(NO,}, FeS
(ppm)
0 = +
1 +
5 + +
10 + +
50 + -

Table 4. Effect of Fe(NO3); and FeS concentration on the color of
HgBr test strip
The color of HgBr; test strip: — white, = slight yellow.
Standard sample of arsenite (0.005 ppm) was measured at 25 C.

5. Merckoquant® ¥ v MI&X 27K E DR
0-0.1 ppm ) & FIEHE T % Merckoquant® ¥ v P THIE L,
BREERZHEL L T A, Table 513RT & 9 ITHRHBR
i (ZEMEeFE L LT) 005 ppmTh o7z, BEELHER
BECL 0L 0MEEE R 25, Merckoquant®
vy MIBBRECERBEO=ZSO—REORE LI LWV
ZEPHLPE Lo,

Arsenite concentration Improved method Merckoquant® kit
(ppm)
0 ’ - -
B 0.005 +
0.01 + -
0.05 i ++ +
0.1 +++ +

Table 5. Relationship between improved method and Merckquant® kit
The color of HgBr; test strip: ~ white, £ slight yellow, ++
yellow, +++ yellow-blown.

Standard sample of arsenite was measured at 25 C.

TEHEEE

DEDOHERE»S, BERBIUPWHODH A K4 »%if
RTRBEFERT L LATTEL, RREBRETIE, KXFE
KDREIR LML, B TREeErBEsI s, 74
=V FREATIIRIDHETRE S ICRE 21TV, RERKICI
AREUTHEVWI EHRPLETHY, iy IvdhoeH
BE (EEbeEL L) PREEAFEDOSREICITES
LRtTWwoTEREMNLETH L. RInRECELTCdb2
CEL20CUETHNAEREBIZIILALERIEILZL, £k
SHOREAMIRTIE 74—V FRETLIZLALHE IR 2
wekBbha, —F, HLBRLECREBEIIILALR
bhrwboo, EigkE (50 ppmil k) TRITESROGR
LDOTEEIFLETHA.

MerckoquantR ¥ v M L B2 FEL OB E{To7- L T
5, Z0Fy NIV Y TIVEDEVEER L THERREE
DZFD—RBEORELI2L, COFFTIFAFIA
ERELE RV, ERORBRIZHVL I Y TIVEDH
M Iy Vo SRRV LEERDbNRS,

X 78
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The Status of NIHS Information and Computing Infrastructure (NICI)

Kotoko Nakata®, Tatsuya Nakano, Takako Takai, Kei Komine and Tsuguchika Kaminuma

From 1999 to 2000, NIHS Information and Computing Infrastructure (NICI) were newly renovated. The
purposes of the renovation are (1) the improvement of the communication for business works in NIHS, (2) sup-
porting for the research, (3) supporting for the administration work. The Internet connection speed was upgraded
from 256Kbps to 1.5Mbps. The high quality network sever machines and database server machines were
installed. The large-scale software systems were renewed their versions. Four experimental stations for medical
plants at Hokkaido, Izu, Wakayama and Tanegashima connected to NIHS at Tokyo or Osaka branch by ISDN.
We describe the providing information on NIHS home page, and how to utilize NICI for our research and offi-

cial works.

Keywords: World Wide Web, infrastructure, database, server

i L & &

EEE MR MEFERFEAMICE T 2 EFREBERE
i, FRTEEICSIERLLTRy PT -7 — 5%
DEREZITV, FRSEEIZE2BRELTF -4 X—2H
BEHEBBIUREY 7 by 2T O%MEITo72. ZhET
DLF O FIERIER LM OB T TR SERTOHER
BT Y B X UERL 104E 54T 0 Bl BB & B # AR
FIHRED B L2, B Ltk arEa
— &4y MU= OEBRSE, HWAIMBICHELTY
BEMEDHBT — 7y R— A%, HFEHE, REMES T T
4wy R, BUEERRLAZNHSBRELY Vv E0T R
7 A FENEESASEEMERTIC B 2Bk EEIHD
ORI, NICI (NIHS Information and Computing
Infrastructure) & MFATWD, '

R 11ED2S RECHPITTIEEENCIOB1IEB LY
FE2RERTHOY — ABRBERRHICHY, FIROE
MEiTo7. EHBEHBEORIL, OWFROEFN24FH
LIEHEE, OEHEEOKE, OFTBXICEEOXE
ZoWnT, THHEMICINICIZ*RATE S Z L2 &I
Bw, TN LANOIGRIIICHEY, FRIE1A
2 LAN 43 % 10Mbps %* 5 100Mbps A I BH L 7=, R4
8B, Mt v b7 — 7 ~DMFREE % 256Kbps 2* H

# To whom correspondence should be addressed:

Kotoko Nakata; Kamiyoga 1-18-1, Setagaya-ku, Tokyo 158,
Japan; Tel: 03-3700-9572; Fax: 03-5717-7180

E-mail: nakata@nihs.go.jp

15Mbps Al E L7, A% v b7 — 2 3R EEN RS
HASEH LT 2 EBEMAERSSA Y 7 —2 (IMnet) %
BTAYI =3y MIERLTVA., FRTEEICMAL
RHIRES Ay M7 — 2 O — BB TERIIEI0A 1S
SRR ICET L. FRSERIIHALLF— IR —
ARSEHEEE (BHEY — /) PR I2E4 A ICEBICETL
oo T —NETHELTWAEY 7 by 2 TRN—-Vay
REHL, hoFiEoV 7 by T bEMLE, BHRA
Bt & KBRXATH & U HLIEE MR35 3B & 4 S A
v b7 —2% (Virtual Private Network: VPN) Z#g&EL, 77
A7+ —NEifb L dbigE - B - fkil - S
R ER B SRERS & 2 ISDN ML T S 7z, BERE
KREFBEREEL Yy — (FEEV Y —) BIUKRKRX
BT, SyrEToEREMIERBRGZaCYROLy T —
ra—HFHiZ600AEHEEL, =V FL-ar¥a—%
(PC) % T50BDHEE Ry P T =7 EREL TV,
NICIR&eFfkavya—% 4y v -7, {HR) V-
A, #EYV—-ABIUTEORMOERY — AR LI
HEhTwd, ML EFCHRAIE AT LDORTLE
, EINSOBFBEEDaSHEL - a Y EMEEILTS
B R HERE, WERROLDDOIATFLATHY, EE
MRAELE L UBRETOEREOREL T, FHETS
RODFHLWIHEDEAETLH S, BiElOHELFED NICI
EHERRB L UEGHOEBRAMICOWTERT 5. A5
ZRarECa—yHESCRTEHAVE D, ERAED
HiegkEERICHT.
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1. YATLOEE

NIHS DR ZEHRA v b7 — 213, EEHEHEHEO
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Table 1 Developmental History of NICI

speed event / service _
May 1990 - LAN test (SUN SPARC Station 1, SONY NEWS-1450 and
client computers)

Aug. 1991 19.2kb/s - Electric mail service by JUNET
- Easy connection to outside computer centers

2.4kb/s - On-line database search and the file transfer on outside
commercial computer through a telephone line and a modem
in Library ]

Apr. 1993 - MEDLINE and Current Contents search service using NetWare
and 4 series CD-ROM tower in Library

May 1993 64kb/s - Internet connection via Genome Net in Inst. of Medical
Science, The university of Tokyo, and TISN by ISDN

- (INSnet 64)

June 1994 - Installation of World Wide Web

+ Network use of MEDLINE, Current Contents, CAS corrective
index, using double 4 series
CD-ROM tower in Library

Jan. 1995 - Joint in IMnet
256kb/s NIHS - Tokyo IMnet Center
Feb. 1995 64kb/s NIHS, Osaka - Osaka IMnet Node
Mar. 1996 256kb/s NIHS, Osaka - Osaka IMnet Node (upgrade)

- Installation of main server machines
- Optical fiber connection through buildings using a LAN

Switch.
Oct. 1996 64kb/s + Additional joint in IMnet
NIHS, Tsukuba - Tsukuba IMnet Node
July 1997 128kb/s - Connection between Yoga and Pharmaceuticals and Medical
) Devices Evaluation Center
Jan. 1999 « LAN 100Mbps
- Extension of LAN for Toxstaff 21
Aug. 1999 1.5mb/s - Upgrade of Internet connection
NIHS - Tokyo IMnet Center
Oct. 1999 - Upgrade of main server machines
Oct.-Dec. - Internet connection in Experimental stations for medical plants
1999 at Hokkaido, Izu, Wakayama and Tanegashima by ISDN.
Apr. 2000 » Upgrade of calculation server machines.
23 EEBY - NetScreen-10E ; 3Lk #5355 A 5% 5 NetScreen-10E) © &
BEMARHIZIEFig2 O X 9 I2k@E0BE VT — 1A F2) 7 48t E & UBREART- KRR -SRI R
EHRERTVD, e 0F— NIl TUTICEEYR Ex450) VPN D15,
El b) ZBIDNS#—s% (AS7000 US)

a) Fire Wall ¥ —/X (HIZIAPT NetScreen-100E ; KREZFF ¢) Mail (Grace Mail) - News + %8 DNS ¥ — 7% (UX
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Fig. 5 Number of Users and number of personal computers
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Table 2 Divisional Home Page

Applications

Div. of Drug Guideline for bioequivalence studies.
Validation of analytical procedures

Div. of Medical Devices NIHS Household product Hub.
ISO/TC194 biological evaluation of Medical Devices.
Latex Allergy
FUMI Theory

Div. of Environmental Chemistry Regulation on Cosmetics in Japan and other countries.
Tap water information

Div. of Foods Reports about Environmental pollutants, Pesticides, Animal drugs
etal,

Div. of Organic Chemistry Chemical and biochemical study of Fullerenes.
Information on NMR in NIHS.

Div. of Microbiology UJNR Toxic Microorganisms Panel.

Div. of Chem-Bio Informatica Summary of EHC

list of EHC, HSG and other reviews,
International Chemical Safety Cards.

To prevent Chemical Accidents.

Regulations on Chemicals in Japan.

Chemical Safety Information Forum in Tokyo.

Endocrine Disruptor Information for Researchers.

Biological Safety Research Center

Div. of Toxicology

Div. of Pharmacology

Div. of Pathology

Div. of Genetics and Mutagenesis

Div._ of Risk Assesment

Technical Terms (General, Pathology, etc....)
Dioxin Information

Works

Japanese collection of research biosource Cell Bank.

Search books or jounals in DRA.

Pharmaceuticals and Medical Device

Evaluation Center

Evaluation process of a new drug.

Osaka Branch

Div. of Drugs

Div. of Food Chemistry

Div. of Biological Evaluation

Activity reports of Information subcommittee.

In-house announcement.

Experimental Station for Medical Plants

at Hokkaido, Tsukuba, 1zu, Wakayama,

and Tanegashima

Guidance for 5 experimental stations.

Herbal medical quality
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Wb LR EHXIETHNICIOHEEZBIRLTEY,
MOBI-DICS (Molecular Biodynamics Simulator) % % L T
WHBEHTHAH., ThiZonTRASRE [EE&KB LU
FEYAREUMEETIETHB I AT L] Y CHMER
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Table 3 Abbreviations

ACD-3D Available Chemicals Directory -Three di ional structure datab

AVS Advanced Virtual System

CAS Chemical Abstracts

CMC-3D Comprehensive Medicinal Chemistry -Three di ional structure datab

DNS Domain Name Service

FDA Food and Drug Administration

GCG Genetics Computer Group

GINC Global Information Network on Chemicals

HTML Hyper Text Markup Language

IMnet Inter Ministry network

IPCS International Programme on Chemical Safety

IcsC Intemational Chemical Safety Cards

ISDN Integrated Service for Digital Network

1S18 Integrated Scientific Information System

JUNET Japanese University Network

Kbps Kilo bit per second

LAN Local Area Network

Mbps Mega bit per second

MDDR-3D MDL Drug Data Report -Three di ional structure datab

NCI-3D National Cancer Institute -Three di ional structure datat

NICI NIHS Information and Computing Infrastructure

NIEHS National Institute of Environmental Health Sciences (USA)

NIH National Institutes of Health (USA)

NIHS jonal Insti of Health Sci

NIOSH National Insti for Oc ional Safety and Health (USA)

ODBC Open Database Connectivity

PC Personal Computer

PDF Portable Document Format

PPP Point to Point Protocol

SGl1 Silicon Graphics Incorporated

SINET Science Information Network

TCPP Transmission Control / Internet Protocol

TISN Tokyo University Intemnational Science Network.

UJNR United States / Japan Cooperative Program on the
Development and Utilization on Natural Resources;

VPN Virtual Private Network

VRML Virtua] Reality Modeling Language

WHO World Health Organization

WIDE Widely Integrated Distributed Environments

WWW World Wide Web

a0

NICIDEH - #3158 L THEFIZITTRADOS L DFH 412
HBH W2 w2y P 7= 0EH - AR5, BERO
MIBHFIZEANVTFA S (BAEHR () oBhEE<T
Bh, TIIIRHTA.
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Development of Research Support Environment for Molecular Pharmacology and Toxicology

Tsuguchika Kaminuma®, Kotoko Nakata, Tatsuya Nakano and Takako Takai

The Chem-Bio Informatics division has developed the institute-wide computer network which is connected
to the Internet via IMnet (Inter Ministry Network) sponsored by the Government. We call the network and asso-
ciated information and computing infrastructure as NICI, the NIHS Information and Computing Infrastructure.
The primary goal of NICI is to provide general communication environment such as e-mails, and the second goal
is to provide WWW environment. Accomplishing these two goals the division is now challenging to develop
information and computing environment that directly supports pharmaceutical and toxicological research. The
prototype of this environment which consists of various chemical and biomolecular databases and computing
tools has been developed under the name of MOBI-DICS. The concept and vision on how to extend the proto-

type to institute-wide infrastructure was discussed.

Keywords: WWW, MOBI-DICS, computational chemistry, bioinformatics
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Mg

What We Can Learn on Risk Assessment of Chemicals from
the Concise International Chemical Assessment Document (CICAD) Project

Jun Sekizawa

IPCS (the International Programme on Chemical Safety) has launched a new project on the Concise
International Chemical Assessment Document (CICAD) as one of its major targets, which is to assess health and
ecological risk from exposure to toxic chemicals in the environment through international collaboration. In this
project, the author and others successfully established a framework in fulfilling ambitious aims of developing
concise, but useful risk assessment documents on chemicals, while assuring credibility and efficiency in the
process, and incorporating new ideas from ever developing risk assessment methodology and related sciences.
This combination of usefulness in the outputs, the credibility and efficiency in the process, and the flexibility in
the ideas reflecting scientific progress, shows a good example of what we should do in improving our risk
assessment in this country and developing assessment documents.

Keywords: IPCS, Concise International Chemical Assessment Document (CICAD), risk assessment of chemicals
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3. AEHABDAX L MY AT L
EEAE C(EEMEDER

EPRPRMTH 2 IPCSHHMER T X 7 b 5RO T
AT ERES T2V, bhbhidFg LIZRT L %
CICADfE 77Ut AN 70—Fv— b 2{EY, IPCSLH
T — s hEREL. BBEELTHWLADED
DT at ML Ea—TIICICAD TLEL ShINE%
SEMIC AN L ENBWVERIE, ot s Ea
—REEEAOL Y 2 - oEHmE Y, o 2T EE
ERFOFTaFr VL Ea—iid, —&iROBREHEF

ffi%, BEhOEY~OEEFMZENT 5. BELbiRic
T ReBEHRLEML, E51I2F P aF L ¥a— K
DR LW b5t L CTCICADREE s A TfEY
53,

TR EREH O LDLAKINTVWEDT, ZhiZ
TAYPERBETIHEND L LRBLAEZEHOKGRER
BREKIZIPCSDHFER NS BEEZ LM (BFA LD
fbhz) L, 3+ BIRECHRTI Y M2IUET 5.

ARV I AL EXREEOFTERRAEOHFELBE THIET
BOT, BELRLOLUIMIZT DTV, FHEOEZFIC
DWTHDI XY MR, FHLEROBMERT, BT

Selection of A National Review to Prepare A CICAD Draft Based on That Review

|

Consultation to Other National Authorities Which has A National Review on the

Same Compound for Potential Collaboration

}

English Translation of the National Review

|

(Applies only to Japan)

Preparation of A CICAD Draft Based on the National Review and Other Papers of
the Areas Which are not Covered by the National Review with Pertinent Update of

the Information

|

Original Draft sent to the IPCS

|

IPCS Headquaters in Geneva

|

Asking Comments from Experts, National Authorieties,

and Interested Organizations or People

Author's Responses to the Comments and the Pertinent

(Usually three to four months)

(Usually three months)

(Usually three weeks)

Revisions of the Draft — Author May Ask
Discussion of the FRB* When Necessary

|

Review of the Comments and Responses by the

Members of the FRB *

}

Review, Discussion, Judgement and Recommendation

by the FRB *

|

Revision by the Author Based on the Judgement and

Recommendations of the FRB *

Final Editing by the IPCS and the Author

(Usually two weeks)
(Three days meeting
for several drafts)

(Usually one month)

Note: * FRB = Final Review Board

Publication in Prints and on the IPCS Homepage

Fig.1 CICAD development process
It takes about one year from start of preparing an original draft to finalizing the draft to be published. The document
is usually published in the next year and the executive summary is shown in the IPCS homepage.
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No | Rev

Comment

Author’s response

FRB

General (Classification of comments)

1

Only dose levels at which

there were no effects observed -

have been specified; all have
been designated as
"NOAEL"s. The authors
need to distinguish between
"effect" and "adverse effect”,
i.e., NOAEL versus NOEL.
Similarly, the (higher) dose
levels at which effects were
observed should be specified
and designated as either
LOELs or LOAELs so that
dose-response is adequately
characterised.

As seen in the reference, most critical
studies for health effects are cited from the
JMPR monograph on fentin compounds
which summarises unpublished reports
submitted by the manufacturers for
toxicological evaluation by the JMPR.
Therefore author could not see detailed
original data to examine dose-response etc.
The JMPR monograph uses the term,
NOAEL, in all cases without describing
the severity or the extent of changes
detected (relative liver weight decrease or
lymphocyte decrease, etc.), that the author-
finds difficulty in deciding whether NOEL
or NOAEL is appropriate word to be used.

Comments and author's response to the
comments are arranged in a table format.
They are reviewed by the members of the
final review board (FRB). This exmple
shows a part of a long comment.

* If the discussion by the FRB is
required, the judgemnet of the FRB is

described in the final column.

Fig.2 Presentation and recording of the comments and responses to comments with the judgement of

the final review board in a table format

ERMTL, ZEITRENBFLHRLTE->TLL ). WH
RLEBPMERAHEOTIA Y FRFELR, aX D
NELXIPCSP LB SN ABEMERVPRICERT S,
CICAD HZEMERB L A Y MREDHIMT 2 2O EL & b
ICEOREMICEAT S, HELETIMBEIIOWTI,
RIZERARD BRIRFREOHBIH 2072 h2 BEEA
5% (Fig. 2). ERCREZBRFREOANN—BHDS
20BN -

4. RICIRETREE | MBEAOBREE U X 7 FFHE O MR

CICADF % &, FEERZIZIZ2EENFEIL, B
LKHO AU N— (BIELYED I, §EF L UFHEETO
BHEENA Y NN—EzoTWV3) ThAEBHLEMNEK
DTNV —=FIZRELNT, Fzv7%2%15. EEMNREN
RIN—73EFEELTHF2RETL2HED ) X 7 51
DHEMEDLGBR SN, RERFTRRITT A PR - &
ik, EE 2y ALRICHMN S, BB AEICE, 2
=PSB & B FHERR F O IZ D W THEBIC
HEEZRHOEMROSMPRD 5N DD, REORIFIRT
BAYN—ZERENTED, A N—IEREBMENICR
FREWIC oV THERFREE A LAVWI L 2B LT
HELERRBESELNS,

BEMHEHEOA =13, GHRENCER L FHEERSE
Xz axybaorink+otmst L LTHEL, KE
OB L VS BOERERRIC Db S EIZR - TH
YA, RBRMEABIE2EB» R, 3-4HHIIC5S—6
WEDCICADBEEZHRETS. Ho» LOMEL T4
FLTEL LT, EHOREHFMOTUEL A>TV D
BEMRTHD A 38— & RPFBEE IS, KO2RHES
DAFEEMIRETTESL LI ITL TV,

BT AB TR SN/ CICAD ERIZVLERETE%
A 7: £T, IPCS DEEHFHERE & LTHRIRLTLwh
BEEMbI, RN Toe5E63BHHREShD. SFEOMK
RIIEE, IRy — (R X bicEenoh,
BEREREIIFDOFEEICIB> CCICADERE]IE, MEL,
IPCSHERAREMFELITVIZIZREII/EK Vo —
v b LE&, HRIPOWS) shb., '

5. URJEHMBEFEDN—-EZHE— 3 > DI&E
J X7 FEDHELD Kt

IPCS IZEEH 2 L~V TREYE D) R 7 FHEIZ DWW T
BRETARENLBEE LTRFO Y A7 FIFEIIOW
TEfE L, SERLHE BUHNESLRE) TON—EZ¥—
Yavimitgia o) bRENRME ALY LI THA
IIHRHZEDTWS, ThITT LT LEHOFE
R, fE, T, BEHENL ) OFmOFER, HRIN
U EL LTREE, ERRIMeE, AL LTidiE
i@, $B, BEELLY) FEoH Y HFdRETLTE .
B L TV AEELEEITY R 7 MIC BT 5T
ERZEROGHE, RBHRCERZEDEVDOIROE Y] 2 5
OMELETHLD. ERPRBRBT 2 ESHE»OF
FRAEL DI, ANLBYOHEE, AOBEFEOETAE
NEIEETEIRELT, < DGE 100G DORFEEIREL
ZIRZ—-ICEALTE . Ly LBETIEEE, H#,
AH =X LOMROMEREZEE LT, HA07—FIZAIL
T, &YW EMLLEETFHEIT) FHROHRITRKOLNT
Wwh, REBEHIZOWTHIPCST—F V7 - FV—7 (&
HizFo—R) BHEFAZHAVWCEABIZBERT LD, 1)
AVEHEOBEMRE#BEOIER T —2 ¥ 3 v T % 200045
BICRfiE L7,
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6. CICAD fERLDYEIFIX {##£2 54 51 7 (Environmental Health Criteria) £\ L
VAZEHEOH L ilia e LTRELACICADIE, Ya—XH%{EoTH Y, CICAD DI RITIZELY EiF v,
THETTable 1ERT LI BLOIERER, H2WIE  Toky, LLE—H0 [FERLECYH] I2onT
TTICHRERTWA, WIS T ST %Y A7l BERMLZHROERZEo TR 0L H 5%, JES
TORTBIENRLEDEREZRITHL I Lo TV A, T—EDFMEL T IENTELTINETFANRST
7o b A TREOREEFMIT T FRIERE (WHO) & W MY TFNE, P T 2 VEIZOWTIXCICAD %
HARAYEERE (FAO) OSREME I V—TI2FETw L, BERZ 7Y VEYZFVIZDOWTCICADEED
5L, TARAEMOBERERICIDFMES AL (WHOD  {ERZHEBEL TV 5.
BONIEBSR I, 45 1 o F & > FORHE — B SR
DD, BE L OKREHFHEWESLEHRGEDHIZoW . s
- e -y, 7. F—LR—IOBN TR - HIR
COFMEREAELTV2) WREATELZ VS i
ZoTwa. CICADFEIZ 2V TRARN L Y IS T T2 /E2,
CICADfERH ST DORRAL, (A) BEORMYE L F— A= ITRAELTER FEGTAZ THIT
FWwriatrilb¥a—3H5, (B) VA0t ENLDODHREHDTEY, TEbDP LR
FEzLND, (C) EREMLELHEY, EhoTns, L= (http:/iwww.nihs.go jp/cicad/cicad2.html) THEAL
Table 1
CICAD List Publication FRB *1 Autors *2
Volume (Year)
Azodicarbonamide No.l6 (1999) 3 HSE
Barium and its compounds 7 EPA & HSE
Benzoic acid and sodium benzoate 6 BUA
Beryllium and its compounds 7 EPA
Biphenyl No.6  (1999) 2 BUA
1,3-Butadiene 7 EPA
2-Butoxyethanol No.10  (1998) 2 NIOSH & ITE
Butyl benzyl phthalate No.17 (1999) 3 EHD
Chloral hydrate 6 EPA
Crystalline silica, quartz 6 NIOSH
1,2-Diaminethane =Ethylenediamine No.1s  (1999) 3 HSE
3,3-Dichlorobenzidine No2 (1998) 1 EHD
1,2-Dichloroethane No.l  (1998) 1 EHD
2,2-Dichloro-1,1,1-trifluoroethane =HCFC-123 6 NICNAS
Dimethy! formamide 7 EHD A . .
Diphenylmethane diisocyanate=MDI S NIHS & EPA *1 FRB : the round of the Final Review Boad
Ethylene glycol 4 ITE *2 Authors
2-Furaldehyde 4 HSE ATSDR: Agency for Toxic Substances and Disease
Limonene No.5  (1998) 1 KEMI Repistry. USA
Manganese and its compounds No.12  (1999) 2 ATSDR cgistry, . .
Elemental mercury and inorganic mercury 7 ATSDR BUA: Federal Ministry of the Environment, Germany
Methy! chloride 5*3 KEMI EHD: Environmental Health Directorate, Health
Methyl methacrylate No4  (1998) 1 EHD Canada
N-Methyl-2-pyrrolidone =NMP (1999) 5 KEMI . .
Nitrophenols 4 BUA EPA: Environmental Protection Agency, USA
Phenyl hydrazine 4 HSE HSE: Health & Safety Excutive, UK
T;ﬁ‘;"?‘:r:‘ﬁh‘hy't:::"e :“Z E:ggg; ? ggg HSH: Department of Human Services and Health, USA
» <=l etracnloroe € 0.. . .
1,1,1,2-Tetrafluoroethane Noll (1998) 1 HSE ITE: Institute of Terrestrial Ecology, UK
o-Toluidine No.7 _ (1998) 1 HSE KEMI: Swedish National Chemical Inspectorate,
Tributyltin oxide No.14 (1999) 3 EPA Sweden
Triglycidyl isocyanurate No.8 (1998) 2 NICNAS . . . . N
Triphenyltin compounds Nod3 (1999) 3 NIHS NIC.NAS‘. Australian National Industrial Chemicals
Vanadium pentoxide and other inorganic vanadium 7 HSE & ITE Notification and Assessment Scheme

Drafl in preparation

NIHS: National Institute of Health Sciences, Japan

Alkyl phenols and alkyl phenol ethoxylates
Diethyl phthalate

Respirable particulate matter

Hydrogen sulfide

Uranium

NIOSH: National Institute for Occupational Safety and
Health, USA

*3 Redrafting requested

Table 1 List of the Concise International Chemical Assessment
Document (CICAD) developed as of the early half of 2000
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VAZEHEDEZE Z & FICDIFBMRPIEE IS v
bWzb,

¥7LVEa—0EERL W) I LT, EFZRERRHE
BCTELLORERE LA, M) 72 V0 ER2AESEH
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First Drafts of the Environmental Health Criteria (EHC)
Circulated for Comments by IPCS in 1999.4 ~ 2000.3.

Chiyoko Ohtake*

Summaries of the first draft of Environmental Health Criteria (EHC), which were circulated for comments
by IPCS in the period of 1999.4 ~ 2000.3, are presented. EHC drafts on 2 compounds were received in this

period.

Keywords: EHC, IPCS

LI

199944 A2 5 20004E3 Ak E Tic, RERRBES F4 7
)7 (EHC) D FI 7 MI$2IPCSHDa X ¥ MK
FIX2 hDATHo 72, FIEEY OB THNIZEAL,
FIEAREICIEL, A FORMEEBHEWLA, BAL:
FEFZ77POEHIIOVTHE TS, wiFhbax v M
Bohkroi.

FS 7 OEH
(B{HizEma)

No.1 Arsenic and Arsenic Compounds (Rt ¥ X Ut F 1k
&) (99/619)
MERIHFLOEELE (A0 F) ofT22FHIC
HHEEDSZVWEETH L. BMEIX4ODOFEFEH, -3, 0,
BBITISTHEET S, METLFRRIKICBET 2V, B
MEEHI NI YL, MEEALY I LAXBRIIEAEOREE
BAKERETHS.
BMEIIBEBE,I LB SN, IWABEIEEHH
DEIERE LTRONS, HROBFEED 0% IR
ODLAfAE LTARMLEICHERA SN, 2%12RE, &I
WY, BES, EReECHRIND. KRPBREII®RE
g/ LT (KD H BFHT3mg/L), HHRENATVERVE
JBARLHTAI, 1~10pg/L (ABEEDD DFTT Smg/L)

#To whom correspondence should be addressed:

Chiyoko Ohtake; Kamiyoga 1-18-1,Setagaya, Tokyo,158-8501,
Japan; Tel: 03-3700-1141 ext361; Fax: 03-3700-7592; E-mail:
ohtake@nihs.go.jp

Thb, FHEHRIHMHHIBOKRKIEEIZ, 002~4ng/m’TH
0, #HTIZ 3~ 180ng/m? 12K 5 (BFIC 1000ng/m3 % #8
25).
HERBLUABMFIERGWIIHLT, EHL0HE
BTN, B, [UERCIIETHLEIF A
TTHATH Y, EEMIZEIREORRELEBALIRE KT
5., —RICERE X Y ERBOHEEIZEC, DED
MFE VML D EEIHEN, C PORPAAI=ZXLEE
WREBREFUNEVD, BHIHITFONTVS,
MEOL bADEEICIE, RS L UTHER~NDORA %
BIfEAZm+attdEt, BIURKARLHETIERSE
WAH D, BE D204, HRPKOEIBII L 2BHESR
FERFHET 2 EFRAL, BENLESREZEOREL M
LT3, EOREMNAAS = X LITERESERE ST
WieAs, B, RIEEREIRTHRESHEMLTE TS,
5T, AREEHE S ERBERERRICHRCRERICEER
Ri2dZedbhoTE .
BEREZEOLLOYAE, Bl L-T, 5V IIHR
FHELTRIS, EEHETR, XEBROMR, ER
BAOKE, BRE, BroPAhEPREshtns,
BHEHOMELEYWORFHEMS X URENDORMER
#ix, 20UTFTTH5. T/, d AL 2000mgkg $ T
HLTWGMH 5, #BERY 74 b2 (periphyton) 1115
5 60pg/ LI THELEMNR O, KEEFHEHYT
13, MEDMFED 48K LC/ECsoA%0.68 75 73.5mg/L. Th
295, VIEOBFEIZLC/EC 2 3.67549.6THo7z, IV
> 22k % 28 HEISRERTIE, NOECIZ 06725 1.3mgAs3/L
Td ol BAKMOLCs i3 MAGDHE T 10.85* 5 91mg/L,
VIEORE T48% 5 360mg/L Lk ETH o 7z,
(&2718R—7)
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No.2 Palladium (/55 7 L) (99/9/2)

N T Ltk e, EEMICECERITET,
ST NRMDINT DY LT N —TOTEICHML, Fh
LERETH, £EB/NNTI WA, F2HiBLT+H4HD/N
TV LDIKETHIEL, ARILEWOHER TS, 17
Y LERIIERPTERET, EREFHRSIORZEDHR
FEIRanwn,

28T Uy AOFELR, B, BZIIbTL (<lpgkg)
Thb, TEIZBWTE, =v L, 755+, BLU
DUERORHEOPRIZRIE L LT tHEN D,

ECEARHIIZEE, <lngtEThTwb, $7:, /AHRK
BEETHEDYPHEDPICFET I b H 5. —ixAIRE
HEOALSRHEHE) O RHZFINDA, ZORIIED
TRV, BHOKRKAD/NT Iy LB, 100pg/m3LLTF T
5.

