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Fig. 1-1. Chemical Structures of N-Nitrosodipropylamine and its Oxidized Deriva-
tives.
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Table 1-1. Inhibitory Effects of Organic Solvents on the Mutagenicity of Car-
cinogenic N-Nitrosamines ’

TA100 revértants/platea)

Control Dimethyl Dimethyl Acetone 95% Acetonitrile
sulfoxide formamide Ethanol
NDMA 1046 (100) 57 ( 5) 0 (0) 5(0) 3(0) 8 (1)
NDEA 644 (100) 85 (13) 20 ( 3) 11 (2) 0 (0) 80 (12)
MHP 871 (100) 128 (15) 45 ( 5) 9 (1 20 ( 2) 0 (0)
MOP 1126 (100) 68 ( 6) 0 (0) 30 ( 3) 0(0) 9 (1)
MDHP 336 (100) 87 (26) 66 (20) 56 (17) 68 (20) 87 (20)

BHP 314 (100) 24 ( 8) 0 (0 21 (9) 0 (0) 51 (16)
DHPHP 131 (100) 43 (33) 382 (24) 26 (20) 35 (21) 30 (23)
HPOP 797 (100) 403 (51) 279 (35) 302 (38) 293 (37) 198 (25)
BOP 413 (100) 240 (58) 176 (43) 198 (48) 234 (57) 146 (35)
BAP 1387 (100) 848 (61) 920 (66) 542 (39) 921 (66) 112 ( 8)
NDMM_ 904 (100) 209 (23) 0 (0) 2000  49(6)  57(7
DPND) 618 (100) 323 (52) - - - -

DBND) 290 (100) 151 (52) - - -~ -

a) The solvent (100 1) was added to the S9 mixture containing 10 mg of N-
nitrosamine. The number of spontaneous revertants (130) was subtracted. Values in
parentheses show the percentages of the control.

b) Comparison of activities of DPN (3.9 mg) and DBN (0.47 mg) dissolved in 1001
of dimethyl sulfoxide or in 25% dimethylsulfoxide (control).

B3 K R

1. Amesy: & ITHIREUHIEE DNAMEIE 7 R b OB
NDMA, NDEA, 7w EA7 3 vFEAERUDBNOEREM % AnesiE TH~72o Table 1-1iTiZ.
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Table 1-2. Genotoxicity of N-Nitrosamines in Hepatocyte Primary
Culture/DNA-repair Test

N-Nitrosamine DNA Dose UDS graisxs/ % of UDS-
repair?’ (M) nucleusP positive cellsc)
DPN * 1073 8.8+ 5.8 62
1074 2.9+ 2.7 21
107% 1.0+ 1.5 4
BHP + 5x 107 5.7+ 3.7 46
5x1074 2.4+ 1.8 8
5x 1070 1.3+ 1.4 3
HPOP + 1073 73.9+12.6 100
1074 25.4+ 9.2 98
107° 3.3+ 3.5 21
BOP + 1073 toxic _

1074 65.5+15.0 100
S 1070 17.9+ 8.7 92
MHP + 1073 12.7+ 6.2 88
1074 1.5+ 2.3 10
07° 0.1+ 1.4 2
MOP + 1073 73.9+13.3 100
1074 43.1+19.5 95
107°  10.9+ 4.9 82
BAP ot 1073 14.2+ 5.2 88
1074 2.6+ 2.8 15
1070 0.2+ 1.2 0
NDMM + 1073 7.9+ 4.6 69
1074 1.5+ 2.6 7
1075 0.4+ 1.4 0
DHPHP - 2x 107 1.7+ 1.6 5
2x107% 1.3+ 1.4 2
2x107° -0.2+ 1.2 2
MDHP + 5x 1073 4.9+ 3.3 40
5x 1074 1.4+ 16 6
5x 1070 0.7+ 1.4 0
NDEA + 1074 1.7+ 7.5 93
1079 5.5+ 3.8 49
1076 1.9+ 1.9 1
Water 0.1+ 1.4 0

a) +, induced DNA repair; -, failed DNA repair.
b) MeantSD of triplicate coverslips.
¢) Cells with net counts of at least 4 grains/nucleus.
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Table 1-3. Cytochrome P-450 Contents in Liver and Lung Microsomes of Several
Species of Animals and Human

ECB P-450 content (nmoles/mg protein)
reaty
Species mentg) Liver Lung
Rat - 0.86 0.036
+ 1.84 ¥ 0.071 *
Hamster - 1.02 0.034
+ 1.83 * 0.075 *
Mouse - 1.01 0. 060 %
+ 1.09 0.125
Rabbit - 0.96 0.041
Monkey - 0.95 0.081
Human % 8.?% -
c 0.09 -
D - <0.012
E - <0.012
F - <0.012

a).Aﬁ%mals were pretreated with a single i.p. injection of 500 mg PCB per kg body
weight.

Value represents means of three experiments; the standard deviations were <15 % of
the mean values. Significantly different from the value for non-treated animal:
#¥p<0. 01, *p<0. 05.