EEIY L RBENRREETIE, 7T 7L0LDs
&, LWL ETDON— Mo TRREY, 28 TTY
4 (PdCL) HE b UMM, /37 Y4 (PAO) i
BHEL, 305 4900mghkg REDFHTHS. HHEDOW
S, WRA, FEMN, BEEAKRS, BLUROKRSDME
Thh,

FHE ARz Smgn D 23T VY LR BRIETHET
Bz ohtg v M, hE#maspiish, #TiReRFE
BEDooh, NEOFEBEIZT I F—2 2L,
EMOESSBLE2EIIMI. Ty FOPRBADE
HZRETIE, MFRROIBIED S HIRT L CHFER & B~ D
BENTIEINTVES, RFTTLFAIDT v PREA
~OHEZE (143mgkgfhkE) TiX, 6 7 Bk, AEFH
S rR A RN T L3S (WAR

—EAANDEEE LT, HHHEOMES S OB ST
LRTWA, T2, NIV LZEUEHBEHANCRG K
NTRIB/87 V7 L&, BEMIEMIC X ZER, ONK
HEIERRE, BFPHEBELELHESINTVAS,
TILIATOEECRGENIATRTHONREOE
RERTRTIRLZV (eg<20%). Ag-PdELDETHIC
MiFRIEZa7Y) D ObERLRENAON. 5Ty
LWZEVEE NI Y SERD in vitro FFFETlLE, BEUEIRD 5
HOBEFR EBEEND B 2 L AURE SNz, FEERED

)N

BN (BIATEMR) X2b0%, HDWVITEMEEBIC
FHEEHB L ENLREHELBERZNIOG/NSTITAIILE L
BbhaPEMIRESLTWES,

2L/ST T T LDy FFAMT, T VT ARBREN
LiIZLiEAash, WIFhoREIZBWTHBARELZTIE,
BRABEIZT8% DT TV ARMEENEET 5 LY
ERTWE, HOTLVF-LRRTH, NFTTALIEL
LT OVWEL, 2y FVEEIZRWTWES, 40
L2n, —i3ATRONBENRG T ABEDIZEALDRE
BIE, HRHEER L EMRICEIELDTHS.

W DPDIT I MWL, YA VA, NS T
VT HHVIIEROHE LA L TWA, KEEYIIET
AEMIE, BOTHL, 2HEONNT I Y L{LE25-
1I0mgNBETHRT AT A A EHIEE T Lz, RKED
A b3 IXF2EMNT Iy L 0aMHENE (9685 LCso)
A50.09mgPd/1 Td o 7=, 24 R FEFER/MNEEIZRAKAD—
8  Orizias latipes TTmgPdCI/1 TH o7z, 37 T LMLE
WiEwFR S ERROFEZRT.

ZOH—FICHEE W /ZEHC
No.208
No.209

Carbon Tetrachloride
Flame Retardants ; Tris(chloropropyl) Phosphate and
Tris(2-chloroethyl) Phosphate

No.210 Principle for the Assessment of Risks to Human Health
from Exposure to Chemicals

No.211 Health Effects of Interactions between Tobacco Use
and Exposure to other Agents
and Methods

Hypersensitization Associated with Exposure

No.212 Principle for Assessing Allergic

to
Chemicals

No.213 Carbon Monoxide

No.214

No.215

No.216

No.218

Human Exposure Assessment

Vinyl Chloride

Disinfectants and Disinfectant By-products

Flame Retardants: Tris(2-butoxyethyl) Phosphate, Tris
(2-ethylhexyl) Phosphate and Tetrakis(thydroxymethyl)
Phosphonium Salts

No0.219 Fumonishin Bl
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Studies on Rejected Food Blue No. 1 (Brilliant Blue FCF) Aluminum Lake

Sumiko Tsuji¥, Mai Okada, Yoshiaki Amakura and Yasuhide Tonogai

One of the Brilliant Blue FCF aluminum lakes (B-1Als) in the official inspection of coal-tar dyes in fiscal
year 1999 was rejected.

The results of tests of the rejected sample were submitted to JSFA-VII except for a violet sub-spot by paper
chromatography. Its visual spectrum had same A max 630 nm as B-1 standard and a very small shoulder at 580
nm in comparing to B-1 standard. HPLCs detected at 625 nm of subsidiary dyes and 580 nm were performed
on the rejected sample of B-1Al. A sub-V in HPLCs of th sample which eluted at 37.6 min had its relative peak
area of 7.9% at 580 nm and 0.24% at 625 nm, and its peak ratio (at 580 nm / at 625 nm) was extremely large.
Consequently, it was presumed that the sub-V in those HPLCs corresponded to the violet sub-spot in paper chro-

matography.

Keywords: Brilliant Blue FCF aluminum lake, subsidiary dye, paper chromatography, HPLC

#

TRINEEORBREICBVWTERER1S (B-1AD) 8
1S EIHERENYAES (RR) D “ftos
F OB (AU MTT T4 -2k D) THMERD
Bl EhAEiE L HgEhi.

B-1iZidfi4 DREIBEROFET A LML NTEY,
#7E?, Matsufuji et al.¥ , Kusaka et al¥ 7' Zh & EIRBHE
PHEL, FoEETHELTWS, LPL, FRLIES
DODAFENHERZ L LY, Matsufuji et al. DERBEAEK 7 O
<M 74— (HPLC) &f¥ 12X, THEBRKD
HPLCHIE 217> TR EDOHELITV, TOHRE
Y- 7EH %L o THEE L 720 THRET 5.

il

EEBRAE
1. B8 R 1 EERBRE BAL R E .
2. BFIERS 7YY T N7V —FCF (BREFHRI]

5. B-1) REVEEMEMEENAREEmZFERLL,
3. A¥E: 7L =Y MIIHPLCHT M= M)V E
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Bui, ZoMoREZETISESRMT AL,

4. A|rOQ= IS 71—

IRND 12iEo 7z,

5. BBIRZA~2 bIVEIE

BRI D 12fE- 72,

6. HPLC

#15 h L B R AL 5 Deverosil ODS-UG-5 ( ¢ 4.6 X 250

mm), BEHMH . 27/ -V /05BIREET Y EZ T ABR
@ka,mﬁzlﬂmmmm1ﬁ&ﬁ§:6%nm&03wnm
FEAE D 20pl, BE 40T,
7. HPLC RRABRBROARN
ARV [ERFREB05T VI
Bt EnmE] 9 2fto7z. Thbb, HF100 mg 24
FIZEY, BEE (1—20) smznz, BBE7 v E2T L
B (7.7—1000) 20X T, £BZERIZI00mI & L,
OO L7214, RERERE L7,

8. HPLCLE

R 7 HES K JASCO 880-PU, FHRAREE
27— AWEFH Y ADG-1200, YAFALI Y PU—
— . BASHENFLIASCO 802-SC, A — M}V T I — .
H 243 FREL TASCO 851-AS, # T A{EIEM | BARSE®
%1 JASCO CO-1560, HHigF © H ARG HERE JASCO 970UV
K UTJASCO 870UV, 7 — % — LI E © HE S5 LB
JASCO/IMBS BORWIN, Dell-Latitude CP/, HP LaserJet 6P.
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9. SYNEEt
B SR U320 W 7-,

ERERRUEE

1. HERRE

Table 112 B-1AIDHIEHER SR EIRAEORERBATZ R L
2. “hoeE” o (Ao~ LSS T7 412k 3)
DA & TN TH o 7.

2. A|oyOv IS5 74—

BRI T, BREKDAHK IO N T 74 —%To
TFER, FigllRL72E91L, EREFORRy FSHCE
BFREEICREO Ry FERD.

BIlIIEThaZHEMMBZNI L, —HIZoWnTIH,
K2 %> Matsufuji et al.®) , Kusaka et al.4) 2SHigEL, o
BETHLPIZLTYwS, LEL, FhoEMDODARUIE
HTho:.

3. BRA~NYT B

RIRVIIZHE > T, RERUB1EHETEZORINA S
FICOWTHERFHARZEDICHE L. TOHR
(Fig. 2.), W31 b 630 nm ICRIUERE R L. LaL,
MDD G HIZRERIZHE L TS80 nm 2 B A BHMED ¥
alVy—n b,

4. HPLC
Matsufuji et al.?» HPLC %43 12 & b @&k HPLC %
Tol. FHEROEMIPAFHRLIo L LD,
Matsufuji et al. D{FFEBFE DR E K E 625 nm 2 BT 5135
53 Sub-A ~ Sub-E % HPLC D RIFEERIC L W #EE L /-,
AU NI T4 —ICLBMDARY bOSEEERL
-z L kb, HIEEKES580 nim COHPLC TV, T HED
7u< 77 A%Fig 3. IR L, SRUEERTOMGE—

Solvent front

Violet sub-spot

O Blue main spot

Start

Fig. 1. Paper chromatogram of the rejected sample

Substance: the rejected sample, 50 mg as acidic form of
Brilliant Blue FCF / 100 ml.

Condition: developing solvent, a mixture of n-butanol, 1%
ammonia solution and absolute ethanol (6: 3: 2); sample size, 2 pl.

lable 1. Analytical result of rejected sample of Brilliant Blue FCF

aluminium lakes

Tests Specification of JSFA-VII® Result
(4 samples of one lot)

Description Normal Normal
Identification Normal Normal

Absorption maximum 628-632 nm 630 nm
Purity

Heavy metals Not more than 20 pg/g as Pb Passed

Barium Not more than 500 ug/g as Ba Passed

Arsenic Not more than 4.0 upg/g as As,0,4 Passed

Other coloring matters Only one spot Two spots?
Loss on Drying Not more than 30.0 % 14.5 = 2.0 %
Assay Not less than 10.0 % 15.4 = 0.3 %

:; JSFA-VII: Japan's Specifications and Standards for Food Additives, Seventh Edition.
Other coloring matter except of main-spot was recognized obviously.
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Fig. 2 Visible absorption spectra of the rejected sample and Brilliant
Blue FCF Standard

Substances: straight line, Brilliant Blue FCF Standard; dotted
line, the rejected sample. Concentration of standard and test solu-
tions: 3pug as acidic form of Brilliant Blue FCF/ ml.  Their solu-
tions were prepared and immediately observed.

The sample was dissolved in a 5-ml of diluted sulfuric acid (1
— 20), was diluted with ammonium acetate solution (3 — 2000),
centrifuged and the supernatant was diluted with ammonium
acetate solution (3 —2000).

7 Wi % (Table 2) ZE MW L7z, F 72, Matsufuji et al.®
HPLCY #FIH L TFig. 3.128F1{t L7,

HE62S nm TEAFE (B-1) DRIZKELRE - &Y
Sub-C (B-1 DIEERMAR) ArK /o~ b7 74 —-Tl
FEETELRVERBEZEEVWDRTEDY, 580 nmTHAE
GY—Z %Rl —F, 625 T/hEPo7z¥—7 (V)
580 nm TR AELC Y (HME—-2sHE2OWMYE -2
¥ 580nm/625nm=33.1), AEKI/BT+TT T4 —-TD
BEOARY MIELUTAE—7Sub-VTHLLHEEL
7-.

Table 242R L 72 & 312, 625 nmiZi51F % Sub-VH ¥ —
JHEH%132024% TH - 7278, 580nm TlE7.9% L% o7z,

BUE, TOMHEEZEEL, HBERRIATTH L.

-
R af

PR IVEEORBBAERBIALIB VT, “Mof®”
OE (AL O T 714 —I283) THEEEII M

C
i
i .

10 20 30 40 30 60

B

T
0 20 40 60

Retention time (min.)

Fig. 3. High performance liquid chromatograms of the rejected sample

HPLC condition: column, Deverosil ODS-UG-5(¢ 4.6 X
250 mm), mobile phase, methanol / 0.5% ammonium carbonate
solution (40: 60); flow rate, 1.0 ml / min; detected wavelengths,
625 nm (middle) and 580 nm (below); sample size: 20 4 1; column
temp.: 40 C.

Top chromatogram: Matsufuji's chromatogram (at 625 nm)
was quoted from ref. of Matsufuji et al.¥ .

Middle and below chromatograms: chromatograms of the
rejected sample.

Peak A, B, C, D, E were presumed as each subsidiary dye
(Sub-A, B, C, D, E) referring to Matsufuji's chromatograms.

Peak B-1 was showed Brilliant Blue FCF. Peak V was pre-
sumed as the violet sub-spot in paper chromatography.

ENAFHEHESHABENF 14RO 6N, [FB-1A1H
NEFMAMEFEZHPLCTHEL, ZOEFHFE LIRS0
miZBEE- 7 HRBETHEE LA, TOHR, 1K
BENEERITTI% TH o 7.
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Table 2. Peak areas of subsidiary dyes in the rejected sample of

Brilliant Blue FCF aluminum lake using HPLC

Detected wave length

at 625 nm at 580 nm Peak ratio
Compounds  Retetion time (min) Relative peak area (%) (580 nm / 625 nm)
Sub-A 16. 16 0.64 0.93 1.45
Sub-B 17. 48 2.40 2.21 0.92
Sub-C 20. 30 22.38 20. 46 0.91
B-1 23.57 71.32 63. 43 0. 89
Sub-V 37.69 0.24 7.94 33.08
Sub-D 55. 69 1.06 0. 88 0.83
Sub~E 60. 43 1. 36 1.99 1. 46

Sub-A, Sub-B, Sub-C, Sub-D and Sub-E were the subsidiary dyes reported by Matsufuji et al.?”
Sub-V was presumed as a violet sub-spot in paper chromatography.

X ®

"Japan's Specifications and Standards for Food Additives,
7th ed.”, eds. by Ministry of Health and Welfare, Japan, pp.
31-34,313-314 (1999)

Kamikura, M.: Shokuhin Eiseigaku Zasshi, 27, 27-36 (1986)
Matsufuji, H., Kusaka, T., Tsukuda, M., Chino, M., Kato,
Y., Nakamura, M., Goda, Y., Toyoda, M. and Takeda, M.: J.
Food Hyg. Soc. Japan, 39, 7-12 (1998)
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5)

6)

Kusaka, T., Matsufuji, H., Chino, M., Kato, Y., Nakamura,
M., Goda, Y., Toyoda, M. and Takeda, M.: Food Addit.
Contam., 16, 501-507 (1999)

"Japan's specitication and Standards for Food Additives, 7th
ed."”, eds. by Ministry of Health and Welfare, Japan, pp. 299-
300 (1999)
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Estimated Production by the Official Inspection of
Coal-Tar Dyes (Including Dye aluminum Lakes) in Fiscal Year 1999

Sumiko Tsuji¥, Mai Okada, Yoshiaki Amakura and Yasuhide Tonogai

There were 260 official inspections of coal-tar dyes and their lakes in fiscal year 1999, and 259 of the lots
qualified, one of the 8 samples of Food Blue No. 1 aluminum lakes was rejected.

The quantity of coal-tar dyes that passed inspection in Japan in fiscal year 1999 reached 151.9 tons. Coal-
tar dye production is estimated by month and by manufacturer. The food coal-tar dye produced in the largest
quantity was Food Yellow No. 4, accounting for 44.2% during this period.

Keywords: production, food color, coal-tar dye, official inspection, dye aluminum lake
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bAEICBI AR - VEEORSKRERR, B’E, K
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ZOBRFNDTFRI0E4F 1HIPSEHIRLE oD 2L X
D, HEAERIITable 112K L2 X912, ERIEE (F Y
1997) 571455 63K 104EE (F. Y. 1998) 284 & 13i2:
Y, EREI1ERE (F Y. 1999) 3#T A LT 260
HChots, —F, SR, O DOBRFFH S BEI TR
94 (F.Y.1997) 73[H, FELI0ERE (F.Y.1998) 68,
SERERE (F. Y. 1999) 61 A LT o0z L
2TW5,

R ITERE (F Y. 1999) ICHFE I hBEONRIL,

# To whom correspondence should be addressed: Sumiko Tsuji;
1-1-43, Hoenzaka, Chuo-ku, Osaka 540-0006, Japan; Tel: 06-
6941-1533; Fax: 06-6942-0716; E-mail: tsuji@nihs.go.jp

RERFRB25R2); 5, BARGIFR3); 14, BEARE
405 (R-40) ; 3, EHMRE1025(R-102); 44, BB 104
F(R-104) ; 7, EHKE 1055 R-105) ; 1, EHKRE 1065
(R-106) ; 17, ERAFHG4F (Y4, 73, EHHEES5S5(Y-
5); 38, ARER1IT®B); 22, ARER25B-2); 3,
ERRBIGTLIZT AL —-FR3AY; 3, AHFHRB40
BET7NVI= AL —FR40A)); 2, BRHHEI4ET LI
ThL—F(Y-4AD); 9, RABBSTTNVI=YAL—F
(Y-5AD ; 7, ERHER1IS TV I T AL —F(B-1AD); 8,
BRHF@R2ETVIZAL—XB2AD); 4R THo 7.

F—NVEEBIVTY-VEEL—FIE, FRIIE4HIS
A SN ETRELBIYAEEY &R, K, %R
RER, MERER (K&, AR UHEE, 3 v1td,
BAtH, EEE, vE, N YL, hoeE BIREE,
RESEAROCRIGHEE) RO DOBREIRE
ENTEY, RAEFEAMKIMOT VBFZOMBERBRIIESE
Wk o< b 7974 — 2L ARBESEMEI N, Lh
L, HATICER L 14EH O FHRASERIT b=z, EXR
AR ATEY I THGREZTTo 72, HE
N/ B-1A1D 8D ) b IREKICAHK s b I 74
KL NMDBEDAR Y b BOORTERY LY,
BRI 259K TH o 7. T D1, A1 LIz
DHFET, RIDMUREDOH VRED I 7B THE
EIEVWRERZRL.

SRR (F Y. 1999) ICHEB SN 260004
B L72259 1k IC oV T EBEBIC AR UREZE R ORF
WEREEF R L. SRFEOHREFTE % Table 212,
BLEEDIFFTTE % Table 31CR L 72,
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f i 31185 (2000)

#itid 1645 b > (PH84ERE; F. Y. 1996) 5, 1607 b ¥
(CERL94EEE F. Y. 1997) ©, 1503 F > (ER104EE; FY.
1998) 7 LA Ly oRA Mm% R LA, FHI14EE (F
Y. 1999) 131519 b ¥ ERI4EEE L TR EBALA L o 7z,

HEFENTREZRZROLVL DD S Y4, R102, Y-5,
R-3, B-1TH Y, MEEICHRIEBIPANbo L
PRI EESY LRELTHo7:. BIEEEGEIR TV RS
57 RA0ALIZ B S, ATEERE STV AHEE3
5 (G3) WREshhdhort. T/, EARGB2ETIV
Iy AL—% (R2AD) RUEHARGBIZSTLIIZVA
L—% (G-3Al) IR L FREE SR h o,

LENBEE T, HILDOY42766.2 b (BFLE
4.1%)0 5 67.1 F ¥ (44.2%) LIZIZFAIETH o /oD
LT, H2LDR10213293 F ¥ (195%) #6323+~
QRI3mEMM L. H3LNY-513228 b > (152%) »
52207 (145%) &I3REETHo7z. EISBHED
ELERTAEN 1312 b U TRELER D 86.4% Th o /-,

BLEHANTCIIHEEROLSWIHIZA B, C, G, D, FHTH
h, BI4ERE L OREITIE AN, BHARMALLT, CiLL G
iR LA, F/o, WEENEFIIMEELFRIONT
Hot:.

SUHERIZATEATST.6 b (BLEHERINE37.9%) Eid

Table 1.

%, ROTBHEHS51.6 2 (34.0%), CH 181+ >~
(11.9%), Gtt15.1 b> (99%) THo7-.

X &

1) FEC104E3 A 30 HAEHEFRS s46 TR EHEGHERE
HA

2) "Japan's Specifications and Standards for Food Additives,
7th ed.", eds. by Ministry of Health and Welfare, Japan pp.
25-34, 294-315 (1999).

3) "The Japanese Standards for Food Additives, 6th ed.”, eds.
by Ministry of Health and Welfare, Japan pp. 29-38, 307-
333 (1992).

4) Tsuji, S., Okada, M., Amakura, Y. and Tonogai, Y.:
Kokuritsu Iyakuhin Shokuhin Eisei Kenkyusho Ho (Bull.
Natl. Inst. Health Sci.), 118, 131-134  (2000)

5) Ishimitsu, S., Mishima, 1., Tsuji, S. and Shibata, T.: Bull.
Natl. Inst. Health Sci., 115, 171-174 (1997)

6) Ishimitsu, S., Mishima, I, Tsuji, S., Tonogai, Y. and
Shibata, T.: Bull. Natl. Inst. Health Sci., 116, 153-156
(1998)

7) Tsuji, S., Okada, M., Matsumura, 1., Nakamura, Y. and

Tonogai, Y.: Bull. Natl. Inst. Health Sci., 117, 185-188
(1999)

Application number according to prefecture

on the official inspections of coal~tar dyes

F.Y.1999 F. Y. 1998 F.Y.1997
Not size Unlimited Unlimited Not more than 300 kg
Prefecture Application No. of Application No. of Application No. of
times Saaple times Sanple times Sample
Osaka 25 130 22 122 31 286
Saitama 18 87 20 102 21 234
Tokyo 8 20 11 16 13 32
Kanagawa 8 21 13 39 4 9
Shiga 2 2 2. 5 2 6
Hyogo 0 0 0 (1] 1 3
Tokushima 0 0 0 0 1 1
Total 61 260 68 284 73 571
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Bull. Natl. Inst. Health Sci., 118, 139-140 (2000)

Reference Standard Data

TH]

SES AR T 7 I HEES (Control 991)

AHEER - DEE - BIIRT - FEEE
B EY - FEEEE

Thiamine Hydrochloride Solution Reference Standard (Control 991)
of National Institute of Health Sciences

Miho Iwata, Tatsuo Koide, Keiko Maekawa, Hiroyuki Saito, Tsuyoshi Tanimoto*, and Satoshi Okada

The raw material of thiamine hydrochloride solution was examined for preparation of the *“Thiamine
Hydrochloride Solution Reference Standard (Control 991)”. The analytical data obtained were: assay by HPLC,

101.0%; spectrophotometric assay, 100.4 %.

Based on the above results, the raw material was authorized as the Thiamine Hydrochloride Solution
Reference Standard (Control 991) of the National Institute of Health Sciences.

Keywords: thiamine hydrochloride solution, quality evaluation, authorization, NIHS Reference Standard

FT7IVRUFOEFOERFEICHWLRIETERES
BESEEMAR “EEEF 7 I VHERESR (Control 991)”
FEIEL-OTHET S,

1. FERKEH

RHZESTEHRRNSHIDVAFLL. BHRIEBVT, B
7 272 2ml (500 pg/ml) FONGFITFEEL, BHHS
N7z DTH5H.

BAERFERT 7 I 158 (Control 932 ; HEIRHE
FEEEFR) D AMEYEE Lz, RERUEERIFRMX
IR S m e AV,

3. &

AR QECR O FEFMRRICH ), TROMUEHEE
L3 L AVAN

BESIERER © B8R, U-3210.

Hihro= 7o 78#E BERERNRLC6AR R Y
7, SPD-10AFIMHE}, CTO-6ARIA T L4 —T 2, HY
—BIASR0I0 BRI A — b9V 7 I~ RUBEER T — 5 LE
& S-mc.

# To whom correspondence should be addressed:

Tsuyoshi Tanimoto; 1-1-43 Hoenzaka, Chuo-ku, Osaka 540-
0006, Japan; Tel: 06-6941-1533; Fax: 06-6942-0716;
E-mail: tanimoto@nihs.go.jp

4. HBRAE

1) fitkru~ /5 78X EERE

EEREE T RRERE T 5. JlicoREER (Bl
AKeEHELTEL) H0050 g BHBICE Y, 0001
mol/l FEFERMICED L, EREIICI00ml & L, EEEK
ET5, ARREERUEERRS m3 2% ERICE
FRFRICHEREE S5ml #ERICME, KPBHERY
BEHBEHRETA. SO 10 IC2E&, ROEMGETHE
7a< b 7HEICLDRBEE TV, NEEREOE -
SERFIIHTAFTIVOE—-27EFBOR QG RUQs &
ks,

BEEgEFTI 08 (%) =100XQr./ Qs

PHERET  REBEFERAFVDORAY 7 — VIEHKE 33—
10000)

Ble&l

i8S © SRAR R (I E I & | 254 nm)

# % A . TSK-GEL ODS-80TS (5 um,4.6 X 150 mm)
BRI 1A SV ANKRVEEF MY YL 11 g 2
B 7kEERE (1—100) 1000 ml IZ¥EHF. Z O 600 mi
X% 7—=N/7TE b= MY VIRTE3:2) 400 ml ZHNZ
5.
it & . 0.7 mYmin

#15 LRE 30T

BT AORE D ERBEHIOMNICIDE, EROKHT
BETALE, FT3IV, REFRAFVONFIZER
L, FOFHMEN6 LD DTS,

2) WMEREBEEC L 2EERR



140 H oA s Bt £ 551185 (2000)
B SEH 2 ml ZEREICED, 0.001 mol IEREAM
MM CEREC100ml & L, REHGHE TS, T724. 0 5. HRERHA

O 2 ml ZIEFEICRE 0.001 moll BRI %
A CEMC 100ml & L, SEFRE TS, SREHEER
CIESEETIC2 &, 0,001 moll SERERM E AR E L TR
FEREEICL Y RBEATV, M 246 nm 2815
HEATRUAS ZHET 5.

EREF7 I i (%) = 100X A1/ As
N ®)
18. 15

1\:'“;:;“\:;“,\60 T\‘\'i;:“:‘:;‘-\ﬁde

_ L

2 A

25 0 b

5 25

’I‘ime(ni?n) Time(min)
Fig.l1 High-performance liquid chromatograms of the raw material for
Thiamine Hydrochloride Solution Reference Standard
(A): The raw material
(B): Thiamine Hydrochloride Reference Standard (Control 932 )

8

EEQEARCHREERICOE, HPLCEWL LD ER
KERCHONHiRs7 O~ I A% Fig ISR L, ik
7ax b7 7HETOERMEIE, 101.0202 % (n=3),
GREREETCOERMIZ 100402 % (n=4) TH-o7:.

=
HEEF7 3 UHEEQEEICoXx, AREERLIEIC
Ettaet LoR, BVEELRAMEFENEEERE L
TtHoa s B2ATA2bDEEEL, Control 991 & LTH
& -RArTarZEEL

£O
e

X ®)

1) Kitajima, A., Yoshii, K., Komatsu, H., Ishimitsu, S. and
Okada, S.: Bull. Natl. Inst. Health Sci., 112, 192 (1994)
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Bull. Natl. Inst. Health Sci., 118, 141-143 (2000) Reference Standard Data
VRS A AT ICTEEEE b o 7 = 0 — VAZEHE S, (Control 001)

AHER - DHEER - BT - e
ax H* - EHEEE

Tocopherol Acetate Reference Standard (Control 001)
of National Institute of Health Sciences

Miho Iwata, Tatsuo Koide, Keiko Maekawa, Hiroyuki Saito, Tsuyoshi Tanimoto®, and Satoshi Okada

The raw material of tocopherol acetate was examined for the preparation of the “Tocopherol Acetate
Reference Standard (Control 001)”. Analytical data obtained were : IR spectrum, same as that of the Tocopherol
Acetate Reference Standard (Control 974); specific absorbance, Ei%. (284nm)=43.7; thin-layer chromatography,
no impurities were detected until 50 pg of the loaded raw material; high-performance liquid chromatography
(HPLC), total amount of impurities estimated to be less than 0.6 %; assay by HPLC, 101.7 %.

Based on the above results, the raw material was authorized as the Japanese Pharmacopoeia Reference

Standard (Control 001).

Keywords: tocopherol acetate, quality evaluation, authorization, JP Reference Standard

FTEHERAERY [BEEba 70— ] OREZER
BRUEREICHCONWSEVEESRMEENAHT
Brbh a7 o —ViE#ES (Control 001)” (HARIER HFIEHE
) REELOTHRETS.

1. ZRIEH

EERI I - A HRXEH LD AF L Fitics
WT, FFEBECIVEEIA, BRET VTV HRILH
0.15 g oo/ NI L, EFREWRL 2%, HHIAD
DTHAH, AL L2RBRAIIROLBY THS.