Table 1-4. Monooxygenase Activities in Liver and Lung S9 of Several Species of
Animals and Human

MHP Activation Aniline p-hydroxylation

Species gCB (TA100 revertantsP) /plate) (pmoles/mg S9 protein/min)
rea
mentgy Liver Lung Liver Lung
Rat - 304 <130 49 7
+ 871 ¥ 143 234 ** 14
Hamster - 134 <130 185 oo 40
+ 1745 132 217 42
Mouse - 954 o <130 % 30
) + 861 218 173 32
Rabbi t - 529 <130 116 19
Monkey - 440 <130 53 6
Human A 188 - 11 -
B 238 - 14 -
C 174 — 13 -
D - <130 - 0.3
E - <130 - 0.5
F - <130 - 0.3
a)_Aﬁ%mals were pretreated with a single i.p. injection of 500 mg PCB per kg body
weight.

b) Assay was carried out at the 10 mg dose level. The number of spontaneous
revertants (130) was subtracted. . .

Value represents means of three experiments; the standard deviations were <15 % of
the mean values. Significantly different from the value for non-treated animal:
#%p<0. 01, *p<0. 05.
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Table 1-5. Mutagenic Activities of N-Nitrosamines: Requirements for Enzymes and NADP+

TA100 revertantsa)/plate

Addition BHP HPOP BOP MHP MOP BAP NDMM DHPHP MDHP
Completeb)(control) 814(100) 797(100) 413(100) 871(100) 1126(}00) 1149(100) 904(100) 132(100) 336(100)
-89 83 (11) 137 (1) 18 (3) 54 (6) K 4 (0) 49 (5 30 (23) 37 (11)

+ cytosol instead of S9 96 (31) 157 (20) 192 (46) 121 (14) 125 (11) 115 (10) 90 (10) 38 (29) 75 (22)

+ microsomes instead of S9 125 (40) 331 (42) 184 (45) 487 (56) 430 (38) 609 (54) 521 (58) 50 (88) 126 (38)

+ microsomes and 0.25 units 199 (63) 505 (63) 293 (71) 552 (63) 684 (61) 709 (62) 583 (64) 84 (64) 191 (57)
G-6-P DHase instead of S9

+ microsomes and cytosol 272 (87) 701 (88) 383 (94) 787 (90) 1031 (92) 1028 (89) 773 (86) 117 (89) 288 (86)
instead of S9

+ heated S9d) instead of S9 29 (9) 141 (18) 184 (45) 57 «(6) 128 (11) 43 (1) 8 (1) 43 (33) 28 (8

- NADP+ 5 (2) 143 (18) 226 (55) 76 (8) 125 (11) 39 (3) 31 (2) 81 (28) 70 (21)

a) Assay was carried out at 10 mg dose. The number of spontaneous revertants (130) was subtracted. Values in paren-
theses show the percentage of the control.

b) Complete system contains liver S9 from PCB-treated rats and NADPH-genenating system and phosphate buffer (pH 1. 4).
¢) K:killing.

d) S9 was preheated in a boiling water bath for 10 min.
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Table 1-6. Effect of Inducers on Mutagenic Activities of N-Nitrosamines and Microsomal Cytochrome P-450 Content

Microsomal cyto—

TA100 revertantsa)/plate chrome P-450
content
Species Inducers BHP HPOP BOP MHP MOP BAP NDMM DHPHP MDHP  (nmoles/ml)

Rat None 69 (22) 353 (44) 187 (45) 326 (37) 103 (9) 237 (21) 342 (38) 56 (42) 163 (49) 4.56 (24)
MC 58 (19) 348 (44) 240 (58) 428 (49) 105 (9) 245 (21) 357 (39) 53 (40) 171 (51) 8.74 (47)
PB 301 (96) 609 (76) 348 (84) 970(111) 788 (70) 862 (75) 643 (71) 147(111) 258 (77) 16.73 (89)
PCB  814(100) 797(100) 413(100) 871(100) 1126(100) 1149(100) 904(100) 132(100) 336(100) 18.75(100)
Hamster None 55 (19) 815 (36) 194 (56) 734 (42) 128 (70) 134 (40) 267 (18) 40 (81) 171 (50)  4.67 (23)
MC 59 (20) 339 (39) 211 (61) 756 (43) 132 (76) 141 (43) 284 (20) 46 (35) 158 (46)  9.34 (45)
PB 235 (80) 787 (90) 341 (99) 1794(103) 168 (97) 284 (86) 1427 (96) 142(108) 259 (75) 16.15 (79)
PCB  293(100) 869(100) 346(100) 1745(100) 174(100) 831(100) 1486(100) 131(100) 345(100) 20.55(100)
Mouse None 17 (13) 850 (75) 185 (71) 530 (62) 154 (24) 215 (55) 453 (63) 57 (43) 156 (51) 6.98 (62)
MC 57 (43) 339 (72) 208 (79) 514 (60) 141 (22) 204 (52) 483 (67) 51 (39) 167 (54) 8.60 (76)
PB 137(104) 425 (91) 269(103)  937(109) 610 (94) 310 (80) 640 (89) 130 (99) 234 (76) 10.41 (92)
PCB  133(100) 468(100) 262(100) 861(100) 651(100) 389(100)  716(100) 131(100) 807(100) 11.32(100)

a) Assay was carried out at 10 mg dose. The number of spontaneous revertants (130) was subtracted. Values in paren—
theses show the percentages of the activity obtained with liver S9 from PCB-treated animals.