B u< 77 (TLC) HIZ X HHBEEER [ 37.5 ng
FTCMHMOARY FEROLEW, ko< o577
(HPLC) EiC & 2 HERER - THE 0.6 %, HWHEOGH ©
E'%. (284nm) 43.5, & (HPLC#) : 100.0 %.

2. tEYERURE ,

BAERHEER N 27 20— )ViZEHS (Control 974 ; H
BIEREG LT D 2R L L, RERVERIISF
RER AT GERAR S A e AV 7.

#To whom correspondence should be addressed:

Tsuyoshi Tanimoto; 1-1-43 Hoenzaka, Chuo-ku, Osaka 540-
0006, Japan; Tel: 06-6941-1533; Fax: 06-6942-0716;
E-mail: tanimoto@nihs.go.jp

3.% B

REEREEOSHFMRBRICH ), TEROWEEE
R,

BRI EEET © RESMERT, UV2500PC.

WYL IEIEEET ¢ HA 56, FT-IR VALOR-1I,

Wk ax 77 788 BERERUEOLC-6ATIE >
7, SPD-6ARIMHIZR, CTO-6ABIN TG LA —T 2, HY—
B AS-8010 R VB AR B T — & LIRS

4. RBAHE

FRTLo0IEINE, BE1T=REEEERFO—KR
BRERY B ra7zu—~v] OREBREZER L.

1) HERE o< bhZ97 (TLC) EIC X AHERER

HWEW . ANVIHRETVa—F v FEBRS ) A5V 60
(E&, 025mm).

BB brv .,

SEHE R IR E I O B L | A REURL R OV H BT HE
B001gZey, ~FHr20m A THE»L, REHE
WROTEHERHRE T 5.

R UHRIE | SURHERR ORI 2 ~ 10 pl 27
BHRIZAFEY ML, #15cm B L%, RET5. B
Atz E L%, 110CT 15 S fma L, EhicH
BT CHET 5.

2) Wkrux /T 7 (HPLC) T & A HIEEER

L ECR R UFH BAZHES, 0.040 g TOXEREICE D,
FREREEALSY /- 50ml 2B L, REBERY

i
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# B # % 118% (2000)

BEERE TS, IO 10ul IZ22%, ROLMGTH
kou< b9 7L DREXITS.

BledltF
Wi Egs | RSMBOEERERT (BIE R & 284 nm)

77 4 0 ULTRONN-CISL (4.6 mm ¢ X 150 mmL)

BEAR . 27—/ KIBHL (98:2)

i & . 1.1 mVmin

#17 LR 35T

BRHEE  REEAED 1 BicHLTsE%EAL, &
LN E—SDESHREBRKD T VAT — L OF 110 DE
BB L) ICRBOBRELRET L. &6, 0%k
HCHREHEARED 0.05%ICHY T REFEATLEE,
ChAEE— 7 OHEMPRBENS L) ICERELHET
5.

HERHEHA . FHEY - 0%, Bt 70— 0
REFEEMI D 2 5 OFEF

5. RBRER

ISR TN

EEHFEHOBEOWT, tBWidiwn,

2)  EHIBINANRZ MVEUHELE

HREOAETHHE L EESEHOLY / —VBHEO%
HRIA RS PV ERBET S & &, 2784 KU 284.6nm 3%
KRB EZED . T/, BRARNERICBIT ST
FEES (284 nm) 1% 437 TH o7z, EHBNA RS PV
# Fig.1 IZR7.

0.7

0.6 |

0.5

Absorbance
o
-

o
e
T

02

0.1 f

0
250

275
Wavelength (nm)

Fig.1 Uliraviolet absorption spectrum of the raw material for
Tocopherol Acetate Reference Standard

300

3)  HRSMRIANZ BV

ZERER O (NaClR) 12 & 2 RIMRINA ~ 2 b
V% Fig2 (SR $. HEEREHSORNMBIRARS vz H
BEBEGOFhLEETI LA, A—EROL ZAIZEEE
DEEORIPABDH L7,

10

3

Transmittance (%)
a
3

8

-

2000
Wave number (cm™)

4000

Fig.2 Infrared absorption spectrum of the raw material for Tocopherol
Acetate Reference Standard

4) TLCH:IZ L AHERER
FEELEHRUVBREEGOER Iu< b s 0%
Fig3 IZR L7, REBHRUVERERELDL, ARy b &
SO0ug TTEEARyY PIBDOSNEh ol T, Kik
WL BEERE 27 2 O — WV ORBRAIL 045 pg Th o 7.

Solvent
font

¢ ] ] [} ] ] s .

A 8 [ 2] E F [<] H ]

Fig.3 Thin-layer chromatograms of the raw material and Tocopherol
Acetate Reference Standard (Control 974)
Solvent system : toluene

Spot : A to C are 50, 25 and 15 pg Tocopherol Acetate Reference
Standard (Control 974)

D to I are 50, 25, 15, 0.60, 0.45 and 0.30 pg of the raw material,
respectively

5)  HPLCH:IZ & BHEFERER

FHERERARUCARBEERICOE, HPLCEIZ X 24
HETEHEON ks O N 7F L% Figd \IRL7:. ®
HESETOFRMY Y- o IERSER T 06+
0002 % (n=3), HEEHH T8 % LEEFENL. LB,
HPLCH#: I & D BIREIZR 2 S R, TLCEIZE -



EHS  BvRERERAMEENCIERE 2 7 20— ViEER (Control 001) 143

TR EIRT, BEEE b2 7 20— L OXBYWEIEEICH
72D HPLCEF L VAL FMFEERTHH I EFHLML
ol

— T ——

@ o ®

A L
10 20 0 10 20
Time(min) Time(min) .

0

Fig.4 High-performance liquid chromatograms of the raw material (A)
and Tocopherol Acetate Reference Standard (Control 974) (B)

6) TEE

HEEESZMRCHEA IO S 78I 28RS
BeiTo/-#E, 10,7213 % (n=4) OEIHE LN,
%8B, ERERRCBITAHEI OV S 7 HEOBRESRNE
i, BRIEEE a7 20—V | OEREFER L.

= &

FfR b a7 o—-VZERERICOE, BREEERE
RIEFOREA TR LR, MEOMICEYWEEERY
MEIZEDOLRWIL2HBEALL. ZoOEEIL, HTER
R AETENEITER S (BRERFERSR) LtLT+5
TR BEEATHLOLEEEL, Control 001 & LTEE - AL
AERBL.

X ®

1) Kitajima, A., Iwata, M., Maekawa, K., Saito, H., Tanimoto,
T. and Okada, S.: Bull. Natl. Inst. Health Sci., 116, 177
(1998)
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Bull. Natl. Inst. Health Sci., 118, 144-146 (2000) Reference Standard Data
BT ER A S EEER P 27 20— VEE#E SR (Control 991)
SEHEAR - MHER - BT - Pk
AA& Y- R

Tocopherol Reference Standard (Control 001)
of National Institute of Health Sciences

Miho Iwata, Tatsuo Koide, Keiko Maekawa, Hiroyuki Saito, Tsuyoshi Tanimoto®, and Satoshi Okada

The raw material of tocopherol was tested for the preparation of “Tocophero! Reference Standard (Control
991)”. Analytical data obtained were: IR spectrum, same as the Tocopherol Reference Standard (Control 941);
specific absorbance, El%,: (292 nm)=72.9; thin-layer chromatography, no impurities were detected until 50.0 pg;
high-performance liquid chromatography (HPLC), trace amounts of five impurities were detected and the total
amount was estimated to be less than 1.4 %; assay by HPLC, 99.9 %.

Based on the above results, the raw material was authorized as the Japanese Pharmacopoeia Standard

(Control 991).

Keywords: tocopherol, quality evaluation, authorization, JP Reference Standard

BT=REBRER LT Tra7zu—N] OBEEREBRR
UEREICAVL NS EVEEMLRMTEMTITRER
“ba7zo—iEHS (Control 991)" (H A B HIZHE
fh) ZEELL-OTHRET 5.

1. ZRELEH

FEEREHE L —FA S L VAL, FEitics
WC, FFEFEIZLIVHESh, SEARTTHaeT v
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HTETH SO IO IZDE, KROELHETHET



EHS  EVEREKAEGREEMER P o7 20— ViZ#ER (Control 991) 145

o7,
Blestt

Mot i | SBSVRECEERT (R ¢ 292 nm)
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SUETREEAED 005 BICHYTIRZEATH L X,
BONZEY—-OERIBREShDS &) CERELHET
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Fig.l Ultraviolet absorption spectrum of the raw material for
Tocopherol Reference Standard
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Fig.2 Infrared absorption spectrum of the raw material for Tocopherol
Reference Standard
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Fig.3 Thin-layer chromatograms of the raw material and Tocopherol
Reference Standard (Control 941)
Solvent system : toluene
Spot : A to C are 50, 25 and 15 pg Tocopherol Reference Standard
(Control 941)
D to H are 50, 25, 15, 0.20 and 0.15 pg of the raw material, respec-
tively
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Fig.4 High-performance liquid chromatograms of the raw material (A)
and Tocopherol Acetate Reference Standard (Control 941) (B)
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Reference Standard Data

E 37 R B AR BF A
Y UEET L F=vary M)y AfERES (Control 001)

BHFER - MOEER - BT - FEEE
/A B - EHEESR

Prednisolone Sodium Phosphate Reference Standard
(Control 001) of National Institute of Health Sciences

Miho Iwata, Tatsuo Koide, Keiko Maekawa, Hiroyuki Saito, Tsuyoshi Tanimoto*, and Satoshi Okada

The raw material for prednisolone sodium phosphate was examined for the preparation of the
“Prednisolone Sodium Phosphate Reference Standard (Control 001)”. The analytical data obtained were: pH,
7.9; optical rotation, [ a J¥= +98.0°; UV spectrum, A max of 248 nm and specific absorbance in ethanol at 248
nm = 306.7 ; IR spectrum, same as that of the Prednisolone Sodium Phosphate Reference Standard (Control
892) ; thin-layer chromatography, five impurities were detected at 200 g g ; high-performance liquid chro-
matography (HPLC), total amount of impurities estimated to be less than 3.7 % ; residual solvent, 0.0 %

(ethanol) and 0.0 % (hexane); loss on drying, 2.7 %.

Based on the above results, the raw material was authorized as the Prednisolone Sodium ‘Phosphate
Reference Standard (Control 001) of the National Institute of Health Sciences .

Keywords: prednisolone sodium phosphate, quality evaluation, authorization, reference standard
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1. BELER

EREREREEARERASHT L VEALZ. Ftick
DREBEBIIRDOEBY)TH D, FERE [ [aB=+99" ,
pH : 82, WEEEY VEE: 02 %, FIREE 1.7 %, Wk
o< 257 (HPLC) {HIZ X DHERER : 97.1 %.

2. SRMERURE
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Fig.1 Ultraviolet absorption spectrum of the raw material for
Prednisolone Sodium Phosphate Reference Standard
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Fig.2 Infrared absorption spectrum of the raw material for Prednisolone
Sodium Phosphate Reference Standard
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Fig.3 Thin-layer chromatogram of the raw material and Prednisolone
Sodium Phosphate Reference Standard (Control 892)
Solvent system : n-butanol/water/acetic acid (10:2:1)
Spot: A to C are 200, 100 and 50 pg Prednisolone Sodium
Phosphate Reference Standard (Control 892)
D to F are 200, 100 and 50 g g of the raw material, respectively
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Fig.4 High-performance liquid chromatograms of the raw material (A)
and Prednisolone Sodium Phosphate Reference Standard
(Contro! 892) (B)
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11) REHEE
AEESRERICIZZY ) —VRUAFH > OBRFIZE
Hoedholz.

12) RCREE
RIZHEREROERREL 27 % (n=2) (02 ¢ 105 T,
WIE, 58H) Thot.

#

VYRV F=vard by ABEGERIIDE,
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EVEEmEmEAENFEERT A T V4 — ViE#EM (Control 001)

EHER - DMEER - W TF - e
ax HY - FEEEeE

Estradiol Reference Standard (Control 001)
of National Institute of Health Sciences

Miho Iwata, Tatsuo Koide, Keiko Maekawa, Hiroyuki Saito, Tsuyoshi Tanimoto®, and Satoshi Okada

The raw material of tocopherol was tested for the preparation of “Estradiol Reference Standard (Control
991)”. Analytical data obtained were: melting point, 178.5 C: UV spectrum, 2 max of 281 nm and specific
absorbance in ethanol at A max = 77.7; IR spectrum, same as that of the Estradiol Reference Standard (Control
964); optical rotation, [ « [B=+ 79.5° thin-layer chromatography, one impurity was detected; high-performance .
liquid chromatography (HPLC), total amount of impurities estimated to be less than 0.6 %; loss on drying, 3.3
% assay, 100.2 % by UV spectrophotometry and 99.9 % by HPLC.

Based on the above results, the raw material was authorized as the Estradiol Reference Standard (Control

001) of the National Institute of Health Sciences.

Keywords: estradiol, quality evaluation, authorization, reference standard
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Fig.l Ultraviolet absorption spectrum of the raw material for Estradiol
Reference Standard
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Fig.2 Infrared absorption spectrum of the raw material for Estradiol
Reference Standard
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Fig.3 Thin-layer chromatograms of the raw material and NIHS
Estradiol Reference Standard (Control 964)
Solvent system:petroleum ether/ether/cyclohexanone (3:1:1)
Spot;A and B are 50 ¢ g and 0.5 ¢ g of NIHS Reference Standard
CtoIare 50, 0.5, 0.25, 0.1, 0.05, 0.04 and 0.03ug of the raw mater-
ial, respectively
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Fig.4 High-performance liquid chromatograms of the raw material and
NIHS Estradiol Reference Standard
(A): The raw material
(B): NIHS Estradiol reference Standard (Control 964)
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BT o 745 R, 99.9 % 1.8 % (n=3) DIEATE S Nz,

=&
ha af

LAMF VA - NVEEEGRERICOE, EREHER
(Control 964) % BIZFDME R LR, WHED
B FESICZO R WS L2 L. ZOHELS,
AEELEHIEVEESEMFENAIEERE LTt
Fh@mBEEAETLLNDE L, Control 001 & LCTHE - Bif
TaHrILEL

X ®

1) Kitajima, A., Tagashira, Y., Maekawa, K., Yoshii, K.,
Komatsu, H., Tanimoto, T. and Okada, S.: Bull. Nail. Inst.
Health Sci., 115, 187 (1997)
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Reference Standard Data

H

ES S AR EEFRTANY v F Yy ARERES, (Control 991)

FREEE - EWER - AIET - /K BiY - EEEsE

Heparin Sodium Reference Standard (Control 991) of National Institute of Health Sciences

Hiroyuki Saito, Miho Iwata, Keiko Maekawa, Tsuyoshi Tanimoto* and Satoshi Okada

The National Institute of Health Sciences Reference Standard for Heparin Sodium (Control 991) was pre-
pared. The potency of heparin sodium for the candidate reference standard was assayed against “Heparin
Sodium Reference Standard (Control 871)” by JP Method in collaboration with 4 laboratories, and estimated as
1,453 =+ 25 units per ampoule. The filling amounts of heparin sodium in ampoule was estimated as 7.46 £ 0.15
mg per ampoule, and the precision of filling into ampoule was about 2.0% as C.V.

Based on the above results, the candidate was defined as 1450 units per ampoule, and was authorized as
the Heparin Sodium Reference Standard (Control 991) of the National Institute of Health Sciences.

Keywords: heparin sodium, reference standard, potency

BAERE [~ y+ by v a] oEgECH O
HEVEEMAMBFERER “~23) v+ M) Y ASESR
i, BTEIREZIOKELFBL, EEEIHILI-ZE
»bH, 4@, FEEFOTy FEEHTLIILLL, EHY
EEGERBEMER “~) rF b AFEER
(Control 991)” (BAZERFIEHER) ZRELZDOTED
HREBRETS.

1. {FESER
REEGABE L LTOANY Y F b Y o L ARELEE
BAKtL L D AFE L. FEHOMIZTOFEMIZRDE
D THA, HIEN: 20378 \I/img (IBEE), FZERHE
665%, BHERE . 213%, FMI)ULEE . 1252%.

2. ERGEHRKOHE

ERESGHER (AN Y F PY Y L) 21g R EHAK
3000mliZiEd L, 275> 74 0%— (045um) % Fl
WTAHETAH. ATWILOmIFEREIZED, XATUE (B
B 3ml, #f, FIAH) \CAK, HEEREL. 3
R GMIIROED L LA Fhdik : —20C, 48R,
— Kzt —10C, 9685, 10~ 13 Pa, ZR¥4R : +
30C, ISB¥fE, 6~7 Pa. BRESECIRIL, N4 TIVEEIZT A

#To whom correspondence should be addressed:

Tsuyoshi Tanimoto; 1-1-43 Hoenzaka, Chuo-ku, Osaka 540-
0006, Japan; Tel: 06-6941-1533; Fax: 06-6942-0716;
E-mail: tanimoto@nihs.go.jp

BRUTVIZFry TRIEL, BH LA,

3. HBRAZE

1) SEdlE
BAERANS) 2 F P 9 aOERFEIIE> THEI%:
#lE L. HEFHET HEOZEERIZIERIRIAINY) ¥ 5
My aEERES (1,51584/7 > 7V Control 871) V %
::ARYAR

2) BTARRERE
BARFEFHEERAENRED “EHH (BRERILR
HBLTHCWAEHF)” OBRERZERALCHATYOER
ZHE L.

4. HBREE

1) Fiffi

N EIZ4BEATITY, R Fh 14~ 24RIOHZE%:
iTo7z (Table 1). A TOREMHMOFIEIZ & { —3K
LTBY, MEBOEHFRK (CV.) b 1.0~2.0%DHH
ihotz., O LML, EHEMHOBEHFYM)GELE
SEHMBD 1AL T AUHONEE KDL L L, 20
R, INATAHROANRY Y F MY Y ADEHNEIR
1,453 £ 25 HfI T o 7.

2) BCARDH—N%
EHSBRHEUNLTLIIDONT, ZOKTANER
OEBEFHEL, L£TADE—ERET L7z, Table 217K
T LI, NEEIITT746£0.15mg (n=84), ZEIREX
(CV.) 1220%TdHY, LTAOKFERTFIZER ST
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IRYARE )i R-F (AN

Tab! laborative assay for candidate Heparin Sodium
Reference Standard

Potency(unit)/vial

Exp. No.
f.ab. A Lab.B Lab.C Lab.D
I 1,438 1,463 1,495 1479
2 1,502 1,472 1,504 1,442
3 1,426 14,73 1,490 1,452
4 1,439 1,465 1,502 1,457
5 1,403 1,427 1,454 1,461
6 1,433 1,459 1,460 1,433
7 1,424 1,480 1,421 1,464
8 1,408 1,462 1,450 1,475
9 1,399 1,457 1,432 1,430
10 1,458 1,465 1,471 1,465
11 1,432 1,428 1,475 1472
12 1,416 1,446 1,435 1,452
13 14,34 1,428 1,429 1,441
14 1,458 1,440 1,381 1,407
15 1,453 1,440 1,465
16 1,456 1,486 1,480
17 1,465 1,471 1,442
18 1,451 1,472 1,470
19 1,446 1,459 1,439
20 1,450 1,485 1,451
21 1,451 1,464
22 1,450 1,489
23 1,436 1,496
24 1,434 1,479
Mean 1,434 1,452 1,464 1,454
+S.D. +27 *15 +30 +19
CN{%) 1.9 1.0 2.0 1.3
Total
Mean 1,453+25
+S.D.
Table2  Variation of filling amounts in vial of candidate Heparin
Sodium Reference Standard
Heparin sodium contents in vial (mg/vial) n=84
7.30 7.54 7.64 7.23 734 7.49 7.28
7.42 747 7.45 7.39 7.62 7.25 737
7.34 7.13 7.46 - 734 7.8 734 747
7.40 748 7.59 7.73 7.56 7.54 7.54
7.65 7.41 7.29 7.79 7.52 742 7.1
7.19 7.14 7.62 7.72 7.56 7.60 734
7.53 733 735 7.42 7.40 1.75 7.42
7.41 7.65 7.26 7.58 7.66 715 7.81
735 7.44 7.80 739 725 7.41 7.78
7.66 7.28 7.69 7.65 7.26 7.83 7.46
1.75 7.54 7.38 7.36 7.51 7.36 7.33
7.36 7.74 7.52 7.19 7.43 7.29 7.61
Mean+S.D.:7.46+0.15, CV.:2.0%

% =R

AR) F MY LABBROBEEELTDAS) V|
VU LEAFL, THhEER, SE BRERTAIIEC
EoT, ZEEMEHMTREELL. COBREREHRODI1
NWATNVHELYONEWERIZT46+ 0.15mg (C.V.:
20%) THolzl &hb, NATANODFECTAKER X
CEHENTLZLDLHAWL, ZOERKMEHZO 154
TVB)OEHENEY 4 BEOERETRERLE. R
EROKER, 134 7720 1,453 £ 25 B~ 3 > F
MIDLEERETALOLEEENLZEHDD, REHR
BRI TURIZ 140 DANRY »F NS ARG
T5L0LBEEL, IhEEVEREMEMREFERFEITAS
Uy by AERER (BARERAEESR), Control 991
LLTERAEETAZLELT.

X &

1) Yomota, C., Hasegawa, R., Komuro, T., Okada, S. and
Kimura, T.: Bull. Natl. Inst. Health Sci., 107, 148 (1989)
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Reference Standard Data

E vV EELEMMENERTZ Y F &2 2 10000 21 G
(BARZERHF Y F M > 100004Z#E5) (Control 0001)

w2 * - GTEET - AR - EREE

The Endotoxin 10000 Reference Standard of the National Institute of Health Sciences
(the Japanese Pharmacopoeia Endotoxin 10000 Reference Standard) (Control 0001)

Yukari Nakagawa*, Hideko Maeda, Toshimi Murai, Yoshinobu Horiuchi*

To establish the fourth lot (Control 0001) of the Endotoxin 10000 Reference Standard of the National
Institute of Health Sciences (the Japanese Pharmacopoeia Endotoxin 10000 Reference Standard), a candidate
standard (CS) was prepared and then evaluated. The potency of the CS was assayed against USP Endotoxin
Reference Standard (Lot G-1) and defined as containing approximately 20,000 endotoxin units (EU) per vial by
a collaborative study in which 5 laboratories participated. Based on the results, the CS was authorized to be the
fourth lot of the Endotoxin 10000 Reference Standard containing 20,000 EU per vial.

Keywords: endotoxin, reference standard

BN EESERBFEERT Y F b % ¥ 7 1000021
(AFERF Y FFX¥ 10000421 7) ooy b
(%54 MZEHES, Control 0001) FEHMEZARL, JiffikE
D-OORARELXERL-OTHRET S, 28, EIE
FERAMTEMERLT Y F MY /EER (BEERAHT
YEMERDUEER) L, FRRE4R I1HECEZESE
SAEREERETT Y F M2 210000885 (BEER
HLy FRED 2 I000045HER) EAFFARESRI.

KERMARUVAE

1. EESERRUEE

WIRZBWTKBE (E coli UKT-B) XA L 0 i
FHELAURSHELZEH (Wioy FCHERALALOEFE—
FAD) & LTHW, RKERZZC F M2 CRBRKIC
BRL, SRICRERE LT o b=V EiRMLEN
AT VIERMICHTEL (EERSER2 pgivia, v~ =}
— )V 40 mg/ivial), HEEHBEL b0 EEREELE L
(At ARSI B R KE L 72).

2. B (T> Kb HIDHBAL, EU) ORE

* [E] 3 R YHERT 2CRT

# To whom correspondence should be addressed:

Yukari Nakagawa; 1-1-43, Hoenzaka, Chuo-ku, Osaka 540,
Japan; Tel: 06-6941-1533 ext. 21; Fax: 06-6941-5672; E-mail:
yukari@nihs.go.jp

ZiE R EFMRONMIL, KESEFHEES (USP) =~
F ¥y EHEf Lot G-1 (EC-6, 10,000 EUpvial) % 351
ELTINIZHTHHENNMZHHTAHILIZEDRD
7z, HEoMERR, LHEBEE L TEIEELEGEED
FMABZET (EMRERE) RUBESRBEN DT (B2
HEFZEER) o288, ENOFXELY F Mo v EnkE
(74— FRIE) FELEL L THBMETERAEH,
EFETEHRAS LR UE(LEELHAZHE O3 1T DR
SEERAIC L A IEFERETITo 72,

3. HERUEE

HMEREOQ Y FEK—T 57201, SMELEIS 1
HETo GI3HES) A—0y b5 4 &— FREHIRM
&7z (Limulus ES-1I Test Wako, lot KMJ1317 ; FI4E3E
T %, Endospecy ES-50M, lot 36M029 ; &£t T ¥,
Kinetic-QCL Kit, lot 9L1480 ; H—{bZH ). WEIXHE+
SHRERAERAI P MF Y YREEICHERL,
Limulus ES-II Test Wakoid 7 4 % 5 4 v 7 — B &,
Endospecy ES-50M J UF Kinetic-QCL Kitid 1 1 25714 v 7 —
gzt hiroi.

4. BEHZE

FERUEEL, SeMEPELLEHERELFA—0
7O A= ViiEo TiFo 7. BMEHEDOHBE % LLTIZEH
9.

USPZHE G R OEHE SR 5 (17,000 EUNvial & {RE) %
TP MY UREBHKIZERL, 5,000 K U710,000 EU/mI
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DEBEARL. 2B, ThSHIIDOVTHA TIVETIE
LOENDHLTEEMEEZRE L, USPEERIIIRTOER
Z, BEGBEHMIISATOERE -V L THW, 2
DT =N LR, EE3HEICDbY, 2hEhs3
FRAFZ & 1AM LAERT- 72, S¥ELHIER
OWERE L AVCTHE LT, EL 2 BB 3HEET~
TOREXFCCHEER T 7.

5. M HEOEH
BonlHEEs S, BERCOEOERE, FITHEH
KLY % BREE AW T, FHTRERE (EYSEsx
WXy FRFLUREBRESE ZE) XD, USPERESICH
T AEHEREHSOM ML EL Lz, o fHah
lEBER L0, UTORETSFHLEZITo 7.
1BETIREIIOWTITo 290 GAHFRFIX 1[0
EX3AM) OPELFA—FEHETTOIREYELIEIE L &
L, 1HEE 1 REHA CoOXEMMDEOFHHEME U
MOFEOHEFEME VM 2ROz, 3BEXIRAETOHET
#BohizoffoMizoE, TRICED VmOoHKzEAL
FTHEMEFHEWM 2R, SHETOTHHSHME L
7z,
wM={ = (Mi/Vmi)}/ = (1/Vmi)

BRRUEER

iEmve O e & o 1 % 17,000 EUlvial £ {5E L, USPE
T 2B G ER RO E L L FREIC L Dk
Oz, LRREDERIZH o T, BEIZBIFLIVF
b v 100 EHE REGSORRBRED KBV TERLE

7O a—VZERL, DERERE L GEESINL3IE
HORELHWTERLTo2, 70 ba— VoMERICY
oTiE, R ERVBIHALER (EHE) T3
PEVHERR L, EHERTELRVWHA LR ENLPREEOR
HOWEEIR->TEHL LR WL I ERB L.
ZBRATHEREEERL, 3EHORFEICO>WTZER
ZTRIHE (ELAEM M, £¥1480) ToflET -
Y RF. TS OEFICEL, BoRTHEBESIERGE
ERTHAEIrERBHERERTOy MIIDRE L 25,
EF-F 2~ UTHEM L 2BE T RERTIIGTES N
(F— 71T L7:) 25, HERELZOVWTBEBEILIZ7—
FERFEMLAZEZA, REFDOFT— 5 IIBWTERENE
o (F—FIZEBK L), £Z°T, Table 1IZ/RL7:
912, FTERFLCOVTHEE (A~E) HATHEM
3373l (Log RP) OFHEMZEHIEL, BoHN-9EOM
iZowT, NIEBERILLCEALZS A TNETEYL, £
KROFHAMNEE KDz, Tabb, MOFEOHEEME
Vm %Ko, FOHEKEErEAwE L TNMEFHEwWM %K
iz, FORER, wM=0.1081&%0, FoMxdiie LT
Kdbhs, EEOFEHHEIMIE 1.2825 L HE SN,
COBEL Y, BEMERERODMEIZ 21,800 EUlvial &
FEEINT. kB, ELLTYIVILE (Pyrotell; ACC) 2
LY, BEEREHSONMERD R, 19,300 EUlvial &
W) EDF LRI,

Dikomiicdeo &, AIZHESER & O H{E % 20,000
EUlvial & #t5E L 7=,

Table 1. Summary of the collaborative study for determining relative potency of the candidate standard

against USP endotoxin reference standard

LAL reagent/Laboratory

ES-Ii Endospecy Kinetic-QCL
A B E A C E A D E
M 0.1609 0.1937 0.1805 . -0.0065 -0.0290 -0.0244 0.0048 0.0769 0.0680
Ve 0.0000465  0.0000047  0.0000769 0.0045158  0.0035566  (.0063236 0.0001366  0.0022869  0.0005625
Vm 0.000171 0.000038 0.000291 0.000315 0.000155 0.000254 0.000112 0.002332 0.000368
w 5852.8 26314.0 34347 3176.3 64423 3936.1 89114 4288 2718.6
wM 0.1081

antilog wM 1.2825

M: mean log R. P. (n=9), R. P.: relative potency, Ve: error variance, Vm: variance of M, w: weight, wM: weighted mean of M.