2. P-AS0FREHIR U EROEAE

Table 1-5ic=Fwmy T mre)/ —L7 3 VRBAOPBUES » MY, § 7w Y—ARE
EEES Ik BIEALORRER Lo _HBEOBEMAIRAD 2 v = — M EHRERER
HROW2ELURATH oo Y7 0Y—ARY I 7 v/ — 4 Lglucose-6-phosphate
dehydrogenase % Fj\» % & BRI ENENSIERVIRADL0-60% R U60-T0% DIEHE %R
Lo 27 mY— A& bilZEbESE, IEHIESIDIEICIHZ— Uiz, SOBTKIB LT
BT 5 LIEMLEE S Q. 300 OFBURIGINADPT 2 LB E Uico Licds-
T\ EHLRGREL LTI s 0V — AL, BRERE LONP E2ER L7z,

HEED » by N AR Y —RU= Y ZFFSIEFV & & OP-A50FBHORAE A Table 1-6iC
NUTzo SREBIYNIC B\ TPOBXISPBILENS 5 & & it & » CARFUEISAZ ML . BHP
EDHPHP b BH S SIEMEER Lice CHICHL T MOLB TRV FHhOEA 2 HRAE
HoiEh -,

2 EICPCBLEEIMIE I\ T WBERESRYE & P-450B BRI DORZB AT L2 (Table 1-T)o
NADP™ % [RUSRHA SR < & BOP(35-45% D)) & HPOPLIA DZREUEM: 31312524 1otk
Lico —BRALIRBRSHPTO S VA v ax— v 3 v b EREEEZEE IS L 720
metyrapone 1 mM%ZESICERING 2 &\ 32-92%DFAEHNES S, PRAE L7 3EE M icB VT
bERRTH > 720 CHISH LT, a-naphthoflavonelZPCBX IAMCHULE L 7:B10 W4 h DI
B BB ERE B » 10 FHABBOSTEIYRC L MIFSIC & DIERES he = |
vy 7wy -7 3 EAOERFE 4 2NADPTOREIL . HPOP EMOP TR S
SORDFREDS. F 7-BOPOBEIZL S FAIEIERMEY SN D - 122 ERBRVT, FREDER
THoTeo oI, v b EFNVTOERRFIEN, P-450FEH & MEFOHEIc BT B4
ZRECBD SN - feo FOBE LEIRRIC. MIPOPCBALENHSIIC & 275 LIz, NADPY
ZER . —BYURASHITA V4 2 x—v 5 455, Xidnetyrapone 24 % & &
ik > TREMELTZ 5> 7245, a-naphthof lavone DRI B SN - 120
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Table 1-7. Effects of NADP* and Inhibitors on Mutagenicity of N-Nitrosamines with
Liver S9 from PCB-treated rodents

TA100 Revertants®/plate

N- Species Controlb) -NADP*  +Carbon +Metyra- +a-Naphtho-
Nitrosamines monoxide pone flavone
BHP rat 314 (100) 9 ( 3) 31 ( 10) 60 ( 19) 306 ( 97)