A-E: laboratories participated in the collaborative study.
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SREFICEFE LT Y FFE Y 2 1000028 S5 5
OHMIZDWT, USSP F P& ViZ#G Lot G-1 &3
BELTENSBEICLHAREZITo HR, EHan
DFHii2 20,000 EUNial DY F X V2 EHTHHD
LEHLNL, CORKIIESE, KMt ELEEM
AREGEMEFZY F 322100008 S (HAEBH
Y F ¥ 10000#2H#5) (Lot 4, Control 0001) & L,
FOINATAHIZZ Y F XTI V2000 EUELDLD
EREL

by, REERORBHEH R AL TR
R&it, ECFTERRASUROEEFERERSHO
BRI ARICRAR LT

X B

1) Murai, T., Nakagawa, Y., Maeda, H., Kawashima, K.,
Tanaka, S., Tamura, H., Tsuchiya, M., Takaoka, A.,
Matsukawa, M. and Horiuchi, Y.: Iyakuhinkenkyu, 31, 75-79
(2000
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Special Researches

R plliisata e

T O 728 O B 2 D S T B EIRE D
FEMICBET A% (B35 K)
CERL9EE~F 11 £5E)

EERLTELOLTI2E8ELEYHOL Mt T2%E
HHZEOLDIZ, kL )EREWEHV-RBRESER
ERTwAD, EAOHTRELSLELE ERTWA, 7
LW, SROBWERY, REBICOALZERITERS
NpZ LItk T 2L RLHNERBEOME, LEWHD
R#LLicBiise M LERBY L OMOBEOME, 1t
FWREOBE T EENIT TR EX RS 5 85k
BENEILRERLENRTVWLRWEE, B SEoMEL Y
BEITOoNhG, &2 AT, IHEOTTEYS, MEEFEER
i, 254 ET R EOMESRIE, IEROEBRIYIC & B EK
LARVBEURSE VARV TOREWMZ, ML v
723GFLRNVTHETE L WREME R R T 5. KIFFEHE
1%, bW HIC L 2 ERAOFTFEIRPHMERICE EDR
EEZHEIL, RRORBRELORBIIBWTEDOHNE
HLFEEREZHLICL, FHOFRERELE LTRATS
EIEY, EERR T ARENFMOBELLEO S
TZEEREBE L

H—RKWEHE (PR 6FEE~8EE) BT, in
vitro Tz W LIL in vivo DRERZZ FIWT, 0¥, filaBr 0
HEL v ot nigiEoBHEICO VTR L, 55
BIEER L LT 02 DRSS ISR ATRET
HorILEWHLMIILA, BITRWEHN (FROFEE~
14EE) TR, HLVIBEDOS SR AEEEZED, &S
PRFEPOHPIITFMTFERL LTHEEI L) P2 S HIZHR
L7, #FEMETIE, EET v PO, BIR, BES L
Ul S h OMESETHE (Ca, Cu, Fe, Mg, Mn B
XUZn) 279 ARG HEEL (ICP) £HWT
HEL, £EEELUOCHMRETEIZBTHMEEBETHE
DFENY — Y OEfrHS I L, #aETi’k, EH
MEE LTHASNEHEVIEARME LTRET ST
WDHDBHEERE A 4 VIR EER, HERES B

RSN REER IR | % i

UskESLeEL, 5FICHMEESOR/AER)HERE
PEYLETFMICB W THHZEHIBE L 22 TR £
oA L7, EPESIBT, MERFELZRSLAS Y

b D% RT-PCRE: Z FHVTHREL, 1 e ¥ ¥ 8B,
BC, BEmRNAMHHEENIIZL LTHEHTHLZ L EH
LT L7z, e b TlE, EEYEDL o7 LLVE
—REEEE ~ A MR E IV Tin vitro TR 5356,
T A MARANOERIGERNOEEEEOTEZLDLI LD
HETHHI L, FIBMBKIOFTUHICHEERZ RS 3
> %> B-hexosaminidase X7 Y T7% {, EERMEFEHE % {EV
FIBIR 3R Lo TSN AT A P A4 VEHOEH
RY—H—THbILEHLMIL/. EEHTIE, T
KBFHY 72— VoEHIE LT, CYP4SORILR%E
AwasaZeT, e MFIZuvy—20ME5%HENTETD
LT EEHLMICL, WETR, BEPORERVAWE
T & % 2-amino-1-methyl-6-phenylimidazo [4, 5-b]-pyridine
(PhIP) % T v MG LT, REMBKILENB L UE
FHMFHIRBE LR, BH2EFAYETH S 4-
hydroxyaminoquinoline (4HAQO) & [l£%iZ, DNAf+infk
TR, BAAMRSEED X IR RE AR RS 1 B Tallige
BIZRIT L L EHLMIC LIz, KR EMRRE T
i¥, butyl benzyl phthalate (BBP) 3 L UFtributyltin chloride
(TBTCI) Z2WTHRES L, BEERT v MCBIT 5 HER
RIS 2 B TAZ LI X Y IEEFEER 2T
AZEDNUETHLZLZHLAMIZLL.

Pl E, SHLERAAT o 2R OREITOWTH L7255,
ZOEAHEARICOVTRATRRET &4 0EE2 S
Bahizv, RERIILFYEOLEWTF MO/ D DR
BrORB s EUREL LT AL LENE LTRE
L, #0422~ aryOFEFEBBLERA-LEbD
EERDbRBY, EHICFNETOE- T AEZH#D D
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LEVHD. TBFL v HILEMR-M26
4, Sk L ORPER, BB, BBRGEIm%, s,
MR E A 1g12025M & afii3ml 2%, 77
EMEIZE L TOERNEEBTZENETH OVEiH T ARESFAHF—THRESFA XL #
U HAREF - MINEE - &F 8 - L E DREY F— PEHHEOL, 8o, T har Yy
T8, ¥4 70V —AGEHB L UCHRBESEO 45

(8] BT, SAEDII I BLUNEKBTy bOE %

H—REE D (CRkG L CERBY O ERNL AT HRIRE i Uiy aes ek, BRI O B L. MeHdhi

DEFMZBETLEHHT, SEIECRI-F34 7 v +® DR ATEE L7, RN, R, s2iA,

26 7 B ¥ CONE, B, BEBLU7r A ToORMRE AR EEFL P2 HCTHRE - BIEHERE TR

SEPOLFTLHEDOTIEREHRET 5. ®Y L, FO5MER B DCa, Cu, Fe, Mg, Mn,

(Hi] ZnifBEE % ICP CE L 72,

1. fT A ERBIEEER24+5%, BHREHNO 5. & R
N T AFLOWPETHAFTL, v FETHEE BB, 59, Mo ATHOARES L TETA
fE AMEEGEF) LAGHKZ BHRICEN S ¥/, (1> Ai#~26> A#) %Figl, 2, 3, 41iRL7.

2. WMthB L UTIEIHE - BFEE, B, R, FrHRes FEBRIZDOWT : Ca, Mn, BLUZnitfEIX 8, I
BLUBERAL LTHAEY, HBAdTRoH LY IAKRELREIRIZL —EDHETR LTV, CuB LU
7L (Ca), $A (Cu), 8k (Fe), ¥7 ¥ 7L (Mg), MgifElEid 18 » A ¥ TIHMEATTI Wi R L 7225, £01%
< A (Mn), BIXUHES (Zn) D6LERTUEL TG WEZ R L7, ABICEI AL DN
7. not:. FelgEIXHEGIZIEoTHIML, IS WEL

3. % i RLTW .

BRI IES | FTS system 113 DURA — DRY BRIIZDWT 2 Ca, Cu, FeBXU ZniBEIZwn b

FHREE T 7 A REF o HER (ICP) ; HESLT DPEV AR L TWwWi, Fe, CulioWTIIB#IcE-T
F B4R Thermo-Jarrel As H 32 ICAP-61 HMinL7. Mg, Mnid#fH, AEICX L3OO NL

RETREDR  ZEHERERL v PHRB TR o,

Ca Cu
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Fig. 1 Changes in Ca, Cu, Fe, Mg, Mn and Zn concentration in the liver of CRJ-F344 rat along with aging
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Ca Cu
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Fig. 2 Changes in Ca, Cu, Fe, Ng, Mn and Zn concentration in the kidney of CRJ-F344 rat along with agin
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Liver( )
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Fig. 4 Changes in 6 or 5 essential metals ratio from male and female rats liver, kidney and spleen
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Table 1 Concentration of 6 essential metals in each cellular fraction
from male and female rats liver
128K Ca Cu Fe Mg Mn Zn
male  {#% - KR 97 13.3 158 530 6.35 59.1
Fravik 165 24.7 233 567 6.3 62.2
B P YESY B 5.3 6.57 83 144 1.24 58
iyoY— 91.7 8.7 591 827 29 66.1
female |3 - skugp 107 11.2 179 542 6.59 55.2
I ravl 163 20.8 285 571 6.3 59
AR 5.92 5.47 86 134 1.19 53.7
AV 87.5 7.78 802 823 29 64.4
2yAk Ca Cu Fe Mg Mn Zn
male & - kpir 98 9.1 121 458 6.57 45.7
IraVE 119 12.2 199 563 7.14 62.9
WP Y5} 4.39 8.28 81 174 1.45 65.8
170~ 81.1 6.8 492 745 2.9 61.6
female |#% - RRIRE 95 8.3 273 484 5.49 55.1
I ravy 135 12.4 396 542 6.46 63.5
IS 5.46 8.7 156 155 1 71.0
3/nY/— 81.2 7.56 1652 859 2.28 71.0
3yHAR Ca Cu Fe Mg Mn Zn
male  [#% - kGRe 11 10 150 520 7.89 56.1
Fravy 119 12.2 190 563 7.14 62.9
A YEST I 4.39 8.28 81 174 1.45 65.8
10— 81.1 6.8 492 745 2.9 61.6
female  [#% - R¥#: 89 9.6 380 527 5.33 58.7
Iravk 135 124 532 542 6.46 63.5
BT 5.46 8.7 156 155 1 71.0
iya/— 81.2 7.56 1652 859 2.28 71.0
Al Ca Cu Fe Mg Mn Zn
male B« KRB 67 10.1 145 455 5.28 47.7
Fhavyk 117 10.4 190 542 7.07 56.5
BT PES 3.86 8.69 75 162 1.12 60.4
irvav/=1 71.71 5.44 600 697 2.99 65.6
female  [ig - R@ERx 94 9 359 501 7.07 61.1
Ihavk 127 15.2 678 615 6.89 61.1
AN 5.49 11.2 249 183 1.27 66.8
70— 84.84 8.49 2499 901 2.7 72.8
syrAk Ca Cu Fe Mg Mn Zn
male A% - R 103 8.2 170 538 7.65 52.3
I havik 137 9.9 197 572 8.51 49.6
IR YESY 4.1 7.89 83 177 1.5 57
1r0Y— 73.3 4.88 620 645 3.01 54.6
female i - kBese 85 9.9 546 541 6.22 54.6
Iravk 123 13.5 793 647 7.27 58.4
WY 4.87 9.95 194 169 1.2 61.6
1ruy/— 79.6 6.58 3588 860 2.3 67.2
eyAE Ca Cu Fe Mg Mn- Zn
male B - R 109 9.04 175 542 9.18 54.5
Iravyk 128 11.7 179 571 9.04 57.7
o] Y YES 417 9.14 85.0 181 1.59 64.5
170/~ 79 5.33 689 740 3.34 61.8
female & k@R 88 10.8 545 534 7.16 55.6
=P 112 14.2 889 587 7.21 60.3
e |- 5.02 10.5 204 154 1.19 60.6
A:=Vin 79 6.97 3912 853 2.72 69.1
X 2:11 Ca Cu Fe Mg Mn Zn
male A« KRB 112 7.98 185 489 7.66 51.2
FravK 122 10.8 278 546 7.09 58.9
A 3.49 8.28 88.0 172 1.39 59.6
170/ 82 5.05 1050 737 2.7 64.4
female [t - kep | 93 9.1 527 503 6.89 48.6
I ravK 108 12.4 1044 565 6.22 57.6
W ¥ PES} Wi 3.56 8.5 228.0 152 1.11 53.9
1roY— 72 6.09 3055 832 2.5 64.5
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Fig

. 5 Ratio of essential metals in each cellular fraction from male and femal rats liver
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Table 2 LA®, 2:EREES v FOBRAY ilk)HROLATHREBE
1 weeks” | Ca ppm | Cu ppm Fe pm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 9072 13.6 50.0 1919 517 0.40 703 7173 2458 53.2
SD 476 1.16 119 145 29 0.07 90 170 108 6.37
2 weeks” | Ca ppm Cu ppm Fe ppm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 10741 12.3 33.0 1683 493 0.68 499 8009 2863 58
sD 481 0.42 2.2 142 38 0.24 75 201 70 5.56
1 week¥ | Ca ppm Cu ppm Fe ppm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 8739 15.1 52.7 2475 638 0.36 836 7164 2342 52.7
SD 426 1.10 0.96 340 26 0.06 120 216 59 3.51
2 week® | Ca ppm Cu ppm Fe ppm K ppm Mg ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 10420 11.8 24.8 2214 577 047 753 7460 2761 449
SD 946 1.37 3.27 532 87 0.17 116 609 160 4.03
Table 3 RGP DL FTTHRRE
g T IR-SYMAER
F-2 Ca ppm Cu ppm Fe ppm K ppm Ng ppm Mn ppm Na ppm P ppm S ppm Zn ppm
average 5522 9.0 164 72217 1911 87.8 1507 6382 2270 429
SD 439 0.88 22 191 48 274 85 329 70 1.11
AVITRIL  Fr—JLRYN—TA—Z215—
CRF Ca ppm Cu ppm Fe ppm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 10935 10.3 138 9220 2429 71.4 2897 8150 2648 69
SD 253 0.75 10 178 54 10.1 104 334 39 5.31
HULT7 IR -SYb-NLRI—AERRTEE
0A2 Ca ppm Cu ppm Fe ppm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 16095 5.20 285 6565 1732 63.1 2654 10928 2827 45.1
SD 667 0.18 6 81 19 1.5 31 309 131 0.75
HL7 RIR-SUMABEBHA
Ca ppm Cu ppm Fe ppm K ppm Ng ppm Nn ppm Na ppm P ppm S ppm Zn ppm
average 10013 6.9 286 10198 2885 79.7 2439 10064 2667 47.2
sD 358 0.27 6 150 22 7.0 60 219 38 1.59
FYLILEIN YR -Fyb-NLRZ—HEHH
CE2 Ca ppm Cu ppm Fe ppm K ppm Ng ppm Mn ppm Na ppm P ppm S ppm Zn ppm
average 10648 8.1 106 9558 2492 48.6 2461 9030 2676 54.0
SD 668 0.12 4 145 54 0.5 106 397 17 1.78

BRI DOWT  Feild Il EWEZRL AMiciEo
THML7. Ca, Cu, MgB XU ZnigEICRlMEB LUA
BEEIIR SN D o7, MnidBPiE, B R L TR
BETH o ORESE T CRRINBENT oo 72, K
BNTHES (Fig. 4) THET 2 LI Mg, Fe, B
#1213 Mg, Fe, Ca, MRICZIZMg, Fed %<, ARBICE
o TELARO L, FFlilagBEFoILHERE 17 A

W~7 % A % Table 1, TCHEBESMILE Fig. SIZRL
7c.

Ca, Cu, MnitEDBEVWSEIE I Pa vy FU 7> - %
BIEMRL > 3 7 UV — A > TEHSE

Fe, Mg, ZniEEOEWSHEIZI vy —-4a>3I bay
KU 7 ># - RESEN > TTERSE TH - 72,

MR IN 7 BI U P OILERE% Table 2, 31Z/RL
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A [Hid
SREMLESY c WEEY P2 A, FNVINFIUEFNY
HEXH v o, dE{CEESR, BNESA, BibF 4 B IUMEMT AT
1) $EpFsEHheE (FF—Rk) BEyYEEGESGEEMER L, RERICHW-.

& 116, 119~218 (1998)

Kojima, I., Uchida T. and Iida, C. : Press urized microwave
digestion of biological samples for metal determination.
Analytical Sciences, 4, 211 ~ 214 (1988)

2)

iR ERA TR DERMY
Fanth  TERANL, FHRE

B8]

Fyy TH#HEEAILFIVIL, b MBI IR
HTEL, Mifla e MM oERREICEREREREEZ TR
HATHS., ¥y v 7THEHBREGFTFTHEILAF IV
DORRERIZE > TELEEFHLMIL Y, ZOHE
EPEH SN TwDE, EFHE0IIRL AT TOMRM
2, FYy v THEEIHFETL. Fr v 7HEEE, HE
120mTh Y, FFHI00UTOYHEIEELIB I L,
T/, WER, ALFEHHAROEVIZL ZMERIZBWVT,
FhBEEERERZVWEZEZORTYS, L2 L, B,
IXF Y UHTFOHEILLY, BATIFTFEOKESE
IGRIREALNLZ L. axF L VG FOHBNTOE
W, FHRO—EOBMNELE, MEOERZEMNIREL O
RS, V7P MLESTFERLICBWIEOM#EIZ L
D, REFPICEBHIFERETNO0HD., TZ, I2F Y /5F
DIAREE LB b OB, a2 F Y ONEK, C
FOUDOHES L ORLITE N A 4 > LR DB,
HMRTHEMFEESICLY, 2y FIIRNIEAS TN
BBET D ODOHL. WTFhIZLTD, v v 7#eHk
2, MO AFRAY S ARFT D ECEE RN
EBETha.

AIFBIRFZEE —R T, EHMENIIRM S W5 SHRmA
g, SRS AEEEOREMER E oAt
ZHEET L, 12 well plate % AW 72 BE 2 D ST R H i
FHEVLL7. £2°C, XFREZRTIE, ERAMEHICER
borwvid, THPYE LTRET2WHMEDD 2 FHEIE A
C R, fRRARES A TS A HEME B L U ORI R
FAERELXHL,IZLE. 612, bhbhOFETES
NB/ARAERED, EWEEFHIcSVYT, fTHL
FUHBRZELLTHEATRTH2O»2HLIIT LD
12, FERESILHEME L ORISR LR
WKoWTHET . T4, SEBEOBRROMGEER
BETFHT L2010, ESMMECREZTEECODVWTHH
& CEHE L 7=,

MRLER @ VIOMIBL OB (HGPRT+) B L UEDER
¥Tdh 5 TG M (HGPRT-) 1%, EVZEESAMEER
PR - MR NY 2 XD AFL, 5%FCS — WA MEME i
AW THERLL.

RBBEHERR  fERELAFETRABEETT-
720,

FMERSMEAERER? (BHMI3EOT v MRIEDOFERD
Rlc e 25EBEWVHBL, MUY URERZITY, B0
7oHBRL % 5 X 106/ mlCFREE, 24welliZiE, 20 ¢,
96well IZ1E, Sl ARy MRICHEHETS. Mgt S
H 57010, REFNALEREEAC, | HREEESHETS.
Kot % 24well 1213, 0.5ml, 96well IZiZ, 02ml % N2 CT&
TREESERAT ). 1 BEIC, BHEEELEADRE
TEHEUEBEREMA T, BiZ6 HEERT S, FEEMG
Mo 7HBI, MRBOREL =2 -7V Ly FEET,
MRSLDRBER, NI MDY URAL, BEShH
BHBEORE B T CRATHMETS. 2> bu—n
DR B & ORI ML DR % 100% & L 7zBE, *
DS0% % HETHRBREBEORE (IC50 (pgml)) I
Ih, EREOKMHEREL L USLAEMRELZRL
7=.

[EFB & UL
6HDEEIEIZOWVTHRERL 458, A#hFEAEESE
D7 BANEMBEEREORVIIRTE, WMESF
=L (025 pg/ml) <HEEESH (0.75 xg/ml) <F W boN
TUBEF MU YA (1.0 pg/iml) <3EALESR (10 e g/ml) <
WiREsh (19 pgml) <$ELF% ¥ (S0 ug/ml) L2 h, 2
DM, REBERMEERIEW EAHLMI R o7,
—%, BIRoOBEEROMHEE AT, fEMEE
EHIZOWTREBLLER, WThosBEIE b fEMLE
FHET 2 EMAERS b7z, HIBRAERE %, IC50 T
AT L, WEES F=T 4 (26 pg/ml) <FWV bXFTUEE
FFU YL (30 pxgml) <BEEEH (16 pgml) <3HE{LFE
$h=HifEs (20 pgml) <HILF % ¥ (100 pg/ml) TH
o 72, MEESCREE HE & MIRA R R P E SR EE & DBIfRIS,
ZIZRSOMFIIF L TH ), WHEDOM THEAE LR,
LA L, MEEER, #EMEBAEICHXTHERD
§9h oz, ICSOfiCHRENTZ L, Wilgh Fov AT,
9ff, BREBLUF NV INRFIUEEF VYT ATHIE
BIMET, MRMMAEDICSofiZRLA:. 0T, &
NS0 3BOERE T, BRBERBESTOHREEI KRV
B AR RN W HEEA L R T WY H 2 2 LR
mEhi.
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KBBERAE L OBRIZOWTHNER, MRS LH
ELHVWHEAREZR L. RESDNO4EOEEETIE,
RSB EREDOR/NEMNHEEIRE & HES{LHE D ICS0
fiiid, (ZIZE CBERTH o 7.

RHEBEAZRF v A = —ANL AT — DRI
PRHWERTHE. —F, HESEIIT v MaROHE
FIROMBHEOMBETH S, TOLHIL, HEdHELE
A2 TRE LD Prb o, HRRSMLEE
EREBRAEL ARV HEEEZRLDR, BEHCH
LOFHEDO2AF L I HARARATEHVTWS Z EMXER
THdLEILND,

Fv MEORBHRIX, aAFT a3, Fyy T
ExHoTwA, —F, VISMIlROIAF I &2 xR Y
y7uy VETEWLAEER, 23AF B8 EEELT
WBERILEBIELTWS, IAF T ETTIIBENE
DHFFHRFREENTVED, Wihd, NEE& CEAIH
FBEWIZHEEL, BEr4EEETAIHEZHELTWA. C
FEO7 I/ BENIIAFV VOFTHIZCLIVELRY,
CHRBOBFIAHBIFRMEEZRTLEIONT VS, tEo
T, HilArRE-Th, ALIAFTy432HFL TS
fHlachsr s, EREICLAHEEHROIFELT I/
BESIOST L OMBERORBR, FRINLEERD L,
FMLUBERTOMESROBMRTESL. LrL, Zhoo
ERBEMNEDID I, Fyy THETHRET 00, aX
XY v OFTEACRBEEALIS S O T REMESS & BICEEHICAR
HTrUENEDHS,

HKEEL -2 RBIEOMBEENS L CRFBEER IOV T
FAELER, WERBLUMES FIT A, RS
#RL, KEEZRETAH, ANVINFIVEFII VA
BLUHEALEBIIBROFTELHFRT 5. WESIEINALA
¥ —T, LIEROKRBEPHRESN TS, TV ENFY
YEEF MU Y AIZoWTIE, BIRORESLEEMENMED
5D 1OBETHET LI EDD, inviveTIE, X DR
ECHESNLZERRHEEEFREERE LTERLR
TwhorEzHhE, FU GEEERIIOVWTD, BR
DERLPEBENHEINTVAA, ZOESIZL, MEHE
LOICSOEN3IH D1 DRET, BEFLEHEELHER
2ETWA, MREEEIRE SN TV SRR RS ¥
= AT, ®RESILEEZDICSOEIIHZEF{LIHED
ICS0fED 35V EZ R L, FEHEA~OEFBEEMRN
ERLRTVHREEHETHOOTH o7, HELSHIL, in
vivo COLIMERD KRG RIEID & B REFHESI AT
5. BiEsA % vIoR A EIIRE, MEat, ke
DHTRERLER, & LEVBE CHREEHITHE LR
BRBBRIEERBRE Th o7z, 22X 43/ 9277
ey zit, HEBERICEBICEL LI REINL TV S,
FEHEIE, CRICESELZMEOHEEICEIZLDTHo 7.
LEBIUVNER2AF I BIFETLIHETHY,

CDRFH) v 2T bENFZITATE, BRIEROKR
fa (MEWR) £ LIHEEXOND. bbb, HEEA
i, #HRESIECKEFIEANDOEZBIZERT, VIORETR
HECHRETEZIAF S Y B2025F Yy v THAHE
BrE HETAERITDA:0, I3F Y V4308
PARURLZOGIMBERORBNIAY -2 RELIZDDO LI
gL

BT 7 Y iZ2owTiR, BIibSheTwvico, imm,
—IBIRBALI IR o T B, EHBHEICET 2 XTI,
Titanocene dichloride {Z2WT, FILOEBENHEI LTV
5. invitrofE R O KEDOSLIED A, #EESLICH~R
THESRRTWHENLRTEREHTNSY,

PE, 6EOERIETORKRTH LA, 3HED in vitro 7
TOHEREDIS, TNEFNOEBIED in vivo TORETEHR
BY 0BOEERT DI ENTEL. SkiE, HIZ, KB
fLEMmOBLER LT, ZOZERIIEIWEFELERER
FHEAREOREE LVWOMEEET 2 LENDH 5.,

Xk (RFERLZED)

1) Tsuchiya T. and Nakamura A. ; Effect of different implant
materials on inhibition of gap-junctional intercellular com-
munication as an index of tumor promotion. IARC mono-
graphs on the evaluation of carcinogenic risks to humans.
Vol. 74 Surgical implants and other foreign bodies. pp. 290-
294 (1999)

2) Tsuchiya T., Oguri I, Nakajima-Yamakoshi Y. and Miyata
N.: Novel harmful effects of [ 60] fullerene on mouse
embryos in vitro and in vivo. FEBS Letters 393, 139-14
(1996)

3) Tsuchiya T., Nakamura A., Ohshima Y. et al:
Chondrogenic cellular responses to titanium and zirconium
alloys in vitro. Tissue Engineering, 4, 197-204 (1998)

4) TRFNL, &G RENE - BRES - #5E
W EERNAATYTNDEEELICH (B #A,
VAWM, AEEE 8 7TAE-T—, HEH

FHRICH T 2%LHEF Mo -6 D RT—PCR £ AW
TRE D DB A EEIBIZORIAICET MR
EWEEMES AR T, RME, RIER

e/l

EWh L EEr LRI CHBEERICE
D, BEHELPICTEOMBICBEREENS, £, 856
CREEIHEG EBEFENEI O 2L ), DREERA
BIHETT A, COL)LBARICIS TSI RHMMEAT,
A M AA VR ENVBEELTEY, FOERAHICLINDT
PBIZHAS IR TWE, 2 TAMERICBV TIFRESEIC
BWIRHASHE SN WEEOHLAFIZEBLT,
BEEFNT v MIBITH mRNA DLE 2 FANERBEL
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LToHREE2EETAsCLELA. SRFICHEBLAED RELTWS,

B7+VRSFLETIFELZATHY, ThENFHER
DM ZIEZ L TMHIT 2 2 bR TWES, 77 F
EYARRSM DV BABIDFRESAY—THY), 1>tk
¥y pBiziZ ENUAMZ 8B, BC, BEDHFENHMONT
Wh, LAY EY BHP LR ENT WS Y /57
DFFFRIC BT BEENIDOVTIIAHTDH 5%, mRNADF
BizabohTwsd, £2C, IhbA e Py B8 {mRNA
ZOoWTHRFETo 2. 2B, FFEETIIMELRERS
X hERL, £EFOmMRNA L RWIIEERER OCREEIC
BWTHRAENELEZO 5L TS RT-PCRiEL IVTH
Ex T,

EEFE
RNA D5
HEYAL A5 —T v b (200—220g) 2 1F3CE LM
WAL, Y — 7HOSEREWE 2.0ml kg AEATZ
5L, 1, 3, 6 12, 24, 48 RUT2BERIE, FFlAD S HIR
DOFy PEHVTF—FVRNAZFREL 7=,
cDNA DEHL
—&HDNARR S Y FonFH<w—% 754 ~<w—LL b
—Z VRNADOLHEO X v PEHWTER L.
PCR Kt
cDNA%90C, S8 #%, 7914 <—RU Tag DNA
polymerase % £ ¢ PCR USR8 L, PCR UL (%% :
95°C, 30%, 7T=—9 55T, 308, WMEKKE:
72°C, 60%) %#20~30% 4 2 ViTo7:. s, Hwas 7/
FAZ—IIHE SN TV ERET IR LR EY 2 5%
WPERE L 72,
PCR BN D5E
PCREEIZ2% 7 7O — A VTR KEIE, 4/
F)—rTHRBEL, XA AV TFI LY —-TERLL.
By FOEFMEILERIZ L TRO-EERREZTTH
57407 VT F3)) YEEBKIEEE PCREY O HN
BETHIEL, BAEO T v MFRIZBI 2 HIEM & B
L7-.

HEB I UER

74+ ) A& F 2 mRNARME(LR RS 3% S 6 &
LD, 6L REMZEa Y Po— o 4Ll ki
EL, PREAICHRLP L. —F, 41 e 3AmRNA
RS IREZICEDS LIS, 6BFEIIday bo—
VOFIAGDOUITEL. DR 12 BRI I35 TR A A
Hh, 4BBFHIE TIRIZ—ETH o7, ThHDHERIEFRY
AFFrBLIUTAL LYY 3AMRNAD RS EDIFIELE L
THHATHAEZLERLTWAEEDIZ, 7+YRITFV
LT FEY ADRBEDBENFTRFEIEIZME S FFHIR
DIRERVZFDOHOEIEZRT LM IhTWE I L %

4 v €~ BmRNA 3R 5 1 B2 6 EA- L, 3ERH
ML UBHFITI PO LOHAEOL NV EHEREL
T, R4 ICRA Lz, 4 e ¥ Y BCmRNA X512
BRI S 4B BWT I Y PO — LV OEFUTIZET
L, B R4 ICEBE L. F72, SEmRNAIIZS 36
#izarybu—voH3EiIcEL, 6BBEEICEaI
O—- VL ARLVETCETLA., ShoDHFIEA e g
B, BC, BEmRNAMEEEDHIZL LTHHTHH L
FRLTWRELDBIZ, Thnf ey piizdra=
v FET B8 P REECBVTT S h0REIE R
LTWwAZ xR LTwS,

{EFMEIC & 3 7 LIV X —~{BEFEEDOFHEA DR
BIEELFH FEBT - FEFY - wlSE - Fmd—

[Ha8Y]
AFFEREICBV TR, (LEWHOFOT L F R
EHE % in vio T T A OOFHEOREEITo TWA.
HF—RTIE7 v o AILEFEILRMME (RBL-2H3) ZHW
T, {EFEWEO~ A MHROIERIZERNDIEH ML S
EXTUAX G202 5 2 CHATHLZ LR
LT&7. $KTid, RBL-2H2#f 22 T, BMMC
(= A G EMRBMAR) 302 CBMC (KBS I B 3k
R cHwT, LFEWEIC X 5Hah o DBRER K
o, MRV T LREESR, REEYA FIA Y
(INF-a R TP IL4) FTTIZTrEA A4 > MCP-1 DEEEIZDW
THETZMZ, 7UNVF—EEL LTOFHEIC D WTHR
HEfTol.