hamster 293 (100) 18 ( &) 85 ( 29) 67 ( 23) 301 (103)
mouse 133 (100) 13 ( 10) 25 ( 19) 33 ( 25) 137 (103)
HPOP rat 797 (100) 151 ( 19) 335 ( 42) 311 ( 39) 749 ( 94)
hamster 869 (100) 165 ( 19) 365 ( 42) 365 ( 42) 817 ( 94)
mouse 468 (100) 150 ( 32) 243 ( 52) 271 ( 58) 454 ( 97)
BOP rat 413 (100) 189 ( 54) 191 ( 55) 181 ( 52) 369 (106)
hamster 346 (100) 190 ( 55) 201 ( 58) 180 ( 52) 336 ( 97)
mouse 262 (100) 170 ( 65) 186 ( 71) 170 ( 65) 246 ( 94)
MHP rat 871 (100) 87 ( 10) 305 ( 35) 305 ( 35) 819 ( 94)
hamster 1745 (100) 52 ( 3) 733 ( 42) 681 ( 39) 1744 (100)
mouse 861 (100) 52 ( 6) 413 ( 48) 413 ( 48) 862 (100)
MOP rat 1126 (100) 113 ( 10) 327 ( 29) 282 ( 25) 980 ( 87)
hamster 174 (100) 71 ( 41) 78 ( 45) 84 ( 48) 184 (106)
mouse 651 (100) 65 ( 10) 169 ( 26) 293 ( 45) 671 (103)
BAP rat 1149 (100) 34 ( 3) 218 ( 19) 218 ( 19) 1218 (106)
hamster 331 (100) 43 ( 13) 116 ( 35) 149 ( 45) 332 (100)
mouse 389 (100) 51 ( 13) 169 ( 51) 187 ( 48) 377 ( 97)
NDMM rat - 904 (100) 27 ( 3) 316 ( 35) 289 ( 32) 931 (103)
hamster 1486 (100) 45 ( 3) 52 ( 35) 476 ( 32) 1575 (106)
mouse 716 (100) 72 ( 10) 344 ( 48) 322 ( 45) 1737 (103)
DHPHP rat 132 (100) 30 ( 23) 38 (29) 38 (29) 144 (109)
hamster 131 (100) 30 ( 28) 29 ( 22) 25 ( 19) 144 (110)
mouse 131 (100) 31 (23) 25 (19) 38 ( 29) 135 (103)
MDHP rat 336 (101) 64 ( 19) 131 ( 39) 118 ( 35) 339 (101)
hamster 345 (100) 58 ( 19) 98 ( 32) 109 ( 32) 352 (102)
fouse 307 (100) 49 ( 16) 80 ( 26) 120 ( 39) 306 (100)

a) Assay was carried out at the 10 mg dose level. The number of spontaneous
revertants (130) was subtracted. Values in parentheses show the percentage of
the control.

b) Control system contained liver S9, NADPH-generating system and phosphate buffer
(pH 7. 4).
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Table 1-8. Effect of the Pretreatment of Rats with BHP on Mixed Function Oxidase in Rat Liver $9

Days after a single ip injection of BHP Duration of treatment with
at a dose of 3 g/kg body weight 0.2% BHP in drinking watera>
Control 1 3 6 Control 6 Weeks

P-450 contentb) (nmoles/mg protein) 0.86+£0.13 0.79+0.02 0.80%0.07 0.85%0.06 0.67+0.02 0.69%0.03
Aniline Hydroxylation®

(pmoles/mg S9 protegn/min) 4942 51+ 2 54+ 3 52+ 2 32+ 3 38+ 1
Mutagenic activityd) (TA100 revertants/plate) :
BHP 217 15 25 24 35 21
DHPHP 31 33 32 37 31 30
HPOP 353 (100) 318 ( 90) 371 (105) 328 ( 93) 349 (100) 345 ( 99)
BOP 187 (100) 165 ( 88) 199 (106) 196 (105) 234 (100) 235 (100)
MHP 326 (100) 346 (106) 332 (102) 306 ( 94) 310 (100) 292 ( 94)
MOP 103 (100) 90 ( 87) 85 ( 83) 104 (101) 117 (100) 97 ( 83)
BAP 237 (100) 214 ( 90) 230 ( 97) 253 (107) 307 (100) 292 ( 95)
NDMM 342 (100) 323 ( 94) 356 (104) 321 ( 94) 373 (100) 371 ( 99)
MDHP 163 (100) 175 (107) 173 (106) 163 (100) 164 (100) 171 (104)

a) Rats were killed at 12 weeks of age.

b) Microsomal cytochrome P-450 content and c¢) aniline hydroxylase activity in S9 fraction. Values are means and SD
for 3 experiments, except for the case of liver weight (individual errors).

d) An N-nitrosamine (10 mg) was preincubated with liver S9. The number of spontaneous revertants was subtracted.
Values in parentheses show the percentage of the control.
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Fig. 1-2. HPLC Profiles of Metabolites in Plasma (A) of Rats Treated with [1-
14C]BHP and Its Extracts (B). Mobile phase: A, system 1; B, system 2.
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Table 1-9. Determination of BHP and Its Metabolite in plasma, tissue and urine by
HPLC

Peak?) % of total radioactivity
Plasma Liver Kidney Lung Urine

I 2.6 33.6 7.3 0.9 9.0

n 0.7 n. d. n.d n. d. n.d.
I 0.9 1.6 5.9 2.1 n.d.
1\ 89.3 57.0 79.6 89.0 88.1
v 2.1 2.2 2.6 3.1 1.6
VI 0.17 0.09 0.17 0.15 0.03
VI n.d. n.d. 0.08 n.d. n.d.
Total 96. 4 94.5 95. 6 95.9 98. 17

a) Retention times of peaks IV, V, VI and VII correspond to those of BHP, HPOP,
MHP and BOP, respectively, and peak I contains the glucuronides of BHP and HPOP.
n.d., not detectedf .