[FHix]

(1) BERREIEOHEE : 49200270845 —F
VL= bDET 2 VIZ, I10%FCS% &L DMEMIZ I X
10%cel/m! D FE iR LU 72 RBL-2H3 FiML 3 7201, IL-3%F

ETT1 AU ESEE$7/2BMMC, SCF (80ng/ml) KU

IL-6 (50ng/ml) FFEET T2, AU ES{LE €7 CBMC %
Im$2oMz, 37CTI6MR, CO; 4 ¥ F 2 X— ¥ HPTH
# L, /MK Ca?t-ATPase [l # %) DTBHQ (2, 5-di- (t-
butyl) -1, 4-hydroquinone), DTAHQ (2, 5-di-(t-amyl) -1, 4-
hydroquinone) B UFCPA (cyclopiazonic acid) % D#|HI#I T,
MO EIT, FIBEISHRICHERICL o THIK
o &S B-hexosaminidase DIt %, EEHELET AW
iRz tER Lz, (2) MR A L2y LB :
Ca? VHIRRE TH 5 Fura-2-AM % vy, 2 ER#EIZ L
LTI (Fass/Fae) TEZ ¥ —L7. (3) ¥4+ A
4 O T 10% FCS % &t DMEM 12 1 X 105cel/ml D
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FEIZ#23# L 72 RBL-2H3 #1f2, BMMC, CBMC % 1ml73$ D
mz, 37CTI6HRE, CO M ¥ F 2 X— % p THER,
SHEAC XL 2B ET, FEE, 33— IR OMARE
FTEHFHICHH ENTL 2 TNF-q, IL-4, MCP-1 D&%
Y N4 v FELISARICTRIEZIT- 2.

[#58]

(1) BLER RIS, V7oA Bafk Ca?t ATPase [HEH]
&, protein kinase CiEMHEHI TH A 7+ W E VL A7)
(TPA) FFE T CHIEMICTI SR SR, (2) 3HE0M
fadk, T 5 Ca?t ATPase FHER|T, MIlLM Ca2 HiREZIZH
BEREMICER L, 3) 4 b4 YEECEL TS,
TNF-oFEH 1Y, TPARHE T CHIMAEIBMColERI SN
7eh%, MCP-1, IL-4BEHIE, TPAJEFRETCLEI&RI X
h, zhFheli, oMY -2ddbo7z. T,
actinomycin D CHHES NS Z & L ) Ca KT DEEE
HRERBRICE A ARSI, S 61T, RIFEHHA
FK-506 ¥ 7:1d cyclosporin A THf| s 5 Z & X D& EH K
LT NF-ATOFERHILOBESFEZEZ oML, E61T,
MCP-1 EEA 128\ T, Map kinase T % p38MAP kinase D
ME4TRETAF— 2B o2,

[£%]

(1) BEAMVARIOERFEINIELOXAT -5
CICERBEISNDLTA M I A VT, TPAORKEEZ L
BELyoagEE, MBNCEHBRELADOKATTFEEGE
MHHIEIREN, A MIRANDERIZERNDF
WhEDTEZ DI LN, (LEWROFOT LV F—RE
EEE <A Ml % HWTin vitro TEHET 2B EEETH
HIEARENT.

(2) =X M, OEHEENS T T —F L LT, Hlik
#3055 X B A Y 3 R B-hexosaminidase {F
M T, EEARERE RIS 3B B o THM
ENBH A b4 VS, A MRBOFEELL, 25612k
TUNE—ALEFETA Z259 2T, AHLEY—H—-T»
BT ENRESRI.

FEFen

1) Teshima R., Onose J., Ikebuchi H., and Sawada J. . Ca2*-
ATPase inhibitors and PKC activation synergistically stimu-
late TNF- o production in RBL-2H3 cells. Inflamm. Res. 47,
328-333, 1998

2) Onose J., Teshma R., and Sawada J.. Ca?t -ATPase
inhibitor induce IL-4 and MCP-1 production in RBL-2H3
cells. Immunol. Lett. 64, 17-22, 1998

3) Teshima R. Onose J., Okunuki H. and Sawada J. . Effect of
Ca2*-ATPase inhibitors on MCP-1 release from bone mar-
row — derived mast cells and the involvement of p38 Map
kinase activation. Int. Arch. Allergy Immunol. 121, 34-43,
2000

4) Teshima R., Onose J., Okunuki H. and Sawada J. . The
effect of Ca2 *-ATPase inhibitors on the stimulation of mast
cells. Recent Research Developments in Immunology (in
press)

{EEME DB DOIEE € FRIT 5 HEDFHIL
HHAR KLARFHE, KB R

[#E]

b B L ORES WIS v TR B S Loz
TS AHEERYSELENT, =LA ELT
Y7zl (DP) 2B, 2O EinviroB L Win
vivoDFZTHEH L. DPE3A NV 72272/ — 0V
(OPP) & & b I AMEEOITVWHIE LTHERAINT
WARMBTH Y, OPPL W HERIZBEVWLODORARY ~
FERIC L D EEBDFL < A CTHEY U AHESATWVS,
F344 % J v P Tid% {, MMEBDFI ¥~ A THIET » %
& L-EERCHOEELOTE»bRETsE 2B, b
FIsuv—-—2%2HVWLZLTACBITARBBLITVE
HEEETLIEE L.

[EERM# B &L UHE]

Diphenyl (DP) & D€ / /KEi{t#k 35838, 4-hydroxy-
biphenyl, 2-hydroxybiphenyl 3 & U 3-hydroxybiphenyl, ¥ 7:
TkEibik o 4 %G, 4, 47 -dihydroxybiphenyl, 2, 2”-dihy-
droxybiphenyl, 2, 3-dihydroxybiphenyl, # X UF2, 5-dihydrox-
ybiphenyl (3T 2 BEA L 72,

I 70 Y —LI3HHERLEO BDF1 v 7 A B X UF344 %
Ty FOFEPOEBRICLOBERL, eI o0y —
LAREUAMHB LI VEALL. I70V-0ED %
2= a YEEIT0IMBERERER (pH=174), 10mM
MgCl;, NADPH SmM#2E 0.1mlC, KO DPH L U35
HioE )/ KEBLEIEFIZ05SmM THEE37TT3054 ¥ F
2~— kL, HRLCTHAT L2, T o~ BHEHEIER
HOEREL Y, CYP4S0F72id 5 v 378 (mg) %7
DCH L7,
ks a< 57 (HPLC) TOEWS L UEE]

HPLC i3, LC-10ADEIR > 712, #RHig} SPD-MI0AVP,
SIL-10A%+ — M ¥ 79— B XU CTO-10ACE 1 T L A —
TrEBEELZLOTHAY, LECEUMLET—Fh 7
2 (Guard Cartridge Capcell MF Ph-1) % #l &8 THW7,
# 5 LR 2HEEOMMRODSHES T 4, ik ImY/min, R
i E 260nm THIE L 7. BEAOZRERTE =N,
K (OS5S%EEREZET) 1. 9262085 TT7E =MV,
K (05%EEREZ &) 80 @ 20VEHWT I, 30
5% E CHE—&EGTRZE L. % 3B 3-hydroxybiphenyl ®
HPLC - C DR EEE R Reid /¥ /K EE{L 4K 4-hydroxybiphenyl
ORUIEEIZFEZE L TV EFMIZE VT kEEbE
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Z&3iL 7.

IRBIUEADHBERS SURBY 7 VI O0= Firn
LuiRlaathz et s L UE Ll

RBLCTAOYEMEERT, MEBEOBDFIv Y AB LU
F344%5 v b, —EESMCE LT DP400mg/kg/10ml I — > il
5L, REBr—VCRBIUVEZESHUEMNB X
48 Bl ECHRILL 7o, #EpBE 287 OEL YV I R
L—iesCI3M 7 b oL, RIZiEE%, HPLC
THTLI.

JEHRBEM I V7o Foev LERIESHROZEEY R
LT, BDFINYALZWLF44% T v MIDPDE/
KERALR3FER, £ 70348810 VKER{LAE % 100mg/kg/
10ml 2 — VHOFEGTEOKG L, £024RHEEZRER
L, £O—& % pB-glucuronidase 0.2units/ml, ¥ 7:1 arylsul-
fatase 60 units/ml 35 X UF 10 mM sacharolactone CELREHE 1 >
FaNR—PMEHPLCET7Y —$2ERTAI LT, BH
RERIOZ7O< P ECHELLZE—22Z20{L&H0 7V
suz FLw LEEREehE LTERBIUEET D 2L
EL7:. B, BRSO %5 o723, 47 -dihydroxybiphenyl
B L UF 3, 4-dihydroxybiphenyl B X U 3, 4, 4" -trihydroxy-
biphenyl {33503~ % FIMETHEESL L 7.

4-[al, 3-hydroxybiphenyl® 7V 7 0 = Fig& ki,
HPLC L TORFFE R Rt A5/ % T K EEAL £k 4-hydroxybiphenyl
DTV a FRGHIGES, NTKEILEDOREE L
THA NI EpoNTKRERICESI L, £72, 40
b kB L4 2-hydroxybiphenyl D444 k13 HPLC bk CO{R4%
B ReAMB KB LR DIa &I E 2 ), 3T KEHEED

RERBZLTHARWI ERSEIL .

[#55)
[RB & UZEpHEt]

400mg/kg TROFKG SN2 DPOIERALBMITIZL AL
7V —0f#YTHY, HEBIRETELP oL FD
FhPEEDOEEGRTTABLUT vy bTOWTROEL, 2
BT, #ESy bTWE3%, BES Y b T2%TH D,
HE~T 22%TdhY, YT ATI%EBETH- 72, %
045 s - DP Dkt D H A 13K, DP O FHEER
BIZESDHEETH Y, DPIRIZEAERINE - LEZ L
ha,

202 BEORBPAHPOFELHE L7z (Table 1), 2
BEORBLHBOME100% L LT, 1HE L 2B B
THETLE, HESY FTIR1ABS6%, 2HE4%T
Ho, EEF v FTIX1HE6M4%, 2HB36% TH o7,
Mt~ ACIE1EEHS2%, 2HE18%TH Y, M~
ATIZ1HB74%, 2HH26%THo7:. 5y bTId2H
HoORPHREOF &I T 725, RRRBOWTHEHDRS
hi:. w92 CIH1BEBEORDIEROEEIEL, =V 2R
TOFERENT v P LY FHWZ EAFRIS .

ZO2HHORFREMOPTIE, Ty FBLUTVAR
THkiz, 737 kB bk 4-hydroxybiphenyl DF3 &R D H| & 45
BEEFEFCOVE—FEL, BRI ATREDOT VY
o= FOEIEHPHEEEEHRLIVZW. Iy P TREFOTNV
sy uz= Lk BB EhRoRENE L, #EF v T
FRICHETH o 7. ¥/, 3, 4-dihydroxybiphenyl D3 & T

Table 1. Urinary metaholites of diphenyl in BDF1 mouse and 344 rat in two days.

Day 1344-S{ 25-S | 34'-S{ 44-S 44-G| 34-S 34-G| 3-8 | 48 4-G _{sum{mol)
rat male 1 9.01 1341 438 489 2201 173 6.0 582 1296 34 259.83 56.0
2 9.72 2574 7.5 299 4109 313 1.6 5.03 42.6 9.8 204.28 44.0

sum(mol) | 1873 3915 11.88 788 63.1 48.6 7.6 10.85 1722 132 464.11
% 4.0 8.4 2.6 17.0 13.6 105 1.6 23 371 2.8 100.0

Day i344-S! 25-5134-5}44-S 44-G}| 34-S 34-G| 3-S | 4-§ 4-G_isum{mol)
rat female 1 5.3 4.4 1.6 19.4 9.6 8.2 22.1 16.17 3133 2719 | 14529 63.7
2 3.8 5.8 3.0 9.7 8.4 6.3 17.4 0.5 18.4 9.48 82.78 36.3

sum{mol) 9.1 10.2 4.6 29.1 18.0 145 395 1667 49.73 3667 | 228.07
% 4.0 4.5 2.0 12.8 7.9 6.4 17.3 7.3 21.8 16.1 100.0

Day 344'-S| 25-S | 34'-S | 44'-S 44-G| 34-S 34-G| 3-S | 4-S - 4-G {sum(mol)
mouse male 1 2.64 4.16 0.6 3.19 2.7 7.81 1.71 1.54 516  30.67 60.18 82.3
2 1.34 3.05 0.24 1.66 2.3 1.22 0.25 0.11 1.1 1.68 12.96 17.7

sum{mol) 3.98 7.21 0.84 4.85 5.0 9.03 1.96 1.65 627  32.35 73.14
% 5.4 9.9 1.1 6.6 6.8 12.3 2.7 23 8.6 442 100.0

Day 1344-Si 25-S | 34-S | 44'-S 44-G| 34-S 34-G | 3-S [ 4-5  4-G_lsum{mol)
mouse female 1 1.1 74 0.6 3.6 1.3 5.1 1.9 0.95 7.63 20.6 49.88 73.6
2 1.5 3.9 2.44 1.26 3.6 0.85 0.65 011 21 1.5 17.91 26.4

sum(mol) 28 11.0 3.04 4.86 4.9 5.95 255 106 973 22.1 67.79
% 3.8 16.2 45 7.2 7.2 8.8 3.8 1.6 14.4 326 100.0

2,5-:2,5-dihydroxydipheny! 3,4,4'-:3,4,4'-trihydroxydipheny! S: sulfate

3,4-:3,4-dihydroxydiphenyl
3,4'-:3,4'-dihydroxydiphenyl
4,4'-:4.4'dihydroxydiphenyl

3-:3-hydroxydiphenyl
4-:4-hydroxydiphenyl

G: glucuronide



TEWFHRD 720 0B A OB 2 BT OIS R (1K)

171

bEMRICHMT v P TEOREREHROFIENE <, ik
v FCREODINV IO FOEIENS o7, fHL, <
7 ATk MERE & b 12 3, 4-dihydroxybiphenyl IXBEEEfA &K D
HEIED o T,

2HFBIE 2o 2ACHIIE VKB (LA D 4, 47 -dihydroxy-
biphenyl ThH 0, FDI N 0= F L ZOWEEEEROM
LLTOEBRT Y FTIIRINEL, 7y FOBERT
AU R |3 =F (AN

Fh, gLk ) ETHDH 52, S-dihydroxy-
biphenyl DWiEETa A fhAME SN, Ty PTHIHELDE
WA, Sy LD ANEL, TUATRENELIE
WO TH o 7z,

(370v—L4%HnBEER]

WD BDFIY 7 AN I 70V — LI NADPHEET
T, DPR L EDE /) KBELETH 54 v FKERLE, /3
FKEbIk L, BITKRBL S vz VKREREAR D 4, 47 -dihy-
droxybiphenyl, 3, 4-dihydroxybiphenyl, 2, 5-dihydroxy-
biphenyl D EF AR S N7z (Table 2 & 3). THHADLY
HEHEERNCEIEL Y ECEBPR SR, 2, 5-
dihydroxybiphenyl ~DCHHEMR IS~ 7 AXHEL Y FEIC
BwI kg shr:,

—7%, MHEDF447 v FOJFI 70V —4TH NADPH
FEETT, DPH 5 EDE /) KEE LD/ T KB Lk L 4
WV PIKEEALAR, TEIC UKEE{LAR 4, 47 -dihydroxybiphenyl D4
AT & N7zhY, 2, 5-dihydroxybiphenyl iX 5 v b TIZHH
Ehizdo/l (Table2&3).

T, $§CICE/ KB EEhA—kR@HO T, 25
BLUFH NV PKEEER B L LT, v XTIy b
DFFIZayY—LEA s Far—tL, JKEBILEED
AR 25 L7z (Table2 & 3).

237 KEEALAR D 6 13 VKB {L4k 4, 4 -dihydroxybiphenyl %%
EHL, ZoftahiFEti, v v ATIIETRBE, Sy
FCIRHEATE VB TH o 72,

v b IKER{UAE D b U KER{LIK 2, 5-dihydroxybiphenyl A
ERLTWD, ZORBIEEIC7ATRE, 7 bTi’
HEEVWEmIZH - /2.

A 5B & b TKERILAR 2, 5-dihydroxybiphenyl A%4
ELTw3, ZofRBHEED RIS, =7 AT, v
FCREFBVERTH - 72,

B MFI 20V —LTLNADPHFEET T, DPDHZFD
7 KBLAD ST KEMEIR L v FokER bR, BICY
Ek1t4k 4, 4° -dihydroxybiphenyl DHEE A A SN, FNHOM
xSy b, vORLKELRDP o/ (Table 2 &3). —H,

Table 2. Metabolic velocities{/P450/min) of diphenyl and 2-, 3-, or 4-hydroxydipheny! with microsomal fractions of £344 rats and BDF1 mice

P450 substrate of Dipheny! 4-OH 3-0OH 2-OH
body weight; liver weight { nmol/mg [P450/min /P450/min { /P450/min} /P450/min

{g) _(9) protein 4,4'-diol _ 4(3)-OH  2,5-diol 2-OH 4,4'-diol 2,5-diol 2,5-diol

Rat male 191.25.6 7.740.56 1.240.31 10.130.08 0.300.16 ND. 0.140.04 0.220.13 1.010.83 2.261.63
female 134.63.8 4.320.28 0.910.41 {0.030.01 0.390.11 ND. 0.180.03 0.170.04 0.790.66 : 0.990.19

Mouse male 26.951.29 1.230.11 1.180.27 {0.150.06 0.810.46 0.110.05 0.260.13 0.250.10 0.670.34 1.540.27
female |19.371.31 0.770.08 0.780.19 {0.210.13 1.150.96 0.240.14 0.430.26 0.320.21 1.811.33 3.892.02

Human Pooled (2femaie + 2male) 0.462 0.390.27 0.810.23 ND. 0.190.08 0.480.08 0.290.06 1.350.60

Table 3. Metabolic velocities{nmol/mg protein/min) of diphenyt and 2-, 3~, or 4-hydroxydiphenyl with microsomal fractions of F344 rats and BDF1 mice

P450 nmol/mg protein/min

body weight| liver weight | nmol/mg substrate of Diphenyl 4-OH 3-OH 2-OH
{q) {q) protein 4,4'-diol _ 4(3)-OH__ 2,5-diol 2-0H 4. 4'-diol 2.5-diol 2,5-dio!

Rat male 191.25.6 7.740.56 1.240.31 10.170.10 0.370.24 ND. 0.180.07 0.260.13 0.920.77 1.870.96
female 134.63.8 4.320.28 0.910.41 0.020.01  0.290.09 ND. 0.140.04 0.130.02 0.630.44 0.900.41

Mouse male 26.951.29 1.230.11 1.180.27 {0.180.10 0.880.38 0.130.07 0.300.17 0.280.11 0.740.33 1.780.33
female :19.371.31 0.770.08 {0780.19 {0.150,07 0.760.52 0.170.07 0.310.15 0.220.10 1.381.05 | 2.800.94

Human Pooled (2female + 2male) 0462 1{0.170.13 0.370.11 ND. 0.090.04 0.220.04 }0.140.03 | 0.620.27
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2, 5-dihydroxybiphenyl i£ J v M LRI Sk o 72,
T/, HE/KEARELERELEEER, U, T
b & FEAE ST 2 kB & 77z 2, 5-dihydroxybiphenyl 35 & U
4, 4’ -dihydroxybiphenyl D £ AH H L7z,

(&%)

BORSE SN -DPOEFIREDHIGR YT AL LT T
v ML, FHRERRIIRGHEETH ), #EOk5Sh
22DPIIFE A LIRS h, FTHEKBLRIGE S, ki
fagfbEhTRpICHHE S A2 Lok 5. DPOLETE
M OAFII R DOKEELRIE & 2R OGRS
ZEzZbhb,

RAEoIiz e A LidkiGEO IV o= FEIIHER
HEEROHMT, &MY AT V7o Foil
WAL, Sy bTRZAMI O FE DR BN
CHEt S B EmASA LRI (Table 1). vV ABLU S
v FCHRET AL, Sy P TOBERERDERED ST KEE
ILAROBRIISRTH o 7o E VI G E—HL TV 5,

R B0 s a= Flaghs L UGRia szt
ZMIIRELRKRERLEWLELONS, At Ty
w7 ) —0%E 7 KELEIEDP & ) REEIZS LENT
AN 72/ - NWHOKEBEEOLOBEWETHY, UKE
LR ARBHIITIZHML 7 = / — VO KESE S #In3
5. FD, INLKEEOFZEEIDP XD MY
BrEZONL., ZOHTH 2, 5-dihydroxybiphenyl D & 9
BNA FOf) ARIEE ) VIZBMEa S, BEFET T
LTH0: 2 EOEREEFE LR TS, $2F ) Vidddk
FOTFEVERERLIZEIONL FOX ) VIZBTEShR
T, BILERBTER V22T ILICRD, ZoE{E&ET
A7 VIZE Y ERTHESRBREITER T LIRS,
EHRREIIDNAZ YT A EREF 70T~ ¥ —
HELHMONTVD, TR/ VEIRRELPHET
LS TEFRSEYRE A SV MEICTCHEEEZ
HEELSLTHEEP DY, EFRICRBrETLIE LR
5,

DPORFI 20y — A ToBHEE* RE LA, ©
FMFIZOV—LTLYT A, Fv b ERKIINADPHEE
HETT, /STKEMERE 0 kbR, Eiz VKRB bE
4, 4’ -dihydroxybiphenyl DA bz, —F, TV AT
B oh/z2, 5-dihydroxybiphenylit s v b & FEFRIZIRH &
Nizdpo/z (Table2 &3).

=%, BE/KELETHEA NV, NTRUX 5 KEE
btk E L2 L &1, wWEFR L EIZARE{LE N2,
5—dihydroxybiphenyl 35 & U4, 4°-dihydroxybiphenyl ) 4 i A%
Hoi:, ZHATRIEYARUES Yy F TV MRUX
& 7k EE b4k A & 2, 5-dihydroxybiphenyl ~ DL BB HEATE
ZEAREI N,

ZITI9y POFFIZ 0V —ATIEDPOE / KEILK

13787 KB LA T, FV PARER LR B X U X & KEE
LRz hwEEZ5NE,. —J, BDFIRTAD
FI20v—ATIRDPOE / KEEILRISIE/ ST KB LD
A 63 F N FKEBHERID S, THATEIIKEE{EE R,
5-dihydroxybiphenyl Z £ ¥ 5. #£3E DfUHE A BDF1
TTAMTHE YT AL IFEICHW EFEERBIOER
D—oThbEEESN, Th4EMEHAL-v I 270
V=Ll bohlnd ey LD Ty MBS
HEEEL TS, e FoERRBTRERENIREVE
EbhTsh, LILLAKRERTIENERSIND.
IHHESAELTYSE FCYPASOREREZA VDI L
TIORBICBITL2HEB L UHN L OB Z T
Lt8bhas,
AEIZNTNA FOXx ) AROBLETY 4 7 VLD
HRTAEEEFICEB L2, —x/iti, Thoian
5%, AN MMIDF) r—ng Fux ) YEORBLETY
A7 VIZE DIEUBEIERTATREELDD, 7V -0
B & DEHMEOER TS TEREERE. 7Y -0
KEPOERTHIFRICET Y AN /-2 & EBET
5., 7V OB PBETH - D BIEHRIFT I VY
0= FERREEGEANO{HENIART LI LD D
MR ERITA LD S,

SEOEPOIEER UHEOHEROHE R in vivo R

Cin vitro THERY L { —F L Tw/. 9§, BOKGEhi:

DPOFEFHHOEFRTIAB LT v FTVTFRHIE
{, EPtBEBELEDTIIL RSP THo72. TD1HE
DORBPMOEEH2 YA TT v PEYVEL, =T ATH
HPEASENZ LA TR SR, ZhiE, FI20Y—AT
DDPRBHEH T I ANS v FE D BVWERIIH 722
EE—F L7 F7, ZOEYORIITY—LIZLD
DPOE OB L FOERMEER L (HELTY
AHE9IZBbNI:. TS invitroB & Win vivo TOED
DS, v P TODPORBERIEIZ/ T KRBT
LT, BDFI YW A TIZDP D85 KBED A% 6§ 4 b
KEALARI D, HWCEEEFRICORFAEEAS L
# 2 HN 52, 5-dihydroxybiphenyl H4ER T 5 Z L AYHIHIL
2. TOHBI oLV EINBEB~ORBIEELE S
BDFI v AMTHE~T T AL VHFZIIEWI EAYHL,
HURBOBERO—>TH 5 LTSN,

BL, $BIOMHEERL in viro TIXFRVUB O DI 3
709V —L%, F7zinvivo THRUBEBOEIYDHEILG T
botz. B VEBTIIDP 2 HEFIRE LTE 0GRS
L7238 D DPOERIZE X % 8, Bl IEDP OEWCH
RIZHGRBFHHERFOHERFLE L TODPORBI~D
PHELEZONS, T/, SETVKEEER b KB L
DIFHELEMHFIIALZVWL DL DY, RepfCitipd +
RTCEEESNADLITTIEEL, B {bEMEHEHDT
ZOEHEHREEL TERLZ., ThHV L Oh0RES
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RENBIETE) ERGRBIHNTT 560 L EbR
5.

4%

DP D EHEMAZI DR BTV ATT v P L ) HW
ZENTFRMEND, FI 70V —LTODPRBENLED
RUANTy PEYBOEEICH oI E—F L T
v b TOHODPDOHIIZ T KB LA HLT, BDFI YT AT
IIDP D/ ST KL D A% &34 L bKBHEARZ D, B
WTHMIC D245 2, 5-dihydroxybiphenyl 2542 5% L 7. BT
179V —-L04 ) MKEEEERD S 2, 5-dihydroxybiphenyl
DERT A2BHEH I~ Y A TECZ LR O
HAo—o&HEz oMb, —fRICEYRBCIHEE, %E,
BEEPEDLRTEY, KHEEE O CYP4S0DFHEHLE TDP
DORBFUPRBWOEINEZLNS, € MIBIFS
DPfLHTH CYPASORFBREZMVWEL ZE TR MFI 20y
—LERVIAB~OES e ZEETRERbh b,

TR D DHE L RIRLAVEIEIRIRICE T 485
RS AREE, WIIEKE, IREEREE

(Bw]
RAQBITCUBALATERREYHETH 5 4-
Hydroxyaminoquinoline 1-oxide (4HAQO) % 7 v b IZHi[H
E L, BRI~ 48R OFEEIRIC BT 5B E
TS OWTIRES L 2/ R, 4HAQOX G- 2BF & 5
ERfiaTh A RRE, MELEE, EEBXURIEER
HIRLLZ DNA RO A R SR, IZFEEIZZ M HIE
BRI B R M S B ME S S R S D 2 L 2
LML, MEHEUERYHZEICL VBRI LB/ME
SHIIDNABES L ICRBHORBEL LA T EARES
=2, 7., (LFYEORENE L MiasifaiEYE & O
HAEWZ &2, PCNA RIEMEALS & v THIRaHM
EEEBRFE LS, EENHRTH 5 EEEMAR IR
BB L TEELEEEEO LANEDLN. 2Ok
Co9, AbEWE OB, (FICRBUSFEORE»OBK L
FHZEMHEEREZL L TEREARKILENFERIILS
DNA fHIMARTZ B R MRS G E D IR B & R IR
MBS L EYFRRREELE 2S5 LB/, 2-amino-1-
methyl-6-phenylimidazo[4, 5-b]pyridine (PhIP) (&AM
BHEARECE L 2EZHENEBWET, B, K,
el X U ELER 2 LI DNAMHIMEZ R L, RBEEERT

SEAEmEShTNSIY, SFEPIPE AV, MEOE

B L FAR IR AT 12 DNA [T IR & #/ME 8 & DY
BERETIDICUTOEREIT 2 o7z, £7:, PCNA
SIBMMALEIC & b MRt D W T b RRET L 7.

(]

Bk 6 MEHESD T v bR, PhIP% I — ViHIZIR
&L, 300mg/kg B. WO & CHEGAHZEORS L, B
BiZ4, 6, 24, 48, T2EEHE&ICKSIET DT — 7 VKRBT
TE - B L7z, B2 PhIP ORBOIEMMIL TH A1
VB I UKRE, SOICEEHNMETHSFEZHH L.
MEBREICRBFEREOH RS L, ARICER-FRLE &
e 10% PHBEHEAL< ) YEBDH LV T T VIER
TEE%, ¥ECHVYH&ERBEZHLE. 72, —&%
25% N F—NT AT FERCTRE L, BMBESY
IZEigE L 7, ’

I 77 UEECEE LA, KEBEBXUFIZowT
2B {L 48912 PRIP — DNA fHK Izt 3 2 Hitk % H
WTDNAfHIMfE R R L, & EEMBOBERZERL,
& HICEBERENICESHRORMEIEE L BIEL, £0
HESR & AT EE - M3 L 72,

I 10%FHEEERLV<) VERCREE LRI, KB
BIURFZDOWT, JIPCNAHUEE AW T, gt
IV 45 L B ARAE O B 58 & ARREAY AR L 7.

(%)
80T
70|
60 |
A SOt
40}
30t
20|
10t

~4h 4 6h 24h 48h. 72h

[l Prostate
1 Colon

4h 6h  24h  48h  T2h

Fig. 1 Summary of sequential changes of PhIP-DNA adduct forma-
tion (A) and nucleolar segregation (B) in the rat ventral
prostate with PhIP.