E— 7 [HHYIB) icidBD ol nWC Eh o, B-I V) u= §— ¥ ok SRsis L
Toe& A, BHP(E— 7 1D93. 9%). HPOP (3. 9%) D2 ¥ — 7 2358 &7z, Table 1-9iidhF.
i, BROUBEPRICOWTERRICRT LIRS &7 BOP (VIDBBlRBULWTOS
Riis iz, BHP. HPOPE CHSD SNV o YEIAEADRR, JEH. Eh~oHkiA R
KRS L7 & AL WFhoBA bHHIEHEDIR E A EBChbic L DEFIH s Nz,

BAE B K

REMSBUCIEAS A TWAE = bey Fasr ) — 7 ¥ VKD vitroTOEM(bE
‘At L7co AmestRic BT, BRITRROBR =t vy 7 3 v OZREHERIT 3 ici3EE
B ORBRERAE L0 3 ETT RO h e 0B REMREIC BT bIEE LR
BEE S 5 2 80 RSN TV, ABRICBOTI., EEBETAL0MICH L TR
RUE OSEBMIITSIEFAE Fic B8V CTRROLAYIMEIAL & 1, PCBXIIPBIAE L 7= BT

18
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Carcinogenic potency

Fig. 1-3. The Relationship between Carcinogenic and Mutagenic Potencies in Rats
(4) and Hamsters (B). Carcinogenic potency is expressed as the reciprocal of the
dose tested (mmol/kg) that is expressed a tumor incidence of 50 % or greater by
oral administration. Mutagenic potency is expressed as the number of revertants
per umol of N-nitrosamine, which was calculated from a 10-mg dose with PCB-
induced S9.
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SRS O RAIIIEHALIBIS 4 BP-150BER OREI O R DY DRI BT,

EREWRBICES T 32 TRBIEESYIT DI \ﬁ%ﬁfé BMCHEYEIDPAS01AREHR
LPBARYRIDPL502BBER D2EH L EX SN THB Y., PASOIARERIC & - TGl LEh 24125
g BTV, chso=tey Far) =T vHERGOBRYYINTICL B
TEHEALIcBEE T 2RERIE 3 7 0 /' — AIEET BP-4S0BERTH D, TDRHPTH. MCFEE
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T EN, AnesERIC BWTHEA L HEREH W2 ERD, SRR E N2 (Tables 1-6,T)o &
SIABEOHYIL b MeBWT SIER OB, SEKONRME OP-4505 T RO 52
WE S Nizo % 7BHPHHF § 7 0/ — A DP-450BEROFB I 2 F 272\ & & (Table 1-9)
R, ChoO= by 7 VERREERCRY 2EHOBIRIC X - TOHREOBBL L
WETERRS TH BP-1503 FREIC X » Tl b d 15 & LW BIPSERIREIC & - THAE
FEHTEPD BN, RERUHRES N, EEERICRESE 2 I L EOMEEM  RR
LTW3, N-nitrosodiethanolamine®iEtkAbicidalcohol dehydrogenase®BAS%RERT 5
#Es 55080 choo= ey Fuses -7 LV EEEOEIP-150BER OIS
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Fig. 2-1. Metabolic Activation of N-nitrosodialkylamines.
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DEETIRE LT phlenobarbital (PB) 80 mg/kg (ip, 0.9% NaCl)%5HRI; B-

naphthoflavone (BNF) 50 mg/kg (ip, # Y 7#h) %3H[E ;

Table 2-1. Comparison of Rat and Human P-450 Enzymes

isosafrole 100 mg/kg (ip,

Rat P-450 Human P-450
Nebert = Trival Typical Nebert Trival Tybical
et al. 3 name substrates et al. name substrates
1A1 ¢,MC-5  benzo(a)pyrene 1Al (P1, c) benzo(a) pyrene
1A2 d, MC-1 arylamines 1A2 PA, P3,d phenacetin
241 a, UT-F testosterone
242 a2,UT-4 ethoxycoumarin
. 246 2A6 coumarin
2B1 b, PB~4 T-ethoxycoumarin
2B2 e, PB-5
2B6 (2B6, LM2)  7-ethoxycoumarin
2C6 k, PB-2 progesterone
2C7 f
28 (mp-12)
2C9 human-2 tolbutamide
2C10 MP tolbutamide
2C11 h, UT-2 testosterone
2C12 i, F-2
2C13 g, UT-5 progesterone
2D1 dbl, UT-T debrisoquine
2D6 DB, dbl debrisoquine
2E1 i, DM nitrosamines 2E1 j,HL} nitrosamines
3A1 penl testosterone
3A2 pen?, PB-1 nifedipine
3A3 HLp
3A4 NF, penl nifedipine
3A5 pend
3A7 HFLa
4A1 LAl laurate

a) Gene symbol from Nebert et al. 19
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A Y 7M) %3HM ; dexamethasone 50 mg/kg (ip, # Y 7¥H)%4Hf; phenytoin 100
ng/kg (ip, # Y 7H)%4HM ; valproic acid 100 mg/kg (ip, # U 7)) Z4HR ;
isoniazid 100 mg/kg (ip, A Y 7H)%Z4HM; HYIELE7 ==, (PCB. kanechlor
500) 500 mg/kg (ip, A Y 7)) %E1[El, acetone&Tethanoliz FhFN5%(V/V) R T
1% (V/V)KISBoEREDK & LCo RIS A, BlicieR GHBD B bRt FIs e/ -4l
Guengerich™) OHEKIHE > TRBIL . ~80° CIfRAF Lo P-450BERoREaI103) | drizl®) 3
OHEORBI) W L DT> 70 99 FHTNADPE-P-AS0RTRERR U F b 7 0 — Abg
12 % L& N¥asukochi & Mastersl0®) RUAM 5100 pigiic & DB Lz, Table 2-1icA
B THW S » b OFERIP-450B R DIBFIE L Nebert & DiER T HHIC X 3 &It U ic i
RIFRBEICOWT E FP-A50BER &L L TE &7,

NDMA & NDEADP-450ic & 2 ARGRINIEREAL : NDMAENDEAD 5 » FFP-450ic & BiEHE iz @R O
SABAEEHKS. typhimurium TA1535/pSK1002CI378< . T DEic0-acetyltransferaseigfnt%
BALCTHICHTBIL /S, typhimurium NM2009% W /2o Fig. 2-2iCumus X b OFER S
OEPEETR Lo P-450BEROBERIL 12) & Le, RSB T T 7 v/ — 2% 8
HIRBE2 1 g/ml & UTHVWZ, RBIP-450BRZ RV 2 HBERE TR, 1 7nv—a0RbY
{2 nM P-450, 50 nM NADPH-P-450f cB¥% MU1.5 uM L-a-dilauroyl-sn-glycero-3-
phosphocholine (DLPC) ZFHW), F b2 o — Aby DRE ST <720 NDMAXIENDEA 2M& & b
CABSHIRIH R 3 B-galactosidaserEbEEMi11er 10T 3k e 58 - THIE L1co 1
BAL & i AbANc & B mulfEFOFEEi$unit (B-galactosidase activity)/min/ng

protein(Xitnmol P-450) T3 Lizo NDMADE % F LRI ENashl08) Ok X 0T - Foo

NMAMA®@acetylesteraseic & 5 SOSSIL DY : NMAMADacetylesteraselc & 2 7E#E(LiZ0-

acetyltransferase OKIBHETH S S. typhimurium NM200097) 2FW. S. typhimurium
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Assay Method

Incubation mixture (final volume, 1.0 ml)

Liver microsomes ————————— 0.002 mg
or Reconstituted system

P-450 2 pmol

NADPH P-450 reductase —— 0.5 unit

phospholipid ———————- 5 ’E
NADPH-generating system

NADP* 0.125 gmol

glucose-6-phosphate————— 1.25 pumol

G-6-P dehydrogenase ————— 0.25 unit
Potassium phosphate

buffer (pH 7.4) ————- 50 Lmol
Substrate 2 xmol
S. typhimurium NM2009

(0D at 600nm, ~0.3)—-——- 0.75 ml

" Incubate at 37 for 120 min

|

Terminate the reaction in ice-water bath

Measure the B-galactosidase activity and
bacterial cell number (density at 600nm)

Calculation
1000x(OD420—1.75 X 0D550)

B-galactosidase activity =
t x v x 0Dgpg

t: reaction time (min), in this case t=15
v: dilution , in this case v=0.1

Specific gene expression by activated mutagens is:
umu units/min/mg protein or nmol P-450

Fig. 2-2. Assay Method of Activation of N-Nitrosodimethylamine and N- .
Nitrosodiethylamine to Products Genotoxic in Salmonella typhimurium NM2009
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TA1535/pSK1002&S.  typhimurium NM2009& = CHEE L TR~ EHENIIERIGSEE.
BB TEA FiC0.5 nM NMAMA &acetylesterase 0.01 mg/ml & L7zo 2BDORIGDE.
unuEEFOFRER S FiC LR IcTE N

B3W K R

1. NDMAENDEAD 5 » MHF 2 7 v/ — Alc & BiEHAL

NDMA & NDEAZFALEX i3 isoniazidfUE L7 5 » MEF 3 7 2/~ & ENADPHEEAES: & SABAE
BEAETICA YFax—va v L. nuBEFORIEZF o NDMA & NDEARAHIIERL
2SI TOHMGEETREEZFYE L. (Fig 2-2). BEEEII2 sMTHfIICEL, 37

1.0} A . 40 B .

200

umu gene expression (units/min)

umt gene expression (units/min/mg protein)

Microsomal protein (pg) Substrate (mM)

Fig. 2-2. Effects of Concentrations of Microsomal Protein (4) and Substrate (B)
on the Metabolic Activation of NDMA (circles) and NDEA (triangles) by Liver
Microsomes from Untreated Rats (open symbols) and from Rats treated with Isoniazid
(closed symbols). The basic incubation mixture was used (see Materials and
Methods): in A, the substrate concentration was 2 mM; in B, 2 ug of microsomal
protein was used.
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ov— AR g E TIEMLIc LESE Shie Lis L. NEADIEHEIR L 7 v V- ABKE.