Data represent mean T statndard deviation.
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1 PhIPIZ X % DNA IR & B/Misr B

Fig. 1 128250 DNA IR AR 35 X OB /Mo BE
DHBRETFEIR LA, 2270, IFERD FsIcHRE
FAT 02D &) RELIBO O N L o/l DT
7 7D 64 L7, DNAMHIRRE AL, aTvfR LA
ML I PhIP % 5-48 BE 15 C, A LML Tld 24 B5MH)

HTPHFHTI0% D EOEFMEERLL. —75, T
HHRLIZIZE AL O h ol BRIZEFNEIZET

1, BIZARERER & UKE BRI MRS AR S
h, EQVEHETEIHBAENEL, wIhd 10%L
LTHo7A, FFHRETRIZEALZEDON o7,
FAEWIZIZ Y BV = L OEA DS IIF I 2 R bIED
bhizmrol,

(%)

4h 6h 24h 48h 72h

U

6h 24h

48h

4h 72h

(%) [J Control group
2.5 ( PhIP group

2 ¢
1.5 H
1t :
0.5 H
0 . : ) 1 '
6h 24h 48h 72h

4h

Fig.2 PCNA labeling index in the rat ventral prostate (A), colon (B)
and liver (C) treated with PhIP or vehcle alone.

Significantly different at *p<0.05 as compared with the con-
trol group.

Data represent mean = statndard deviation.

I PhIPIC & ZHIREAIEME IS DWW T
BIEASILFERREIC L 5 PONA G EMIE R OE R
% Fig. 212823\ SR L7z, PhIPIX S EEO R AR LE
B2 3BT PCNA MR O tESRIE A BE L i L T,
5 24BMBE T TRENRONE o705, 48FFRHIHL
BRRAERICELS, RENEHGETRIESERHLL. &
SBOKE LEMRBORS 4 RMEARETIE, HBREEE
ool A PRGN (R AN i T AT Y SR E €L 2 T o8 (R
ot EFELZKRE LRI EEI RS
B kd s, PONAIZ L SISO LIz
Cwb o kB, PhPDIEEMMIIL TS XG5 HOMT
FORLIE 3T ERRE & BN CHIR M RIEE IIZ L A LD o
7.

[#£]

AISCER B B X OVKRG B { T 12 DNA IR B
FUBMEZEED E— 7122405 48 BB ICA BN, £
DHWRBA L7z, T/, MRMEEEC O VW T KR L
BHIRTIIEWHEN A SN 2A, BL ERARIZBY
TOARESBHUBEAEICHIRIL, BEEMERL
72D 2EER%TH o7z, PRIPIC X D BEOZMMIALIC
FR S N7 DNAMH AT AL & & UK /MR 53 B 1 45 B3 o [
#ALN, FEMNOFMRTIIIILEALRDEI EHNT
Euolol Enb, HH/AMESTHE L DNA AT S 5
WIRBHEEDBFEAEZ SN, TS IEL
ERIZBVWTEL A EPHLNTVRE I LS, B
WREEANGEEAZ LRI SN, SEDER,S,
PhIP (2 AL DNA &k % L, kot
HEfbrslaR: LizicfmEto LA RT b0
EEz o, SEBVPRIPIIRN 2 REDHTH D
4HAQO & [ ICHERHMIFAODNA LG TH I &I -
T, ZOMEA = - FTRLEEIONRTEY, B
WEIC & ) F5 S b /MRS B/MEIZ BT 5 1IRNA
EHRMEOHENRRLEI LR, ZOBFEL L TDNA
D template & L TOHRRERENHITon s, (HEPRIZX

HRINDIEMEGTEEIIDNAGEDIRIEL 2B & At
FRIEEN/2Z EH S, PRIPIREIC X Z1ZAYHIIA~ D DNA
LAk EERL, ZOREMHFEAL L TRMEGEELH
B34 5, BT, MRMEEEFTTESINL I EPHLD
Lot

[FLa]

FEBRTHOWAHEEBS L UCRENIHALHIZERTVWS
R 1Ls 19 E 0 PhIP 12 4HAQO & [E] 4% 1242 A9 M1 #2 ) DNA
EAAMBBEREL, TORENRIE L CoM/METEEE:
BRTS. BT, MRNMEFEEITLES TS Z EHHES
heolz. TOLHILFYHOEND D ITREIEH
DAA=ZXLREROL I IGES L TEYICHRL Z &
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Keywords: developmental toxicity, early embryonic loss, decid-
ual cell response, butyl benzyl phthalate, tributyltin

[B#y]
GIROBERHMSLEENICBT 2 LEMEOREICE
> THREFBRERDBIATHREVFRESN LI LI X
CHILRTEY, ThomEd L{fTbhTws, LML
LHS, HRMIBICBI A IEFDEORFL L ZTHND
HERHERLRHOEEIEIZOVWTIEH T VIEEILbIRT
Wiy, RERRIZE - TE LR BEIREIE, SFO
HIRIKEE & B A BRIEZ /R L, MIREIC BT 51k
WEOBRCHTA2BE I T2 B LT L THRER
TAHOFMETH L. FEARICZHIPIERT HED
FIBIZ L > TERSNAREBERICE ZORICSERIN S
BEBARIIZHNOFERRVLEOREFILE o TLERTT
RTH5H. HRAHIIBTAICENREOAEIERIL, B

R B AREERIS ST 2 BB LA LICE
DIRIMATRETH D LEZ OND., BRFEICBVTIE, T
#HI& LCfibI T S butyl benzyl phthalate (BBP) R U°
FRIER MO B R IEF & L Tib N T & 72 tributyltin
chloride (TBTCI) %#FWT, BERS v MIBIF 2 HERE
Gz BwR3GtEHREoBHEE L LToF At
IZDOWTHET 5.

B MEIZ BV TIE, BBPRUTBTCID T v b IZ
BT REHEIIOWTIRE L7z, BBP RO TBTCI I
By MofRS5 Lok &, RSEICE > TRESHORK
SHERBERANFRLLZIEEZHEHLMIILA-8, HIZ,
BBP R UFTBTCI3E1Z T v . F DITHRFIINICHRS LAz & &2k
FZLVAMESE, v2bLRHOREGE, vELTLHIE
LU 7Y, HIRFIEMIBICBWTIX, BBP R
U'TBTCI DR 7 v P FEICBT A BERKISICRIZT
RBIIOVWTHRN, MBFEERORETRE LToFAMEIC
DWTHET 5.

[Hi]

1. 8

Wistar 7 v M 2 /e, Bi SR (F—1, MR
EKEBEAETEBIZSZ, ZRUTIT, BEST 5%,
12-h B /B ICHE LB ECAE L. HHOBER
AL h4BoMRAPEz L2 L 2BR LT v M E
EBRIHERA L7, IRRUBIEES v MIEBRKRT £ °FE
Mr—JIcTHE L.
2. &5

BBP (#1f£98.2%, Iuftdk) K UTBTCI (#LF 98 %,
TVEY v FrIal) 34+ — 7HICiERL, Smikg%
#EORG L7z, BEHRUERSERENENROERERD
THICECH L 7.
3. kT v b

BTy P EHET v b E—RER L7k, BEIEE
WICHF2E0 b0 iTke L, TOHZEROAE L
7oo BIRT v MXEIR20BICHB L, |, FHEEK,
HTERRIBEL, TR - FECRRIR e LR iR L. AFRE
IHEHEOHFIE, KEZHEL, NERFOFELRX
7.
4, BIEHET v b

WMARTT v VERBRESHRL-ES v PE—RRAB L
%, BHERTED-LOTBIERE L, Z0B BTk
0H & L7, AiEiR4B ISR v M & = — 7 VREET
TEHEL, TEORA,HEmZHITMVEETIEAL
T, FEREORFERBEMN*HERETAETLZI LIS
Yo THERERICEER L. BEREIBOFEES L H
£ L CHERRICORIEL L7,
4. #EHoE

—fEEnHEE M L Lz, 5857 & U Dunnett O % 8
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¥, Kruskal-Wallis test & U° Mann-Whitney test ¥ 7= 12
Fisher's exact test |Z & o THEHLE 24T - 7-.

(R R UEE]
1. BBPOIEIRES v MBI ZIESGEEH L BTk » b
1B 5 GRS T 5858

F v b OERO — 8 HIZ250, 500, 750 % 7213 1000mg/kg
DOBBP##EOHKS L, FkE20AI2T v F2HBL TR/
GRS A EEET. HFROEBD LN o2 fES
v b (REEHET v M) 9250 B U 500mg/kg i% 5-5FC 10 [
dr 10T, 750mgkgi%5-EEC 11 L 40, 1000mgkg %5 B
T12PE SPEER® H AL, 1000mg/kg 3% 5-8F ClL iR Aat
BRI THEIIE D> o7, 750 KU 1000mg/kg % 5-7f
B HEBIAEICEA L, 1000mgkg ik 5TEICBIT
AERBERCEIATIC LA LA, HROBDONIE
IRELT v MZ2W T, BAERRURIVEL I BBPIXS
BLUBELOMOEZALN Lo 725, 1000mgkg %
ERIBUIHFRERCEFRERBAT IR L.
1000mg/kg X G EEIC BT 2 H R CTE, 7150 R U
1000mg/kg X 5B 51T 5 BRZLF TR IIGBEFIZHEN
THENE D 272, 500mg/kg U EDIRGBEIZ BT 5 E 8
ROFHIIHEILE» o /2,

Sy bOBENRO0— 8HIZ250, 500, 750 F -t
1000mg/kg ® BBP % #21#%5- L, BIitkoBOFE H A
HE L THFREIICOIBIEE Lz, 750 & UF1000mg ./ kg
FEBICBWLTATRBIC R THTICEVWIIE TR A0
L7z, BBPIXGEICB T A HALUIIMBR LA TH >
7o, MR 9 H OFE Hid i3 750 & UF 1000mg/kg i 5-BE 12
BOTHBEIIEXTHEICE o7, BERT v MO
TS50 LNz 500mgkeg BLE @ BBPI% 5 C
BT OMmEAA LN,

NGRS, BBPE 5 v b OIEEMGICRS L
& EEBFEAER AT 750mgkg DL E DI 5k CRH LR, B
7 v MICBBP IR L7z & 120 750mgkg LA ETF
BHEEOETHFHBE SN, Tobb, HEIHIZREES
N7:BBPRTEICBITLHERMBEEOBET 25122
L, ZO&E, BERLERT LI LATHBINLY,

2. TBTCIDBEEET v MBI A REREKISIZNT 5

123
it

B—kEFEMEICBYT, 9y bOFRO—-3B T
R4 —7HIZ8.1, 163, 32.5 3 7213 65.1mg/kg O TBTCl
THREOKS L, EIR208ICHBE L TERMBEEER IOV
TR, ZO#E, TR0 —3 B 163mgkg Ll EDIZ5
RCHATICHVATRERECE AT LR L, Fik4—
7 BD425-T16.3mgkg L L DI 5 T I B WFEZIE
LMD LN FRENMIzBW T, RS
O TBTCL %2 BIEMRT v Mz s L CHEBRRIGIZRIZT
HEIDWTHE L. ¥2bb, v bOBERO—3

Biz4.1, 8.1, 163 % /-1 32.5mgkg, HEik4—7HIZS,
163, 32.5% 7213 65.1mgkg O TBTCl * ROk 5- L, 51T
IRIADFERE%ME L THEBRCOREIZEE L, B
40— 3 8 ? 163mg/kg L L@ TBTCI#Z 5 Ca R IZ L
RTHBEIZEVWFESRERCBIRS v FFh SOy 2
FRAYLRXLVHERDLENRL, T/, BEKEI-THO
TBTCII% & T4 163mgkg Ll L D35 THERICHRTH
FIEWFEERROBERS v MER 7oy 2570 Y
LARABEEH LN, LEL, WTFhok5HMzEnT
b FARMR U TR I TBTCHR S O B H BB S h il
oz,

ChODEERETLL, FRO—3BRUEKI—7HIC
TBTCl 4% 5- L7 & & ThFRAERA R UERZIEFEEE
AT LT 25O TBTCl 2 BTk 7 v b BTk
0—3H 7Bk - TS L S TFEREREOR
THEDLN, Thbb, HROHICHES 3/ TBTC
BRFFICBTLEEREEROBRTE27IERIL, 208
I, RO 2ERT 2 I LATRE E /10,

[T E0]

BBP R USTBTCHI L IZHEIR T v MG L2k &, &5
BEHNC & o THAEBHOBRE L BBUGIIRL Y, ik
MRS L BB FELVOWEREER 2 RT I L
Loz, F7-, REGEER2RITA20LARD
BBP ¥ I3 TBTCI 2 BiFET v MiZig5 L& &1L, F
BOREBRERICEIHTAIEPHL IR o7, Zhb
DI EH»S, BBP RUTBTCLIZ & B EEFSCA/EM 2B IR
IBPPHNICERT A C EARR SR, ZHIIOFREUR
DEDHZDEFIZE o TLERTR L TEORERRKIEL %
143 5L &I ORIGEER 2 R T etk D
D, BIERT v MBI ABRERRKCISHT 5 82 A
LHZ X EERERN TR T A I LD HRETCHEI L
HAREEIZ L YIRE N,
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g RNEEE, HREAZEOEERMITZ O = KTiEd
BFRELRT. AT, 2REBHOT I VRIS LANE
T, FOHARELEILRTSF FRPHAHIES WML
SRTEMERZEELTVS, 0L 2ERFERICEST
M ENDEY S A7 LR+ 2 RES, B,
FOMOEEREYHOMEHOZRTHEELH LTS,
L7250 T, hDHiEn A = XL # BT L I2I3HE
OV EEFENT A EFATRTHLIZ0HL6 T,
FHOHEICHAT2HHRIE —HObOICHLA TV
720, PEROEESEFRVWTRBELSh TR, Ly
L, EQar¥a—y—omdfbic X 2 BRGERAI
BT SFHEEHISE — P,y 7 MEROMERIZL D 7
T DML ZRITCHEE O TR RITS AT RIS R Y, —HT
WRETFRIFIC X 2 EEY v 7 oSS ho2d
B END, BT L REAOHMEEREZAT
BRI 2RI EVBDTEL., 0L RiEET L
65X, YPTTHIENRE LTWwAHL DLFEYWHIZOWT
EW T AT 2IIBIT A E ZRTCEHAE O EETD
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E#EbzF L bait, gEEETL{HVORTED,
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TERTHOARZWELIPIT AL REELRATD
5. N, REPFIL ERTWERESOE— 2 a3 0%,
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. PASO DZE) | F DHEETE B O
) LEYEOREE LA ENERORICAET 2 F
ST IR

AR H UMMM E UCTTFR I2EEDD 144E
DTFETHFLINTVE, £EI AT LICHES T 51L5
BOHEDYE, ReoBBzES T L2EMIZ, Fh
FhOBEL L VARFIHLIOL LTHESELFET
Ha.

1. BWEBEMEETIEEMOIFIELEELRR
KB F 0O =R

(1) EB{CHED trichotetronine D = R ITIB ERETARAT
ICET MR
AL BT, H 15, £t

(B8]
HEHED ISR EEEH L T TR LA

BEWARTY, 72207 IV HROFERETEBR
U~u YRR D 11~ 13 RIUT 2 hd 5 Baeyer-Villiger
YA TOBALEZIFTCTCELLEEIOND 13~ 4ARD
BEREFRETETLIVA M ATV HIRHIV 77—l
EEETRTIEPMESNTVE, 1T XY UBR
D—IE LT, K4 Chaetomium globosum &0 +J 7 b
77 VHROBREREREATIFHYAIITI VL
L T chaetoglobosin A~J % Bl LA &M 21T o T & 12,
T/, IROOLEGBHBENT 7 F RN LR %
RYTZE, HIVZO 77— EHEEEERT I L2 HEL
T&7/. £2T, 4BHL Chaetomium & DWW & FERIZAX
HEVOEELFEEICEHEIHLILTHALRTNS
Trichoderma BIZ 2 WTIRET L, B oL FHBLEWITD
VT NMR R CD ANRY FIVIC & 5 G % &0 71§ 7
WEiTo7o.

(Hi]

T LED S8 L 72 Trichoderma sp. % K¥EHT25TC, 3
SERBERERE, Yrunxy rBIUHEBLSVIAT
VTHHL, B FRIZo00WTYYITNVAIT LR
SUNCODS 1 7 Ak V2 MPLC L HPLC 2 #: R L, BE
M4t & 4 trichodimerol (3)& 3£ T trichotetronine (1), dihy-
drotrichotetronine ()& 7% L7- 2 o HHL &+ 1k
BRELE Zhoolbkaiz oW TFAB-MSIZ L D 3 F&
ERFRE, UVERLUIZIRANRY MVIZ X b ok
#EEL, INMR, BNMR B X U'CDHIEIZ & b FriEER
EZRTUEERT AT o 72

106 Hz 1L1Hz
[7.42] [6 a7 |1 23] [s 04]

[o) H 6.2 Hz
I
(zm}c / n 95] (mmc m
v X H uonz xsonz

[630) \ 639 12Hz [6 491 [o 31 ‘1 Hz
154 Hz 145H:2
a: sorbyl [(E,E)-2,4-hexadienoyl] chains

“1.4) {t10.5) 1349

. Q {{11.25)
H I1#{CH;
[ X 1Sc
CsH (I: C ? S T C=0A+8
H H } (3. o) H(339)
4o\ 3N / (50
(2.5 (52.5) lbyl Solbyl
(45.0) [2.93) _,-f
b c

{bicyclof2,2,2]octane nucleus}

3—

Solbyl C=Solbyl

S r}' (110.5)
d: bicyclo[2,2,2]octane nucleus e
¢ H-H coupling correlations []: 8y, ppm
«~ : HMBC correlations (): 8¢, ppm

fig. 1 NMR structure connectivities of 1 by H-H cosy and HMBC experiments
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(3 & £5]

IRANRZ MV X YKEESE, BEOS 3, @{FL—}
LA WEZ V3L, RETHEBESOFEN, UVARS b
W& DG EEGIIRET ANV RV OFENTH S
N7z, Fig. 1IZ/RL72'NMR, BNMR D ¥ — 7 Ot 6
6 DDEFHEEH, & 512 H-H COSY, HMBC, NOE,
NOESY D #IZ Iz X h HaEn Eh ThoFH &M HL
Meih, FEECHEABEERHEE L (Fig.2). X,

v~ 1 NOE correlations from NOESY experiment.
() : 8¢, ppm

fig. 2 Gross structure and relative stereochemistry of 1
Fig3IZ7R L722CD AR Y P VI & ) #xd ST i A58 e L

7. ThoofeaEwi, 2, 4-dimethyl-hexaketide % Hi764)
HE LG T, sorbyl-cyclohexadienone ¥ 4 7O

FIEA 257 F-454 L 7= b DH richodimerol 3)& 2 h, —F
Z O F ] {E & sorbyl-tetronic acid ¥ 4 7 @ w1 [ 4K % Diels-

Positive chirality

354 nm; Ae + 143
313nm; Ae - 17.6

fig. 3 Absolute stereochemistry of 1 by CD spectral analysis

Alder K9 5 2 & 12 & 1 trichotetronine(1), dihydrotricho
tetronine ()& % 5 b D L HEEE X NIz (Scheme 1).

INGDARY PR E, S612, MEEMEIEED
% Phytosphingosine {D CD A2 MV IZ X B EREDOH
RICEBRALLI A, ZRTHEELRET HBICIENMR
CEBIZCDARY PO TEHETH- 7.

BoNTHERIE, SHROENI AT LATOFEEA =X L4

H;C -
CH,
0O OH / CH,
HCTRX CH, 2,4-dimethyl-hexaketide
X o
H,C OH \

Diels-Alder reaction

4

CH; ©

H J 2 2
AN A4
y CH;

1
2: 24.25-dihydro

Scheme 1 Positive biosynthetic route for trichotetronines and trichodimerol
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Chaetoglobosins and cytochalasins, Anal. Biochem., 956,
14-18 (1979)

(10)Yahara, 1., harada, F., Sekita, S., Yoshihira, K., Natori, S.:
Correlation between Effects of 24 Different Cytochalasins
on cellular Structures and Cellular Events and those on
Actin Polymerization in vitro, J. Cell Biol., 92, 69-78 (1982)

(I)REET, ErTE @ BERRREFAEE (4 X%
Ry - REREO - O 0EBREM ORI T HHF
ol PRI EEREH

(2) ¥4 v A5 L HEL-69647T4 DHIV 7 OF7 7 — EHE
EMEE R IE DRRAR

FHibeadr REIED, =HEst

(EH8y]

KR T L EREOFEEHVWTUTO3 207
—RIIDOWTHIREITo 7. (1) 7% ¥ OHE{LIEAE
oWy, (2) AUNY IR EhsFRERTFE
Oar7FA—a @R, (3) HIVu 77 —¥HlE
EHEHET LA AT Y U HIL-696,474 DIGHEER 5
O, (1), (2) I2ownTid, HEEOAREVERZALR

M ERBETRELLZDOT, T2TR (3) I2onT
H}ET5.

A MHT Y UL L-69647413 19924 XV 2oy
W — 72 & o THIKE Hypoxylon fragiforme 0 & HEE S 1,
MWHIV 707 7 —EHEEEEZA LT, Lal, T
DILEWOHIV 7077 —¥HEFEEDO A =X L1200
TRIET T, HELILW. 22T, E¥EZHW S
FETY 7280 ZOERABEOMBEIT - 7-.

(i)
BUMLEWTH D, L-696,475 i BLETHEHIER ITE W
&), 6RREDKBENEERHACEETHAHZ L
BEXONL, FTNFECLLAL T4 A= a -
¥ (MacroModel ver. 6.5; Monte Carlo Method; MM2* Force

2:1.-696,475

fig. 1 Structure of L-696, 474 and L.-696, 475

Field) 12X W 10BREEHETROL (Fig. 2). LD
HIV 7077 —-¥HEFIZ, 7u7r7—¥ (K51 ~<—)
D2ODBHFEEOTANT FrEELRERET HAKEE
L, 22oM50FHBDA VL4 yDT I FAREEKEREE
0L BANKINEEZFTFHICELTVS, 72, Th
BRI E W VRV OBEFRE T OEEIL47~49 A%
BThHo. 1O6EREDOKEEELL y-77 % LOWEERE
FROEEIIEROGHELERETII483ATH o 7.

[(RRRUELE]
HIBWT, 6 BREOKERIENEERHIZEETHY,
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COKRBEDOEFRETLy-9 25407 I FEEETE RABHoETY v 7/ 23RIILT, FIRBIEOERTF M

DM AL, Mo ER EEFIEVETTRTIE DOHIV 77 7—YOREEERETITETH 5.

fig. 2 Structure of grobal minimum energy conformation calculated
by Macro Model

fig. 4 Model of 1 docked into HIV-PR active site calculated by
b, TOKRE(XETI NSO rT Y EATEELSLEE Macro Model
RLTWwb EEZL (Fig.3).

A Asp258B TR

SP25A P 1) K. Kondo, M. Kurihara, N. Miyata, T. Suzuki, M. Toyoda,
Arch. Biochem. Biophs., 362, 79-86 (1999)

2) K. Kondo, M. Kurihara, N. Miyata, T. Suzuki, M. Toyoda,
Free Radical Biol. Med., 27, 855-863 (1999)

3) M. Kurihara, K. Kondo, K. Fukuhara, M. Toyoda, N.
Miyata, Bull. Natl. Inst. Health Sci., 117, 163-165 (1999)

4) K. Kondo, M. Kurihara, K. Fukuhara, T. Tanaka, T. Suzuki,
N. Miyata, M. Toyoda, Tetrahedron Lett., 41, 485-488
(2000)

5) M. Tanaka, N. Imawaka, M. Kurihara, H. Suemune, Helv.
Chim. Acta., 82, 485-493 (1999)

6) M. Kurihara, M. Tanaka, N. Imawaka, H. Suemune, N.
Miyata, Bull. Natl. Inst. Health Sci., 117, 166-168 (1999)

7) M. Kurihara, M. Tanaka, N. Imawaka, H. Suemune, N.
Miyata, JCPE Journal, 11, 185-190 (1999)

H H 8) M. Kurihara, M. Tanaka, N. Imawaka, H. Suemune and N.

) e Miyata, Peptide science 1999, 329-330 (2000)

le50A [le508 9) M. Tanaka, N. Imawaka, M. Kurihara, H. Suemune, Peptide

science 1999 , 327-328 (2000)
fig. 3 Potential hydrogen bonds between 1 and Asp25, Ile50

E51, HIV/Ou 77— ¥ XBIEERIT L iEonT
WhHIRTHHE 1 DREMIEL VEEGETVEMEL
7:. (Fig. 4) COEFNTR, 5FHOTANSFURLE
S0FHOAvOAL Ll LARFELESGERKTELE
E, y-F2 5L LORIIVBORVEVRRY, 11H
RIBIAEER BRI ERZ LT a T EMEES NI,

L%, BIHEREFI 7RI EEDIL, ZOfE
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2. BALCEREMERTIILEMOBELERAR
IREEHE (CBE 7 B AR

(1) RY7x/—-IOMBILIEREE

[BaY]

RYT7x/) =N, #7F v RETIRIAFLEENRS
DEAETUT Y M7V REDT o ) — VKRR
EATRIECERESETHILEYOBRKETH S, Thb sk
TNy, VIO FRRELEAMPIZZ(EER,
BAIGEIERARIT7 LIV X —{EH % CEE S 5 &Yt
PETAHAILILBEEHIRTWS, R 72/ —-VD
BHIEIERE, F& L CEMEERNEIER SR bk
) X2 DNASBILBEHEIR EEZ OhTwD, £
LT, ZOHE{LIER I flavan-3-0l D BIE LD OHEED &
FIANNDIBFHRGICL BT VI VHEBEICER L
TWwAE7DIZ, BREIZEOBBEOHEEZETHELE
OB LEM P IBLEEICETERIEZERZOoNTEL
(# 7 % » Cid B IR dihydroxyl #:1& @ EC & 1) B 3% trihydrox-
yliEE D EGC O H ARV EELER 2= ¥). LaL,
EGCOPEMLERIEH T VB 2w AT D—D
ECOMBALIER S EDOEE 2L, L VERVERILEL

epicatechin (EC)

H

: H
OH OH
H WS o o OH OH
“'OH ”oco—~< é—OH
OH

OH

epigallocatechin (EGC)

epigallocatechin gallate (EGCG)

2307 95HK ) 4 Fquercetin X ) bW &, i
quercetin i ERfL % R LIl E R 2 R T LGS h T3
ZEDL, BT - VORBILERICEAHEZE LS
CEDERBLIURICEIBEIIAET CEHLPIZENRT
wWihhrol, EORRICE, ERT VA NVKRICENESRE
FELAESRYEY 72/ = VDT I ANITKHTAIRIADRK
B EMDLZEDNTERL DD, STYAINEITvTL
TBOR) 7 —VEHEOERRELEZLHOARZ
EMTERVEDTHD, &5, ZLDPEFEALU T
vy 7HE ALY, ThEBERSPAINTHY S VI IVRIE
DTS PHAVENEE T2 0K ED RIS L &
IR R AR EZLRE, T, STUINMRILE
R OB S RICHEL T2 Z L bWETH 525,
WS AN H» o DHEIZBESTld e, HEL
TALEY DS F OREEE T RMICER LD D TIE 2w
CEREHTAIEDLHEL W,

FZC, IR 72/ =TT HNICHT 5 RIG
B eI ANELNSI v TLIEDORY) 72/ —VHED
FRAOWAILODWTEHL DFEHEPHEONLE 7+ 44—
Fies (PDA) t#lAEbYELLOMSIZEBL, 4F
HERTEORKREE EDETRY 7 2/ — VOPERERCHE
BiZowTHRE Lz, SEIRHVARY 72/ - VoREER
% Fig. 1127

epicatechin gallate (ECG) GSP OH

OH
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(] 7 =Y Y ORRALIREIERIL, SODFETICBVTIRAS
1. PEMLER : U RY -2 B LUy 7 7 —dIZBIT Nz edhs, FIBERICERTELD A —/i—F %
APEALERIZDWT, I YA IVEIEAIAAPH Z W T YIFDERTHA LT hot.

B LA Fh, A=N—FFYFBIXUOHTI VNIV 0.6

#H %) & L T superoxide dismutase (SOD) B & UF manni- r

tol, DMSO % fIVC b FAHEDER T ITW ST 2 G HEEE ‘ /9/
FHEAF.

2. ViRALRISHENS | PDAfTELOMS (A4 > b5 v 7 S 04

B) 12k DT YA VBB X D A 7% b6 E

BT B T Y VRIS O &, T A §

Yy I ELTERA M) =TEY 72— LORBILRT S o2

TBiLZ, SFUERE (CERBRNSTFHLEEAMIL) 2K
DRY T2 ) —=AD5 T HNMKT D RKIGIM ORT %
Tv, B 7z - VoORBILEREECoWTIREL

7. 0 S CEEE—
0 40 80 120 160 200
Time (min)
4 51 3> =
[(HR B & UEH) Fig. 2. Inhibitory effect of catechins on the peroxidation of soybean PC liposomes.