WEBT LI 20T, UTOXRBTR, BEREZ2 M. 70V —s8%2ugl L,

F 7-NDMA & NDEADTEMEIZARAE T » P& D bisoniazidlUE S 7 v/ — ADHEBEP - 120

R i ONDMADTEHALOknfEiZ CHh oD I 7 0/ — AIRBWT0.7-0.8 sMTH - 720

B4 OP-450FREHTAE L5 v FMIFY 7 v/ — ADP-450 5B UNDMA & NDEADIEIEAL,

W INDMADERE 2 F MER D7 = Y v7kE{t%ETable 2-21c7R Lizo #P-4505E13PCB. PB.

BNF. isosafroleTai{ AE X 4. ¥ 7zdexamethasone. ethanol. i, phenytoin& ¥

valproic acidick > CTH LB OFEEEN ChoDI 7V —AD5E, NDMOTEEAL

{Xisoniazid. ethanol. acetonefllBRUHERS v MTBW TR M AE XN, F7-PB.

Table 2-2. Cytochrome P-450 Contents and Monooxygenase Activities in Liver

Microsomes of rats?

Treatment P-450 Activation

of rats (nmol/mg (umu units/min/

protein) mg protein)

Aniline
p-hydroxy-
lationb§
(nmol/min/

NDMA NDEA mg protein) mg protein)
Untreated 0.72 139 128 2.00 2.41
PB 1. 46 185 128 2.00 4.7
BNF 1,16 83 39 2.84 4,28
Isosafrole 1.10 94 89 3.26 4.87
PCB 2.07 185 106 4.52 9.25
Dexamethasone 1.01 110 117 2.42 5.85
Isoniazid 0.79 218 161 6. 20 8.56
Ethanol 0. 96 280 183 3.36 6.30
Acetone 0. 86 278 189 4,94 9.94
Starvation 1.03 333 200 4.52 7.04
Phenytoin 0.985 174 150 2.10 3.49
Valproic acid 0.95 67 133 1.89 2.90

a) Bach value represents mean of measurements made with three rats; the standard
deviations were <15 % of the mean values.
b) Monooxygenase activities were determined with 2 mM NDMA (N-demethylation) or 5
mM aniline (p-hydroxylation) with a protein concentration of 0.5 mg protein/ml.
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PCBR:Uphenytoinic & » T bFEH S h/- A5, BNF. isosafrolekUvalproic acid TidihHsds
{EF L7z isoniazid\ ethanol. acetonefMBERUERIC & > CNDEADTEHAL bFEJE S hico
NDMAfE 2 F WL & ani line7KB@{b bisoniazid. ethanol. acetonefUBERUVHMERICL »T
FH /o PCB. isosafroleflUE HNDMANR # F WLIEHZFEHE L. PB. BNF, isosafrole.
PCBR:U'phenytoin daniline7KE LiGH: =58 L 2o

BLe D7 v/~ A0 NS OIEEBOHBEZR T (Table 2-2)0 FFI7 0V —4IC
& ZNDMADIERALIZ. &N ENNDEADTEME(L (r=0. 87) . NDMARE X F V4L (r=0. 69) kT
aniline7KBR{L (r=0. 68) & AHBEMEASRD Shico A I 7 v /'— ADNDMARRE * 7 MLtk &
aniline7KER(k(r=0. 88) DRI & BAFISAHREM:ASERD S o

Table 2-3. Correlations among P450 Contents and the Monooxygenase Activities
in Liver Microsomes of Rats Treated with Various Chemicals

Correlation coefficient (r)

NDMA NDEA NDMA Aniline
N-demethy- p-hydroxy-
activation activation lation lation
P-450 -0.11 -0. 42 0.05 0.30
NDMA activation 0.87 0.69 0.67
NDEA activation 0. 43 0. 40
NDMA N-demethylation 0.88

2. P-450%uik & BHEAIORE

NS OFEGHIDOFERIT. NDMAPE A F M bani line/KBLRIG & EBRiC. NDMA &ENDEAD
TGEHEALRISICIE 5 » FPASOEIBERBSERLBREIERI L TWB I EZRNRLT VWS, COD
CERELIHERETHENT. 5 v FPASOEIBER DR RIUAOE EET 7 (Fig. 2-3)o
5 v FPASOEIGUREBUIMEEMA S &\ isoniazidfERT 3 7 v /'— Aic &k HNDMADTENE
b NDMARK » F LR Traniline KB LiEHE 135G Ese@icliF & o %ME A=V
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TIRPASOZEL I DRABILEE D - oo

P4502E15i4A IXNDEAD i soniazidUB ¥ 7 w /'~ ADIEMAL HPHE L7z (Table 2-8)o LA
L. CODROBEEMERIIZRLES v MT ¥ 7 8/ — A TR, - F2o RIENDEADIEREALIC
PA502ARER ORIS %R S 28505 2 23109 | PASO2ALTAIZKALE § 7 v V'~ ADiEE:
L L TR R B W THEE RIT S b o 120