)Ry — 3 R 325 3 P2 T RE e Th ti ! nsisted of soybean PC (5 mM) and catechins (5 uM) in 10
1. . JAY =4 q]i’ & U‘j((aiﬁqu 3":) LT%hLE&{tﬁzm : _} mI:( x’:‘:ics-lloll(lffysu‘;zrc?plll 7.4) cosn(:ainin: 0.5 mM DTPA. Control ((J). EC (m).
FY — LB OEEETIE, phosphatidyl choline (PC) 7> 5 & EGC (@), ECG(a), EGCG (#).
#FLI—ERY RV — 212 LT AAPHIRIMCAER T 5

PCBEE(LI PCOOH DY) 7 = / — izt B %1 7:H

IS, TOE, BB uhydoxyl 2 H T L 05 gL e, /
% EGC 3 4R (57 min) L 2BLIEA 2 RE 2o t 2, - mmm{.‘ iy 7//
7z (Fig. 2). A BHICTHLO IV EM LR TH LK g 1opg/ml ot S
BB TRERICE) 72/ —VOHB{LER AL g 6

Z 5, B3R tihydroxyl #3% % A ¥ % EGC i3 EGCG D iR §4 B control

L T ERRR L2 3, SICEM b2 (S 52 &2t E .. AAPH .
Sirofz. Thix, BE dihydroxyldis % 41T 5 ECR - GSP, 0.5 pg/mL.
ECG LB bNkhot, 707>y by 7Y vizon © 4
THERDIREFTZ L2 L 2%, BRdihydroxyl #fiEDE 0 200 400 600 800 1000 1200 1400 1600 1800
HEGSP IXPIERRBMERIZT VAN EHE LD Time (sce)

AL, B uihydroxyl HEEOTE fF katacine IFERIIONL 8 o e e v of AAPT (504>
B OB EE 2 B LREERSR S 17 (Fig 3). in the presence of luminol

Z D BRtrihydroxyl i ED A FF B Sa7 > b

— —

aC”
OH

(upper unit)
OH OH DPPH radical
water / EtOH
. (9:1)
(lower unit) OH
HO
HO
PB-1 PB-1 quinone intermediate PA-L

Fig.4. Conversion of PB-1 to PA-1
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2. IFEFUVBLEOBITIC L A RBILESEE 7+
VEALEOBEBRIE IO TR C2Ta b O
HIREEN, $A4 2 v s RNV EX M) —-DHRENS
2ODBILENBRE NS TF V13 2 BF LU Lo
BRTHHTE, T/, #T7FV28KPB1ET TN
VWEDORIBIZE D PAADER L2 EDL, BT7F ¥
OWBILEISIZIZ 7 = - Vi oHEDAL, ThbbC-
2RO CHEDLBES LI hMMBD 7 FHK ) 4 FL ) bigwn
HMBILER*RETADICEETH A LHHBALL
(Fig. 4).

3. 1, 208BFENL, HT7F Y ONEBLRISEREIIAD
IrueEzohi, ¥4bb, 7% YECIEBHo-
dihydroxyl 22 & C22 70 b Y OFFEIZE Y 2HFD5 Y
ANVERIBLTT v b7 = U RbEEHBER, Thit
& 525 FHIC o-dihydroxyl iiE 2 o0 & Lo Y
ANVERIGLTCENZHEFRETESL, TDD, quercetin
DEH)HC2MLTB 2T BT FRIAFEDE
WIEHMELER 2 RIET 2 HSTED EE L ORI, —,
EGC b ML o WiiBLEH 2 BIETE 500D,
RIeBETTIO L) ZhBTEOEMEEW AP ERL, &
NOEEREN1ETHS L superoxide PEK L TLEH 72
HEGC H & OPEbEH &R S, fRELT, EGC
OHEBALERAMETLTLE ) 2 Lasho .

KBS

a) Kondo, K., Kurihara, M., Mlyata, N., Suzuki, T., and
Toyoda, M. Mechanistic studies of catechins as antioxidants
against radical oxidation. Arch. Biochem. Biophys. 362, 719-
86 (1999)

b) Kondo, K., Kurihara, M., Miyata, N., Suzuki, T., and
Toyoda, M. Scavenging mechanisms of (-)-epigallocatechin
gallate and (-)-epicatechin gallate on peroxyl radicals and
formation of superoxide during the inhibitory action. Free
Radical Biol. Med. 27, 855-863 (1999)

¢) Kondo, K., Kurihara, M., Fukuhara, K., Tanaka, T., Miyata,
N., Suzuki, T., and Toyoda, M. Conversion of procyanidin
B-type (catechin dimer) to A-type: Evidence for abstraction
of C-2 hydrogen in catechin during radical oxidation.
Tetrahedron Lett. 41, 485-488 (2000)

d)- Kondo, K., Kurihara, M., Fukuhara, K. Mechanism of
antioxidant effect of catechins. Method in Enzymology, 335,
203-217 (2001)

(2) RRALHFET D7 1/ - VRARILEIOBERUEE
DEFFAICET 2%

PREET - R -
HIFOE - AAHE - SR

RIRSCHT F i FABRER

(B8]

K1Y 7 =/ — v (polyphenol) i B D RALHMEW L LT
%Ekbtbﬁﬁ%-ﬁETé%ET%D,tb?ﬁ%w
REPIZLSTHET S, BT =/ — VK, 7=
Tun) A FFEERLT IR A FOLH) IZHFEONE
W OQLL5TFEH30,000Dak Bz by =y (kS
Ry vy, ey =) TTEHEEHOLDOHD
b, ESTIIEE, T, EEE, WE B, va-—X
M|, &%, o- t—,::?,?%/,t~W§®ﬁﬂﬁﬂ
PIZZCETRTVWAEDY,

RNV 727 =VERHMLTUTOHF I —IZ ﬁ‘iﬁéﬁ
252,

) $ﬂ7 x./ — J¥(Simple phenols)

(1-1) 7 =/ — VE: R ' ¥ < ) ¥ (Phenolic acids and
coumarines), C6-C1 and C6-C3 structure.

(1-2) 7 9K/ A F(Flavonoid compounds, including antho-
cyanidins), C6-C3-C6 structure
(2) EA1K7 = / — )V (Polymeric phenols)

(2-1) Tannins ¥ ¥ = ¥ (2-1-A) MK FFHE s v =~
(Hydrolyzable tannins) (2-1-B) #& & & ¥ > = ¥ (Condensed
tannins) (2-1-C) Phlorotannins

(2-2) V) 7 F ~(Lignans)

ID)BbRGELTEITIEDEVE) 72/ —Vid
TS5KRIAF, ER =V RE 7)) —VBETHS.
7 7 K /7 4 Fid diphenol % ZAMEE & T 5 {LEW DRI
T, THETICH0HEU LOLEYFRESA TS
7784 P2, JiRMLfed, E - 1o 4 v AR,
HAEER, APy yBEviRiic 2 bu sy EH, i)
EREH - PURER, BROFERIEW ARSI ERS
e EEEREOD B ZEPRESATVE3Y, F72,
7 IR A4 FEEWOBERE & LEERDFRER L OHIC
ADHMEDOH 5 Z L, EEHAETHESRL TS,
—%, Fr=vizonTid, BORSEICY V7 E, 3
2TV, HHEOY Y I VRINEEER, ERIHEH,
IR EseiE, BEERNRSERIA PAES DY VIEE
RIEHSOHNS 0w, ERIFEPHELLTEALN
T&7%. LaL, EEICE->T, MEEY v = v IcHigt
M, PUE(ER, LDRBIIMEROBADIER - THICERZ
EROH D EHEVPMOND XD, HEtAEMEN
ELTHEBEND LI IR > TERD

Y 72 ) = VHBREEN %@%&&T:au%ie
N5, MEEFEF IO, KFRTIE, EPlke L
THERELEZOLNERY T2 ) —VDI)H, NARY T
(hesperidin), % )V ¥ F ¥ (quercetin), JVF ¥ (rutin)® 3TE D
75K 4 FEBEIRL, v MiZ001~1.0gkgPHET3
BEHFEETHILIZE), ChoOPHOT v MIBITS
fREEE, A70A4 FHElR OmE 0BRSSk
VERICEGRD B L Z 2 DN MEADEB ALY, T,
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ILEYWOTREICL 2B DOEEY, quercetin & U rutin
(quercetin @ rutinose FLHE{K) 12DV TS,

[l
1. #5548

1% 5- | @ hesperidin, quercetin &2 U rutin |3 Extrasynthese
(Geney, France) & WEEAL, AR 1%CMC-NallfFEH LT
0.01-1.0 g/5s mDFERFZHBEL 2. wIhdEERBIZ
F—ay bDbDEMER L7, Figure 12 hesperidin DL
i %, Figure 212 quercetin, rutin R FZ DL TH 5
isorhamnetin & tamarixetin DL FHEER £ R T,

OH

OCH;
Rh-GlucO Q

9

OH 0

Hesperidin

Figure 1 Chemical Structure of hesperidin

OH 0
Tamarixetin Isorhamnetin
Figure 2 Chemical Structures of quercetin, rutin and their
metabolites
2. BYER

4BE O Wistar REEW S v M RS A 2V 128
(7:00~19:0089), BE23 1T, BESES20EHYWE
T, SAY &M —JICTHEAT L. T v MIER
WE PR P2 B (ARERY, T%) RUKEZHE
BER X/, EBRCIAEELNS149gDT v 2 EBRIZH
Vv, BEEBIIBWTIHESEToL L.

FER 1 ~ 3T I3 hesperidin, quercetin B¢ \» {2 rutin % 0.01,

0.05, 0.1, 0.2, 0.5 R U°1.0 ghkg PRAET, MBEHENT v MiC
13 1%CMC-Na % 5 mL/kg R E, ThETN2HHEBYV ¥ 7
I2T1H 1 ERaHEORS L. £8FHi&TEH 10:00 »
512:00 DRIk S5 L7z, EBR18-19HEBIZT v F2RAH T
—JRANERURZRILZ. v 21228 H—8
WERE, 2HEIYIFVI—-FVEETCOEL Y
]I L, MO e st Lz, s R OHFRIE,
SR E T-20 CLUF Tl fReF L 72,

%R 4 T3 quercetin B V> 13 rutin % 1.0 ghkg D& T LT
EHEBEDOEMHTT v MC10BH@EREORS L, LREE
fiz Xk hiE+E7. FEES T quercetin BV i rutin
10 gkg PRET, By — VIR O8ELZT v MC
1 EEEGHEORS L, 3AMICh D REZ|BM L. £/,
3 HBICOERMIC X b fiEz %7,

3. otk

MmiF#HIVAFE— ), HDL-a VA7 a— L, J ZIRE
RUMYZUtETA4F, TBARSEZTHHOF v FTHUEL
7o. BBz mak L/ x 8 2 —VRTE (2:01, viv) Tl
BL, Baviyao—-n, P17V EITA VPR VRE
FHBRFy FEHVWTHH LA, FERL2EIZ60TT—
B L, L. #hhiEA 7o FRUTEHEET S
« ~cholestane, norDCA B\ 213 5 3 -cholanic acid & PIEREEHE L
L, Grundy % 9)J U Setchell 5 10 D FEDHREN T4
WL, MFEFRCEHRT7IERI AL FNIE, 20T FHwid
2 -glucuronidase I~ & Y 17K 5% % 7 \> flavone % P #F % i
ELTAY =V —EREMUET CRERRZF LV THEL
HPLC T#llE L 7=.

4. fREHOE

WEMEIETRTFYELSETRL. EBRI~312BW
T, &7 — %122V T 1-way ANOVA R\ T Dunnett D%
BEHBEBELITo 7. EE4ARTSIZBWTIL, quercetin
%57 v bR L LT Aspin-Welch t test {2 & D HEXEIR
ExiTo7. HERFROBIT BRI TITo 2. i
NLEEDL, EHEIIH L Tp<0.05 DB EICEEEDH L
HE L7,

[#2]

EE1~3IIBVT, 5 LAET7F7K 4 FHIzwTR
b, HEmMmE, FRAGERE, AHENERVEZRE
BICHEELEE T RIZES Hh o7, Quercetin 1.0 gikg x5
7 v FOFERFrutin 1.0 gkgt% 5.7 v P ORIZAEMIZH
LPIHBIIHEBRL TV IDONBOLNID, oD
v P CRMBRICENTERCROAGELLBIIARTIIER
oMol £72, mindk5 7 v oML, {E5E
P01 gkg L ETCLEVBIZFELTVWHONFEAD LN,
BKEEFES RPEIEHRPHEETH o7, L2 L, hes-
peridin B\ 13 quercetin X 5- B 123 ML O BFH O ZLITER
Lbhhoi,



EW Y AT JMERT BIEEYE OB L 3IRTHEHHE OB (B—K) 187

1. MERUFHEPIEEICRIZYRE (F81~3, Tablel)  WANTHEIMET, MEFHDL-I VAT 7 — ViR i nutin
Hesperidin, quercetin BV i rutin ik V3 h & FRIEAR T L A 0.5 ghkgi%5-J v M CHEBEICHFRICET LA,

Fu—J\V, M) 7)EI4 FR®) VIERBREICBEER RO DILEYDOMFEREREICRIZTAEELLHIIRD

HEETRIZES Dol MiENY) 7Y £ T 1 FiREIS hes- Lol

peridinZ 2 i3 rutin 1.0 gkgix 57 v F TEREIA B 2. A7 FERRICRIZTRZE (5EBR1 ~3, Tables

Table 1 Hq:atlcarxiSe.tunIﬂpl&ofRatsPdmmstereijpen Qercetin or Ritin
(Experiments 1-3, Day 22, Food-deprived Overnight)

Experiment: 1 Control Hesperidin Hesperidin Hesperidin Hesperidin Heperidin Hesperidin
0.01 g/kg 0.05 g/ky 0.1 g/ky 0.2 g/ky 0.5 g/kg 1.0 g/kg

Hepatic total dholesterol [mg/g) 2.32710,075 2.05940,097 2.28610.045 2.540+0.069 2.43H0.098 2.430+0.121 2.24310,113
Hepatic trlglycends fry/q] 13.5140.64 13.03+1.81 13.0440.48 13.5240.68 13.2940.55 12.4141.05 13.1140.62
Hepatic phosgholipids [my/q] 10.730.61  20.41#1.50  20.3140.92  19.96t0.43  21.040.66  20.2441.54  19.41+1.24
Senmn total colesterol [mg/dL] T2.503.67  60.76£3.30 68.4113.98 69,00t5.87 64.853.85 58.28+2.20 63.46t3.92
Senim Hrdholesterol [mg/dL) 37.1141.84 35.5H2.12 37.61+1.93 40.39+2,19 34.6341.83 37.88+3.99 37.2612.31
Serum triglycerices [mg/dL) 67.13t3.25  74.2744.88 61.55t6.69 66.80+5.03 64.01+3,84 52.6616.88 51.79+4.47*
Senm phospholipids {mg/dL) 95,90+4.71 93.8313.73 92.8115,15 99.40+8.06 93.15t3.88 86.07+4,36 82,5743.98
Experiment. 2 Control Quercetin Quercetin Qrercetin Quercetin Quercetin

Qercetin
0.01 g/ky 0.05 g/kg 0.1 g/ky 0.2 g/ky 0.5 g’kg 1.0 g/ky
Hepatic total dnl@teml [ry/q) 2.8030.153 2,9150.143  2.73440.09  2.565+0.286  2.44810.110  2.51H40.157  2.710£0.146

Hepatic triglyoerides [my/g) 15.84+1.01 14,5540,88 13.10£0.89 16.26+1,17 12,9311 .47 14.34+1.18 14.05+1.57
Hepatic phosgholipids (mg/q] 25.2H1.65  21.86H1,13 22.24+1.30 27,83+0.69 23.0H1.00 24.23+1,05 24.2141.07
Senm total dolesterol [mg/dL) 61.98+6.06  66.1612.87 65,4941.61 58.08t1.52 59.27+4.48 62.69+2.23 63.3312.50
Serum HL~dholesterol [my/dL) 35.453.09  34.7842.35 35.94+2.56 28.76+0.96 34.8043.11 30.2842.13 29.36+0.92
Senn triglycerides [mg/dL] 61.4322. 77  72,933.89 71.26816.40 67.93+5.83 55.3443.21 61.83+4.28 52.0343.50
Serun phospholipids g/ 105.7+4.3 109.444.7 110.9+1.9 102.H3.2 110.0+4.2 106.413.0 106.3t5.3
Experiment. 3 Control Ruitin Rutin R.ltm Rutin Rutin Rutin
0.01 g/ky 0.05 g/kg .1 g/kg 0.2 g/ky 0.5 g/kg 1.0 g/ky
Hepatic total dolesterol [mg/g] 2.376:0.106 2.376+0.061  2.38040,086  2.341+0.079  2.39H0.044  2.45010.15%  2.101%0.067
Hepatic triglycerides [mg/q) 13.48+1,19  13.6710.84 14.7441.04 12.4240.4 14.1141. .62 11.6840.21 11.1410,51
Hepatic phospholipids [mg/q] 2,030.5%  20.6310.61 19.9740.35 19.541.25 19.510.83 20,1241.30 19.2340.68
Serim total dwlesterol [mg/dL] 69.68:2.47  63.83+4.08 68.16+3.51 67,14+4.80 59,54+4.29 62,2240,93 60.84+1.67
Senum Hrcholesterol  [mg/dL) 2.382.%2 39,2041,73 43.16£2.42 39,813.08 37.06+1.46 32,591,721 34,90+2.70
Senm triglycerides [mg/dL) 63.147.81  63.3445.83 48,995,564 55.18+11.84  58.83t10.10  39.14+6.14 32.0844.75*%
Sernun phospholipids (mg/dl) 108.6+1.8 108.2+7.4 110.67.0 111.845.8 105.243.6 98.0512.16 101.043.4

Data are expressed as meenstSM (re=5) .
1) Different significantly from the control grop.
(* p<0.05 vs. Control, ** p<0.01, ***p<0,001 vs. Control, 1-way ANVA followed by Darett's miltiple anparison test)

Table 2 Fecal Fxcretion of Bile Acids in Rats Adninistered Hesperidin (Experiment 1, Days 18-19)
Control Quercetin Quercetin Qercetin Quercetin Quercetin Quercetin

0.01 o/ky 0.05 g/kg 0.1 g/kg 0.2 g/kg 0.5 g/ky 1.0 g/ky
Feral rautral steroid excretion
Qxxostarol () [jmol/day) 9.0141.03  13.65t1.43 12.19+0.53 10.9110.64 14.33t1.62x  10.7812.31  10.751.57
Cholesterol (Gh) [imol/day] 4.1240.09 4.26+0.58 4.77240.36 4,1310.40 4.46+0.49 4.0440.37 5,.5040.69
Coprostanone [1mol/day] 0.96t0.13 1.1540.08 1.1010.13 1,00t0.19 1.1140.11 1.0140.11 0.9740.04
Total [1mol/day] 14.0941.12  19.06+1.98*1 18.0140.68 16.1541.02 19.90+1.69¢ 15.8312.38  17.2141.78
&/h ratio 2.1940.24 3.2040.43 2.5840.28 2.6410.37 3.2140.37 2.6140.39 1.9540.34
Fecal bile acid excretion
Total hile acids [pmal/day] 11.14+1.18 16,23+1.84* 11,86+1.29 11.09t0.99 12,251,588 10.9841.22  14.2240.59
Copositions of fecal hile acids [8]
Qulic acid devived bile acids (s)
Colic acid {CB) 1.5840.43 0.8910.09 0.5840.06 0.7940.13 0.8110.32 1.20#0.41 0.60£0.20
Deaxydolic acid (DCA) 12.7840.56  13,5140.85 14.09+1.85 13,640.60 12,540,63  11,1541.38  11.36+1.03
Isodeaxycholic acid (IDCA) 3.5810.44 3.6140.58 4.4810.86 4.3940.25 3.68£0.31 3.3140.36 3.7310.43
12-Ketolithodholic acid (12KICR) 4.8040.63 4,3H0.63 6.191.17 4.3310.41 6.1540.41 7.4010.91 5.93+1.01
TKetodeoxydolic acid (TKDCA) 0.49t0.20 0.15t0.15 0.1840.17 N 0.1240.11 0.3740.21 0.6640.42
12-Ketocherodeoxydolic acid (12KDA)  0.3940.24 0.0H0.07 0.8610.3% 0.8310.23 1.5840,.50 0.850.51 0.7040.36
Chenodsagdiolic acid derived hile acids (DCAs)
BMridolic acid (LA 7.38+0.55 4.96t0.77 7.0440.91 7.24+1.26 6.7911.17  10.4442.32 8.29+1.83
Lithodholic acid (ICA) 2,7240,27 3.86+0.59 4,3840.43 3.1640.43 3.8910.86 2,4840.63 2,5240.14
Isaolithodholic acid (TICA) 0.660.12 0.510.15 0.8240.11 0.83+0.25 0.9040.16 0.4840.14 0.7910.25
Hyodeogcholic acid (HICR) ) 33.9447.25  46.9313.84 37.3318.23 39.6043.75 32.28£7.05  33.03t11.21 27.316.82
Mirodeaadolic acid (MDCA) 2! 0.1240,11 0.56+0.46 0.1140.10 0.3110,21 0.25+0.14 0.4710.47
oMridalic acid (MA) 0.84+0.17 0.78+0.17 1.2140.46 0.93t0,15 0.8240.53 1.6810.44 1.2310.52
oMmridolic acid (MA) 29.70t7.57 17.6243.18 19.1546.14 24. 1211 25.9417.65  24.4019.44  34.9545.94
6Ketolithodwlic acid (KUCA) 1.070.41 2.0H0.582 2.1540.75 1.2540.40 3.1240.82 2,25t0.67 0.6910.22
Cthers
FPp-Hydroxy S-cholenic acid 0.5H10.26 0.50t0.26 0.250.15 0.1840.11 0.5540.19 0.7240.36 0.7040.20
(As/(D@As ratio 0.20940.025 0.2950.017  0.36440.030  0.318+0.014  0.333#0.025 0.32/40.031 0.303+0.025
Ratio of primery bile acids®! [2) 8.9610.8 5.8410.82 7.6240.90 8.03:1.31 7.6010.88  11.6412.18 8.90+1.90

Data are expressed as meanstSEM (n=5).
1) Different significantly fram the control group.
(* p<0.05 vs. Control, l-way ANOVA followed by Dunnett's multiple comparison test)
2) ND: not detected.
3) Primary bile acids: Total of CA, CDCA and fMCA.
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2~4) , AU, HhasyoRy /- )V,/ 2V ATO—
Hesperidin#% 5-B¢ (EER1) (Jid, BHREATOA FEE VI (CpfChlt) IV TIRAERRERRBO OG0
BHEEAT0.01 RV T 0.2 ghgix 5B IC DA BEICEART 7o PEHEERPRERIZ 001 ghgiXs 7 v P TOAZIMEREIC

Tahle 3 Facal Excretion of Bile Acids in Rats Adninistered Qeercetin (Experiment 2, Days 18-19)

0.01 g/ky 0.05 g/ky 0lgky  02gky 0.5 g/ky 1.0 g/kg
Fecal neutral steroid excretion .
Corrostarol () [iol/day) 8.55+0.72 7.25t0.76 7.0540.86 7.9540.80 8.2040.58 8.7%0.73 9.46¢0.82
CGolesterol (&) [pmol/day] 3.9540.23 4.0210.69 4.89t0.95 3.9240.45 4,0340.39 4.5440.28 5.150.42
Coprostancee (ol /dayl 0.9540.13 0.8840.15 0.9040.15 0.9640.06 0.7810.11 1.0740.11 1.3240.20
Total [ymol/day) 13.45%0.2 12,151.11 12.84+1.16 12.83+1.25 13.0110.81 14.351.07 15.93+1.29
2.1410.08 1.98+0.25 1.6310.26 2.0540.09 2.1240.29 1.9240.09 1.86:0.13

8.811.07 10.3240.99 9.9240.95 11.1341.47  12.5140.73 11.22H81.(2

Jd

g
g
‘
% ;
§

Conpositions of fecal bile acids (%)
Cnlic acid derived hile acdds ((As)

Cholic add () 0.5540.16 1.01+0.20 0.6340.36 0.460.13 0.9040.33 0.8840.24 0.6H0.24
Decxydolic acid (DCA) 12.48+0.2  13.89+1.03 14.6441.69 14.9840.87 14.9041.12  17.5H1.27*1) 13.351.81
Iscdsaxydolic acid (IDCA) 3.00t0.29 3.25t0.25 3.2140.49 3.2240.22 3.0640.17 5.29t0,53** 3,73+0.43
12-Ketolithodolic acid (12KICR) 7.5110.71 5.03+0.70 7.3240.36 7.60t0,9 5.96+1.08 3.6210.40**  5,7910.65
T¥etodecxydholic acid (TKOCR) 0.3940.27 0.120.19 0.55:0.34 0.20+0.12 0.56t0,24 0.1240,12 0.250.17
12-Ketocherodecxydolic acid (12K0DCA)  1.4440.55 1.1340.24 0.8240.19 0.6510.18 0.3610.19 0.3740.07 1.340.56
Chaodbogainlic acid dedved bile acids ((OCAs)
BMridolic acid (RIA) 9,6142.75 5.80t1.06 9.6612.49 7.5642.13 9.4841.39 4.5841.16 5.56t1.97
Lithodolic acid (ICA) 5.50+0.53 5.45£0.57 5.2240.58 4.9040.34 4,9140.38 5.3440.66 5.52+0.37
Isalithocholic acid (TICA) 1.1640.10 0.6H0.24 1.0240.25 1.02¢0.09 0.9540.08 1.1240.21 1.1340.10
Hyodeoxydholic acid {DXRY)) 31.3145.9  45.51+2.14 32.1343.60 32.25t9.40 21.5648.56 - 35.40t4.39  36.6242.79
Mrrodecxycdolic acid MDCA) 2.2540.59 2, 4H0.2 3.2740.83 2,0H0.45 5.0140,22%%  4,940,17%*  3.7240.82
oMridolic acid (@A) 2.011£0.50 1.28+0.24 2.5310.71 1.69t0.38 4.3340.54 3.2540.35 3.1540.65
wMricolic acid (@A) 17.18+3.09 8,7310.89 15.5343.54 19.1646.60 24,90+6.26 14.2843.45 14.4342.48
6Ketolithodolic acid (&KICA) 5.26+:1.35 5.0110.48 4.2240.79 3.9141.07 2.8240.32 2.7140.21 5.2541.64
Others
P-Hydrewy S-dolenic acid 0,310.10 0.6010.22 0.7340.26 0.33t0.09 0.29+0.11 0.5010.18 0.4810.16
CAs/(CAs ratio 0.34140.027 0.328:0,022  0.379#0.031  0.378:0.034  0.35040.026 0.32t0.038  0.320#0.026
Ratio of primary bile acids?’ [3] 10.16¢2.75 6.06t1.54 10.29+2.58 8.0212.16 10.0910.88 5.45+1.34 6.23t1.94

Data are expressed as meansiSEM (n=5).
1) Different significantly from the control group.

(* p<0.05 vs. Control, l-way ANOVA followed by Dunnett's multiple camparison test )
2 Primary bile acids: Total of CA, CDCA and RMCA.

Table 4 Fecal Steroid Bxcretion in Rats Aduinistered Ratin (Experiment 3, Days 18-19)

Control Rztin Rutin Rutin Rutin Rutin Ritin
0.0l gy 0.05gkg 0.1 g/kg 029/ 0S5gky  L.0glg

Fecal nautral steroid excretion [imol/day]
Coprostanol () [l /day) 9.514+0.47 7.36¢0.49 7.9640.63 8.1H0.68 8.81+0.93 6.75t1.05 6.5940.85
Oolesterol (Ch) [rmol/day] 3.940.27 3.3H0.29 5.4140.63 4.110.56 3.94140.39 4.8610.41 3.810.32
Cyrostancne [l /day] 0.5040.07 0.5410.03 0.48+0.08 0.5at0.10 0.5410.08 0.5110.18 0.4210.05
Total [l /day] 13.96t0.36 13.3140.69 12.6041.17 12.041.11 14.2041.37 11.1141.54 12.411.75
Q/th ratio 2.4610.24 1.46H0.23+1)  1.910.14 2.1240.16 1.8010.07 1.7240.12* 1.2940,21**
Fecal bile acid excretion
Total bile acids [pal/day] 12,14+0.41 17.14+0,60* 10.9940.54 11.251.11 11.3841.26 9.6911.78 9.96t1.21

Capositions of fecal hile acids [$])
Cholic acid derived hile acids (CAs)

Oolic acid (@A) 0.740.13 0.86+0.13 0.640.24 1.1880.11 1.0040.17 1.1740.27 1.4940.26
Decxycholic acid (DCA) 10.5840.64 12.6040.58 11.28+2.49 10.96+1.15 14.8910.51 13.5041.38 13.0741.52
Isodecxydolic acid (IDCA) 2.7140.12 3.18+0.56 ° 2.57110.16 2.0240.24 2.5240.10 3.150.%4 2.240.34
12-Ketolithocholic acid (12KUCA) 4,80+0.63 4.3H0.63 6.1941.17 4.330.41 6.1510.41 7.4010.91 5.93+1.01
T¥etodexycholic acid (7KDCR) 0.2040.20 0.51+0.35 N?!? ND 0.1240.12 0.450.45 0.1940.19
12-Ketocherodooxycdolic acid (1I2K0CA)  0.5440.54 0.4610.27 1.011+0.60 0.3440.34 0.2010.20 0.4040.20 1.1140.71
CGermdeageinlic acid derdved acids (IAs)
BMridnlic acid (R4 11.56+0.58 11.0942.3 8.6141.63 6.0640.50 8.7/41.12 8.99+2.94 9.2341.74
Lithodolic add (ICA) 5. TH2.63 5.5210.69 6.9640,59 6.1310.54 5,9040.53 6.6610.40 5.7310.74
Isolithodolic acid (ILCA) 1.05:0.06 0.8H0.04 1.4240.15 1.3240.14 0.9440.28 1.2640.09 1.0140.16
Hycdeoxycholic acid (HCH) ) 25.0016.83 34.32410.37 33.9044.89 49,56t1.2 41.16+2,88 32.3at14.53  32.0145.39
Mirodexyctolic acid (MCA) 2.6650,2 1.50+0.37 1.9040.45 1.9040,22 1.750.15 1.72+0.51 2.05t0,86
oMmridolic acid (M#A) 2.360.11 1.96+0.64 1.4940.16 1.0440.13* 1.1340.11% 1.6910.50 1.8810.22
wMrridolic acid ((MA) 25.25t6,71 17.38+6.88 16.504+4.32 8.1610.44 10.6812,79 19.36t9.46 17.8743.80
6-Ketolithodholic acid (6KIL(A) 3.32+1,30 1.924+0.97 3.7841.,19 2.1440.50 1.9H0.53 1.7241.03 3.3241.73
FPHydrexy S-dholenic acid 0.3810.05 0.2040.07 0.5010.06 0.7340.18 0.8110.21 0.7310.24 1.4240.76
As/(ICAs ratio 0.289£0.007 0.34310.040 0.34240.0565 0.30410.033 0.37240.014  0.39140.046  0.34910.017
Ratio of primary bile acids®’ [2] 12.30£0.56 11.95+2.39 9.2811.64 7.2440.39 9.80+1.14 11.6142.73 10.5241.58

Data are expressed as means:SEM (n=5).
1) Different significantly from the control group.
(* p<0.05 vs. Control, l-way BNOVA followed by Dunnett's multiple comparison test)
2) ND: not detected.
3) Primary bile acids: Total of &, CDCA and RACA.
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HTHEISHEMU 2225, BHEBRAKICOWTRAEELRE
iz ohihros: (Table?2).

Quercetin % 5-b (EER2) 2L, EfdhERxFof N
R R TEOMBICEELELRBO bWk o7, BT
BHERIIEHEOS v F L RB L THRHEREICIIHELE
1L, IOV Tid quercetin 0.2 ghkgk 55 v + T
MDCAD N L 0.5 gkgit 5 5 v + TDCA, IDCAR OF
MDCA 2S# I U 12KLCA A5A L7278 2 — VEER AR iR/
T2 T F T a- VERRBHERL (CAICDCAK) ICidF
BTtz D N7 (Table3).

Rutin {¢5-BF (FEER3) i, EPRAF0A( FHEEEEC
BHEELELEED Lk h o724, Cp/Chitid0.01, 0.5
RUT10 gkgit5-5 v PCHBEOT v MIZEHRTHEEIZ
o7z, JEFEEAEEER130.01 g/kgi®E5-T v N TORN
BELTHEEICHEML 7255, [HHTEEEICoWTIE, 01
B TF0.2g/kg % 5-F v b T o -muricholic acid ( @ MCA)YDS A
L7-PAE, EELELIIED Sk o7z (Tabled).

3. MEFTBARSIER U 7T K/ 1 FigE (EE2RU3,
Table 5)

Quercetini% 5-5 v b CTidMi{E TBARS {HIIF B KFMIZ
AL (12 04619, p<0.001), X5 EA%0.2 g/kg L ETHER
HICHNTHERIERCEELR LA (EE2). miEH» St
SN HEEER 7 78/ 4 Fid querctin & UF isorhamnetin @ 2
HThold, Wb HEEFMICHEML (205963,
p<0.001 L U2 0.6681, p<0.001), Ii%E TBARS{E & B O
W7 (1204951, p<0.001 K T¥12 0.5318, p<0.001).

Rutin#¥ 55 v M 2BV T3 M7 TBARS ffi i3 I BAKERY
1234 L2 0.7774, p<0.001), IX5-EA%0.01 g/kg LA L THf iR

BICHRTHERICRCWEEZR L7 (EER3). MiFH Sl
SNI-ERERL 7 9K/ 4 Fid querctin & UF isorhamnetin @ 2
HThozh, Wb AEEFHCEML (201978,
p<0.01 K& UFr? 0.2255, p<0.01), [fiLi TBARS f & HOHE A
o7z (20.1185, p<0.05 & UFr2 0.1382, p<0.05).

i1, hesperidin$5-7 v b (%EEk1) Tik, IMi% TBARS
ERT7 ZE 4 FREZRASTw RN,

4. Quercetin B\ M I rutin SHEHZRES T v MIBITE 75K
A FUHOMEIZDWT (HEER4 K U5, Tables 6~ 8)

FEER2 ~312BWT, quercetini%5 7 v b Ti0.1 ghkg PL
Lk, quercetin DEEARTH 5 rutinxk 57 v »Tik 0.2 g/kg
DEOHESETIMEPICEMR 7 SR/ 4 FARE S
2, TNLOAMER 1.0 ghefk 5L, WHIZDONWT
kYOS Baast L7,

10 HEEGEORS 7 v b i, MEPICHRE SR
BERL 7 T 9K/ 4 Fid quercetin 2 UF isorhamnetin T3 ¥, rutin
SR SNk drod: (%8R4, Table 6). Rutinf5 7 v b
Tid quercetinfx 57 v MIHXTRREVCEREE 78/ 4
FIRE, B77K /)4 FICHT 5887 7K/ 4 FRY
quercetin DE| & HH FE 12 { (p<0.05-0.001), isorhamnetin
DEEIED - 72 (p<0.05).

LB E5-Z v PTIR, E53BRICBNTHMELD
quercetin &% UFisorhamnetin 2t S L7z (SEEXS, Table 7).
Rutinit 5 F v P O F H quercetin¥t5-7 v M THR T
TR A4 FiEE, BEEE 7 I K 4 FEUisorhamnetin
BENEEIIED» 072 (p<0.01-0.05) 2%, HBRIZOWTIX
FELzERBOO N Aok, RPTHRIEENZT7SEKY
4 i quercetin, isorhamnetin }% UF tamarixetin T& o 7= (5

Teble 5 Correlation of Senum TRERS and Flavanoids (Experiments 2-3, Day 22)

Experiment: 2 Control Quercetin Quercetin Quercetin Quercetin Quercetin Quercetin Dose-respanse
0.01 g/ky 0.05 g/kg 0.1 g/kg 0.2 g/kg 0.5 g/ky 1.0 g/ky  Significance (r?)
Serum TBARS?) [generated MA rmol/nil]
4.47410.148  4.74240.2%4 5.328H0.179%1! 4,37540.358 2.70110,184*%** 2 02040,109%+* 2,21440,205%** p<0.001 (0.4619)
Serum free flavaoids [rol/ml)
Quercetin Y ND ND 0.41910.171  0.40H0.166  0.903t0.052  1.1100.093 p<0.001 (0.5963)
Isorhametin ND 0.166+0.055 0.119+0,073 0,59410.157 0.52710.135 1.06240.055 1.326+0.077 p<0.001 (0.6681)

Correlation of serm free flavonoids and TEARS
Senm free quercetin vs. TBARS

p<0.001 (r? 0.4951)
p<0.001 (r? 0.5318)

Cantrol Rutin
0.01 o/ky

Ritin
0.05 g/ky

Experiment 3 Ritin

0.1 g/ky

Rutin
0.2 o/kg

Rutin
0.5 a/kg

Rutin
1.0 g/ky

Dose-respanse
Significance (r?)

Senm TEPRS [generated MIA rmol/ndl]

3.749t0.255 3.08240.083*  2.97410.107++ 2,75310,181%+* 1.83410.144*+* 1,5350.099%+* 1,68040.110x* p<0.001 (0.7774)

Senm free flavooids [rmol/d)

Quercetin ! ND XD ND
Isorhametin ND N ND 2yl

0.20840.093  0.83040.164
ND 0.40740.176

10.233.35 p<0.01  (0.1978)
3.22560.905  p<0.01  (0.2255)

Correlation of senm free flavonoids and TEARS
Serum free quercetin vs. TEARS
Senum free isorhametin vs. TBARS

PO.05 (2 0.1185)
p<0.05 (r? 0.1382)

Iata are expressed as meanstSM (n=5) .
1) Different significantly fram the antrol grop.

(* p<0.05 vs. Cantxol, ** p<D.01, *++p<0.001 vs. Gotrol, 1-way ANOA followed by Dunett's multiple amparison test )
2) THERS: thidharbituric acid reactive ocopounds, indicated as maladialdehyde generated.

3) ND, not cetected (less then 0.05 mol/rl).
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ERS5, Table 7). 3HEIZBITBRP~ND 7 TR/ A4 Vil EoDEPREDPolZORBE IR S 2 o7, X
Zntin{x5 7 v FOFVESVEHAFHo72A, T—FD SE#%3IHEHIIRF~NHEH S 777K/ 4 YD Db

Table 6 Concentration and Camposition of Serum Flavonoids
(Experiment 4, Day 10)

Quercetin 1.0 g/kg Ritin 1.0 g/kg  Significance'’

Total flavonoids [nmol/mil]
erostin

Qu ) 9.7310.87 34.3245.42 p<0.05
Isorhametin 31.5742.76 69.6742.12 p<0.001
Total 41.3043.22 103.99+6.71 p<0.001
Free flavonaids [rmol /)
Quercetin 0.5640.14 6.3741.37 p<0.05
Isorhametin 1.2010.16 4.3840.38 p<0.001
Total 1.7610.27 10.7541.71 p<0.01
Capositian of flavonoids [9]
Total quercetin 23.70+1.89 32.3622.90 p<0.05
Total isgrhametin 76.30+1.89 67.6412.90 p<0.05
Aglyoone?®’ 4,2540.56 10.1641.09 p<0.01
Data are expressed as meanstSEM (n=5)
%qél(sjllgg{g-{noe was campared between q&eroeun—fed groxp and rutin-fed grap by Aspin-

2) Sum of the percentage of free quercetin and isorhamnetin.

Table 7 Omoentrat‘_lmandCarposmlm of Serum and Urinary Flavanoids
(Experiment 5, Days 0-3)

Quercetin 1.0 g/kg Ritin 1.0 g/kg  Significance!’

Serum flavaoids (Qay 3)
Total flavonoids [mmolArl)

Quercetin 3.0440.36 7.5841.44 p<0.05
Isarhametin 8.774.11 20.30+4.02 N.S.?!
Total 11.8141.40 27.8845.41 N.S
Free flavonoids [rmmol/nl)
Quercstan Not detected®!? 0.454).23 N.S.
Isorharmetln 0.3510.10 0.99+10.09 p<0.01
0.3540.10 1.441+0.28 p<0.05
Cﬂ{%itlcn of serum flavonoids [ %%
Quercetin 25.9741 .40 27.4241.21 N.S.
Total iscrhametin 74.02+1.40 72.58+1.21 N.S.
Xglyocmne 3.6141.64 6.03+1.42 N.S.
Urinary flavaids (days 0-3)
Total flavenoids e}«:zeted [rol/3 days]
Quercetin 308.31172.1 1012.74587.6 N.S
Isarhametin 189.1+106.5 666.5+349.7 N.S
Tamarixetin 231.9+110.6 714.31264.6 N.S
Total 729.41388.9 2393.531188.7 N.S
Free flavonoids excreted [rmol/3 days)
Quercetin 91.4435.2 571.44426.8 N.S
Iscrhammetin 68.8433.3 385.24270.9 N.S
Tamarixetin 82.3129.8 426.63201.5 N.S
Total 242.5496.3 1383.14892.4 N.S
ition of urmary flavenoids :
thlggl quercetin 4(%.%4&6.63 37.4613.00 N.S
Total isarhametin 24.85+1.41 27.2943.31 N.S
Total tamarixetin 34.30+6.33 35.2545.52 N.S
Aglyocone?! 36.7149.65 58.12411.47 N.S

Data are expressed as meanstSEM (n=5) .

1) Different significantly fran quercetin-fed gromp in-Welch t test.
2) Not sis icant (p>0.0: byllsgilrx—mldﬁttest) oy Bep

3) Not detected (less than 0.1 mmol/nl).

4) Smdf the parotage of free qeeroatn, isodenmetin ard taverixetin,
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quercetini¥ 5.7 v F T 94.1% %%, mnutindk5 7 v F T
8567 1H LIz kit E iz (Table 8). 5 S h iz
quercetin & U rutin D% 5-% 3 HE IS BT 2 IRPR U3 HEZ
DMFEHTDTISKI) 4 F& LTOMEEIRL, quercetinik
559 FT%0.13% R 1°0.03%, rutinit55 v b TH
0.89% R.U50.13% T&H > 7z.

[(B%]

77K 4 FolfliE - FEEEROCEPZ 704 Fik
ICRIZTREIZOWTIE, hesperidinPBERUFHILV R
in—wMﬁ7/FTm%#:vxTn—wIDL:vx
T a , BERERUT NI Z7YETA FREISE,
HDL-2 1/7\7‘U—-11/’Z:J:ﬁ’é’¢7a &2 catechin %7 v
oM RUFEFOIVATFO—L, P FYEITAF
VARNVERETSY, EhA704 FE#zZHEMSEAZ
EB HPEERTWE, 200758 4 FORRER
BT B EBICOWTREEI DLW,

HAEA— A7 D quercetin & U rutin D 1 B\ & 13
Kimira & 12 & D FhFN 83 mgd, 1.5 mg/d L FEN
Tw5,. Quercetin & U rutin @ LD50 i3 £ 1L &1 160 mg/kg
(PO, X7 A), 950 mg/kg (iv, ¥ 7 A)TH %, Quercetin K
Urutin DFMEIZDOWT, quercetin ICERFENRH B LTS
16 L2k AHEY OmEHFH D, ntinlZiZER

B hwe EhTwd 9, BREEICDWTH, quercetin
CRENYDHZ LT EHRED LT IHMEDY O
FhHB. —FT, rutin, quercetin ISFIEMEAH S £ v ) Rk
#2200 p3% 5. —F5, hesperidin® 1 HIEWE R UHMICH
THHMBFIRD 550,

FER 1 ~ 3 DEEF D H & T hesperidin, quercetin BV iX rutin
ZHAAD 1 BERED 500045 EIZHH4 4 5 1.0 gkg D
AECT2 BMEREDRS L TOREEMNGHEOFE R
ERRBO LN o7z, 72, IVATFU—LVEARL
ZWiBHE A TIE, hesperidin, quercetin BV d rutinik J v b
DAVATO—) - JEHEAHCRBEL L2V EPHS
Motz i, ME7 7FE/ 4 FIEE L TBARSHO
FicBoMEIREOoNR-Z L), MFERDTIFR/ 1
FAIELTER Z2BE L TV D A EEEDSE L S LB,

Quercetin B V2 13 rutin % 1.0 ghkg % 10 B fE R (EE4)
it 1S (EES) LA, ninks5 59 b0k
HMFEPOBROEER 77K 4 FIEEINE L, mutin®
HEHER T & 5 quercetin D F| & 2 quercetin DINH P TH 5
isorhamnetin DE| & & O HWFEA 25329 S /2. Rutin D43
F1£(610.53)13 quercetin D 73 F & (3022)D# 25 TH D,
%5 L2 EILEER O quercetin & L TIRIET5 L5 &
A, FRIZKLTOFERO7 58 4 FEEM2ED L
THHWFEHRTIEI) AL FHEIRLZLZLED, ntink

Teble 8 Percentage of tkinaﬁgggigﬁﬁgﬁ?n and Serum Distribution of Flavenoids

5, day (0-3)

Quercetin 1.0 g/kg  Rutin 1.0 g/kg

Significance

Peroerrt:a%e of urinary excretion [%] (molar ratio)

-

0.052440.0333

0.326140.1777
0.2092+4).1016
0.232040.0774
0.763740.3515

0.045640.0345
0.033640.0240
0.030740.0194
0.110640.0776

0.0044+0.0020
0.0061+0.0044
0.0043+0.0026
0.01480.0089

0.376140.2134
0.2490+0.1281
0.2670+).0968
0.892140.4329

ZZzZE EEZE ZAZZ 2ZER
nhhin hhhi bhhh bhbh

Isomarmtjn 0.0336+0.0201
Tamarixetin 0.040810.0212
Total 0.126940.0745
Day 1-2
) 0.006440.0016
Isorhammetin 0.0028+0.0009
Tamarixetin 0.003640.0009
[aTOtZ:a% O 0128+0.0030
Quercetin 0.000520. 0002
Isorhametin 0.0000+0.0000
Tararixetin 0.0000+0.0000
Total 0.000610.0002
Days 0-3 |
0.0580+0.0339
Isorhamnetin 0.035540.0209
Tamarixetin 0.043640.0219
Total 0.134940.0769
Percentage of distribution in bloodz’ i molar ratio)
Quercetin
Tsorhanmetin 0 0207+0 0026
Total 0.027940.0033

0.0361+0.0069
0.096510.0189
0.132610.0572

i

Data are expressed as meanstSEM (1) .

3 Bt ot ai
distribut

).05 by Aspm—Welch t test)
on was caloulated by as
ed In serum and that blood weight acoounted

that all flavonoids in blood

for 7% of total body weight.
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quercetin & TIRAVHEBICHTEDH L T EHRES R
7. F 7o, 1EREER (EES) LBV, #5%38H
THFHRFRHFT7 IR 4 FL LTRERRE hADIdES
BO1BDFTHrILizonTid, 1) BELHRINEH
FictoT PSR, 2) BEL BRI
77K A OB THREZT 7784 FUSOWE
& DR ICRH S IIPRFE VI h AR S Rz, B
VI TCHPLC TR SR W R E LTHEL T
5, HEoOWEENEZLNS.
T7IEIAFEZIZLDETERY 72 — VEIFEEN
DOREEOEED H ML B UBIFEIEA TE DT HE
BFREEDI ETHY, TOMMDRNE, ERIEHSE, K
ARV LEL %L, SROMEILING.
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3. &Ml S RAEEENMEOEE CBHERR
FOBERET

1 BFREZIFLEEMCLZTy MR F7OA
P450 DZEE) :  OIEEEEARR DRRRH

AL KRG, MEEA

FaHTE, KERESM

[B#Y]

BEH#FRIETF L AL, SHEIETHRER RBRE
FELTLERHENTWS, LHL, ZORERRED
TOMETH DA, i) IRFHEEOH T ALK, SHH
EN, BT EHENIBRLEERTHE D, kWD
PSRN COREFEIC L 2408 2 v i E LB R
TRV EEAGR, ZOFHSE (CRAYIER
1t) Ou»TY P72 LP450 (P450) 1%, HcbEELEE
FHoTwasZ R E<HShTWS, FEFEEFL 1L
EMcE 2EMORBERMICLZTEELEL O,
FOHMEBITIEIPS0FREB-TWE LD EEDNRS,
LaL, EERIF UV AALEDORES L THEHISH LT,
EOPASOFTFHENFEDREDFESHH L0 E W) Hidil
EAEHLIZER T, KBZEE, R FL >~
EEWIC L 5 PaSOLB)DOHEE B BT I L %
BryE LT, RyABHcEE T 2 P50 FHREICKHT 5 b
JyrooxsLr (TCE), 1,1-Y7unxzsL > (1,-
DCE), cis-12-¥Y 700 x ¥ L ~ (cis-12-DCE) B U
trans-1,2- 7 00X L~ (trans-1,2-DCE) DEE|zDWNn
THE L7,

(8]

1. BB LUtk

SRR Wistar RHEYET v MWL 1B 4L DL L,
MBI~ ihodE, FES5BEII-VHICERL
7 TCE (400, 8003 & UF1200 mg/kg), 1,1-DCE (200, 400
B X U800 mgkg), cis-1,2-DCE (800 mg/kg) & 5% \» it
trans-1,2-DCE (800 mg/kg) % 1 H 1[04 HREIBEREAIRS L
2o WERORED #RG 4 MRICERL, WiECi
WEFI oy —LAFREL.

2. PASOMRKAFMERE G DWIE
7-LFFILYNVT 4 Y 0-FLF5—+E (EROD), 7-4
FEYVLYNT LY O0-FAFF5—¥ (MROD) B X7~
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YIUNEFRVLYLT 4 Y O-FRYYF5—F (BROD) &
X, ERLZ-VYL T4 vEAERTAETSAZEIZE
2 TAFo?, 7.2 bF P I= Y Y O-FZFT7—F
(ECOD) &, & L7z7- e FadF v o< V2 ESE
BIEENToRY, T, RUYTF IV NFT2X
F%—+¥ (BZND), 73 /EUYY NFAFIF—F
(APND) BXUzyxu<w4 ¥y NFAFI—F
(EMND) i&tElE, Nash®HiEY 68w, AR L72R L A
TVFe FEHIELTRDA. 4= @ 7/ —V2-e ¥
¥y 37—+ (4NP2H), 7ulV/ ¥4 v re-k Fuxd
5 —%¥ (CZ6H), A FAFO Y20k FOF Y5 — ¥
(TS2AH), 7 A PAT 0 ¥ 68-t Fu ¥ 7 —+¥ (TS6BH),
FAMAFO Y Ta- FOF L T—+F (TSTAH) BLU'F
7)) VEto-k FO¥5—¥ (LAOH) iEtHiE, #heh
EfL4=trosrsa—L, ek Fn¥xrsolysy
Vi, 208 FOF Y FAMATOY, 6B-L FOFXF TR
PRTFOY, To-t FOXF TR MPATU Y BIVe-F
UxLow) YEBrEdEEksr e 5714 —TERL
TAT 27258, W ho PASORTFERERIEEORED 7 v
MFIZ OV — LB B RERICEHET TiTo 72910,
3. AL Tay T4 vy
FNFROFI IOV —L%175%SDS-KYTZYLT
I ROVEBSREIAT LA, 851, kEIShi s v
sz btatoa—RFEIZEEL, LT v F CYPLIALL,
CYP2B1/2, CYP2C11/6, CYP2El, CYP3A2/1 B L U
CYP4AIRRB A Z 7u—TIZTHWTER L LEBET H S
YR Z F 4001+ 7 V= VTHRBLEY, N R
X, FrYbA—F—THEL.

(38 L o]
1. TCED#E%

LAOH ML, WIhokSETHHFEIIHEML, 20
G, WHBHED29~30BTHo72. F7:, ANP2HB
X OFTS6BH{EM: b TCE#X5-12 & b IS KIFRICHEmL 72
(12~1.84%). L& L, TS2AH &M, 1200 mg/kg TCE
THBEIET LR, —7, o PasoRfF MR R EM L,

Table 1. P450-dependent monooxygenase activities in liver microsomes from
control and TCE-treated rats

TCE (mg/kg)
0 400 800 1200

EROD” 430+ 8.1 457+ 2.7 573195 64.4 +3.4*
MROD” 454+ 72 44.8 £ 6.0 504 £ 11.9 496+ 11.1
ECODY 0.34 £ 0.03 0.35 + 0.02 0.45 £ 0.04¢ 0.48 + 0.06*
BROD® 18.8+£3.2 231+ 4.6 298 £6.9* 279+ 6.1*
BZND" 3.82+£050 429+ 0.25 4.71 £0.22* 4.50 + 0.20*
APNDY 4.02 £ 051 427015 4.80 +0.43 4.91 £ 0.67

" 4NP2H? 0.32+0.03 0.39 + 0.05* 0.47 £ 0.05¢% 0.55 + 0.03%
EMND" 7.26 £ 1.10 8.13£0.70 9.41 + 1.15* 8.40 £ 0.31
LAOH" 044 £ 0.05 1.34 £ 0.43% 1.28 £ 0.321 131 + 0.06t
TS2AHY 0.60 £ 0.17 0.68 + 0.12 0.56 + 0.08 0.35 + 0.08*
TS6BH” 0.88 £ 0.16 1.08 £0.26 1.27 £0.101 1.56 + 0.33%
TSTAIY 0.33 £ 0.08 0.34 % 0.04 0.31 £ 0.05 0.32 £ 0.01
Each value represents the mean + SD of four animals.
‘mollmin/mg protein.
Ynmol/min/mg protein.

*Significantly different from the control (p<0.05).
+Significantly different from the contro} (p<0.01).

8003 % W13 1200 mg/kg D TCEHRSIZ L Y FEIZHmML 2
A, FRLOFBERIE, LACHIEHO & 5 2BEELLNT
3%do7 (Table 1), /2, A1 L7054 THhb
b TCEF G2 X % CYP4ALR3 7 37 OFEPHER S
(Table 2), T?FEIE, TCERBWTHS MY 7 0 OEERE
CERALTWALDEEZ HNW,

Table 2. P450 protein levels in liver microsomes from control and TCE-treated rats

TCE (mg/kg)
0 400 800 1200
CYPIAIR 1.00+0.14 097 +0.19 1.09 £ 0.18 1.07+0.12
CYP2B122 1.00 £ 0.33 1.07 + 0.28 1.91 £ 0.53* 2.49 £ 0.361
CYP2C11/6 1.00 £ 0.10 1.09 £ 0.04 0.90 + 0.07 0.65 + 0.041
CYP2E1 1.00 £ 0.14 1.03 £0.10 1.20 + 0.05* 132+ 0.13*
CYP3A2/1 1.00 £ 0.17 1.02+0.16 1.28 + 0.07* 131 £ 0.13*
CYP4A1/2/3 1.00 £ 0.10 2.14 £ 043t 2.07 £ 042 2.01 £ 0.16t

The immunoblotting results were normalized to those of control rats. Each value
represents the mean & SD of four animals.

*Significantly different from the control (p<0.05).

tSignificantly different from the control (p<0.01).

2. 1,1-DCE, cis-1,2-DCE B & U trans-1,2-DCE O 23
1,1-DCE{Z, CYP2CI1{RTFIERES: D TS2AH & % HF 12
WA &2, 800 mekg BEIZ BT B ZOEHIE, HEBHD10%
PFTHot: (Table 3). F7z, CYP2CIN/6%5 787 % 400
B X U800 mg/keg 1,LI-DCEIZ X ) ZHFN 368 X U83%
A L 7z (Table 4) . c¢is-1,2-DCE® & U trans-1,2-DCE b

Table 3. P450-dependent monooxygenase activitics in liver microsomes from
control and 1,1-DCE-treated rats

1,1-DCE (mg/kg)

0 200 400 800
EROD” 366+42 33224 36.8 6.6 323+£6.7
MROD” 23.8+£27 181+ 1.6* 182 £33 143 + 40t
ECOD” 0.33 +£0.02 0.31 £ 0.02 0.30 £ 0.03 0.13 £ 0.01%
BROD” 156+ 3.5 13.1+18 186+ 2.0 143+ 14
BZND® 427 + 0.60 444+ 0.16 3.66 + 0.42 1.49 £ 027+
APND" 9.18 + 0.63 9,06 + 0.32 9.67 +1.20 7.66 + 1.11
CZ6H” 1.05+0.10 1.01 £ 0.05 0.92 + 0.07 0.37 £+ 0.05t
EMND? 7.67 £ 0.54 7.85 £ 0.39 843 +1.06 6.42 £ 0.47*
LAOH® 0.59 + 0.08 0.51 + 0.09 0.68 +0.18 0.48+0.13
TS2AH” 0.86 + 0.15 0.91 + 0.10 0.59 + 0.08* 0.08 £ 0.02t
TS6BH? 0.82 + 0.06 0.67 = 0.11 0.72+0.15 0.25 + 0.09%
TSTAHY 0.31 + 0.04 0.34 £ 0.03 0.35 +0.03 0.34 + 0.04
Each value represents the mean + SD of four animals.
“pmol/min/mg protein.
Ynmol/min/mg protein.

*Significantly different from the control (#<0.05).
+Significantly different from the control (p<0.01).

Table 4. 450 protein levels in liver microsomes from control and 1-DCE-treated rats
1,1-DCE (mg/kg)

0 200 400 800
CYP1A12 1.00 £ 0.13 0.61 + 0.05* 0.59 + 0.08* 0.34 + 0.09*
CYP2B1/2 1.00 £ 0.27 094023 0.89 + 0.22 040+ 0.17*
CYP2C11/6 1.00+0.12 0.97 £ 0.08 0.64 + 0.09* 0.17 £ 0.03*
CYP2E1 1.00 £ 0.19 092+0.14 0.91 £ 0.12 0.40 + 0.10*
CYP3A2/1 1.00 £ 0.15 0.81 +0.10 0.86 £ 0.16 0.26 + 0.04*
CYP4A1/2/3 1.00 £ 0.18 0.83 +0.12 117035 0.96 £ 0.12

The immunoblotting results were normalized to those of control rats. Each value

represents the mean + SD of four animals.

*Significantly different from the control (p<0.01).
TS2AH iHESB X USCYP2CI/6 ¥ /37 EFEIZES &4
7298, FOWPHRIILI-DCEN L ) BIEELDOTIE LD,
o7z (Table 53 & U Table 6). TS6BH B & UFCYP3A2/1 ¥
Y7 EIX, 1,1-DCE B & Ucis-1,2-DCERS5- CHEIZR D
L7z, cis-12-DCE B & Utrans-1,2-DCEL, CYPIA2 B L TF
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Table 5. P450-dependent monooxygenase activities in  liver
microsomes from control, cis-1,2-DCE- and trans-1,2-DCE-treated rats

Control cis-1,2-DCE trans-1,2-DCE
ERODY 53.6+49 517+ 1.8 76.1 £3.5t
MRODY 37837 36347 71.0 £ 7.3t
ECOD" 0.42+0.03 0.30 + 0.08* 0.48 + 0.06
BROD¥ 216+23 15.6 + 0.8t 23.6+3.8
BZND" 4.77 £ 0.32 343+ 1.10 4,64 +0.55
APND 1.1+ 1.1 104 £ 1.7 126 £ 0.9
CZ6H” 1.36 + 0.06 0.90 + 0.29* 1.09 + 0.17
EMND” 829£0.90 6.81+ 133 8.72+ 0.64
LAOHY 0.61 +£0.13 0.53 £ 0.07 0.56 + 0.04
TS2AH” 0.75 £ 0.10 0.40 + 0.12% 0.47 £+ 0.08%
TS6BH? 0.66 + 0.06 0.27 + 0.12¢ 0.74 + 0.03
TSTAH 0.33 £0.02 0.24 + 0.03% 0.33+0.03
Each value represents the mean + SD of four animals.
*pmol/min/mg protein.
Yamol/min/mg protein.

*Significantly different from the control (p<0.05).
tSignificantly different from the control (p<0.01).

Table 6. P450 protein levels in liver microsomes from control, cis-1,2-
DCE- and trans-1,2-DCE-treated rats

Control cis-1,2-DCE trans-1,2-DCE
CYP1Al12 1.00 + 0.08 0.78 £ 0.13* 1.38 £ 0.10t
CYP2B122 1.00 + 0.08 0.58 + 0.091 129+ 0.12%
CYP2C11/6 1.00 £ 0.16 0.60 + 0.13% 0.66 + 0.08%
CYP2EI 1.00 £ 0.06 0.82 +0.14 0.89 + 0.08
CYP3A2/1 1.00 £ 0.14 0.58 = 0.10% 1.09 £ 0.10
CYP4A1/2/3 1.00 +0.13 0.90 = 0.09 097 £0.12

The immunoblotting results were normalized to those of control rats. Each
value represents the mean + SD of four animals.

*Significantly different from the control (p<0.05).

tSignificantly different from the control (p<0.01).
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S WinvitroRTT v FIFOCYP2BY 77 7 3 ') —P4S0 5
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DEHFACIEFTF L LA T LI P450IZxE T 2
wE (B - B L UHME) 3, BHTEETHD,
NEDEENRIEZLIF L VLAY OHEHEBIZT S H
DETHED o TWSE I EAEE SN,
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