4-methylpyrazole&diethyldithiocarbamateid 3 v b, Y9 FRUE rDOJFI 2 v/ — A
PAS02E1BER DS MUR ¢ 5 ARG O BRI LSS c 5 5101 110, chsonmme
NDEADTEMALARBRIBIcH 3 B H2B AT~ (Fig. 2-4)o isoniazidiE S » b CIANDMAD
TEPE{L & B A F A bid4-methylpyrazolex Udiethyldithiocarbamatelc SR IcfIE S iz,
ARILE 5 » TR LT, BEEEAROTH S50 T TH - 720

zZ)

I 1 T
B - E k
100 —\O\O - 100K 4 \/ J

100 ' \D/O ]

sof 4 1% sof Ho -

p-Hydroxylation of aniline (

0 1 i 1 i 0 1 1 1 K}
0 25 0 25 0 25 0 25

N-Demethylation of N-nitrosodimethylamine ( )

0 0.2 0. 0.2

umu gene expression of N-nitrosodimethylamine ¢ % )

Anti-P4502E1 (yl serum/ml)

Fig. 2-8. Effects of Anti-P4502E1 on NDMA Activation, NDMA N-Demethylation, and
Aniline p-Hydroxylation by Liver Microsomes from Untreated Rats (A, C,E) and from
Rats Treated with [Isoniazid (B,D,F). The control activities in the absence of
antisera were given in Table 2-2. Incubations were done in the presence of
preimmune sera () or anti-rat PA502E1 sera (@).
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Table 2-4. Effects of Antibodies on the Activation of NDEA by Rat Liver
Microsomes?

Activation of NDEA
(umu units/min/mg protein)

Serum Untreated Isoniazid
rats treated rats
%) %)
None ‘ 175+50  (100) 261156  (100)
Preimmune 180+41  (103) 244+40  ( 94)
Anti P4502A1 195+20 (111) —
Anti P4502E1 129+32 ( 14) 1n+6 ( 2)

ntibodies were added at a concentration of 0.2 x1 serum/ml of incubation mix-
ture. Values represent means of duplicate determinations and S.D. (range).
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0 1o 25 0 10 25 0 100 200 0 100 200
Inhibitor (yM) Inhibitor (pM)

N-Demethylation of N-nitrosodimethylamine ( %)

Fig. 2-4. Effects of 4-Methylpyrazole (O) and Diethyldithiocarbamate (@) on
the Activation of NDMA and NDMA N-Demethylation by Liver Microsomes from
Untreated Rats (4,C) and from Rats Treated with Isoniazid (B,D). The control ac-
tivities in the absence of inhibitors are shown in Table 2-2.
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NDMA & NDEADTEY:A Uii‘]‘ﬂ’ B4 OP-450fER DR E % Table 2-4ITR Lo RUE S »
P T3 SKF-525A Lpiperonyl butoxideld25u MHBIZBWTTHWHEMFAERL 70
isoniazidf 5 » Mic & BNDMADTEHEALIZSKP-526A1 & » CHITONBLE & oS, & D
IZB W T4-nethylpyrazole &diethyldithiocarbamateic & - TNDMADIE (L As95%PEE &
720 NDEAHNDMA & [ElBRIC, FF 3 7 v/ —Alc X BiGHA{biddiethyldithiocarbanateliZ & - T
SEEICHE S /A, 4-nethylpyrazol e DBHEAERIZFEH » 720 |

Table 2-5. Effect of P-450 Inhibitors on the Activation of NDMA and NDEA
by Rat Liver Microsomes

Activation (umu units/min/mg protein)

NDMA NDEA
Inhibitors Control Isoniazid- Control  Isoniazid-
rats treated rats rats treated rats
% %) %) %
None 152 (100) 250 (100) 122 (100) 218 (100)
Metyrapone 135 (1 89) 215 ( 86) - —
a -Naphthof lavone 175 (115) 295 (118) — —
SKF-525A 93 ( 61) 73 ( 29) - —
Piperonyl butoxide 70 ( 46) 143 ( 57) — —
4-Methylpyrazole 99 ( 65) 8 ( 1) 97 (81) 155 (1)
Diethyldithiocarbamate 114 ( 75) 6 ( 2) 56 ( 45) 8 ( 20)

Values represent means of duplicate determinations in the presence of 25 .
1M concentrations of P450 inhibitors.

25555 » FP-450MERIC & BB LOERER

NDMADP4502B1BESR i< & 5 TG LD FEHERR % NADPHEEA: R DALF FNADPH-P-450@ TR &
DLPCEFANTAT = 72 (Fig 2-5)0 FEPEIXMBIPAS02E1BERBITIRTE L Tco IRICREA DREBIP-
45085k 2pmo ] % F\ WV CERERE 1T - 72 (Table  2-5)0 NDMADIEMALIC B TIPA502E1BEEDS

ROHWEEEZRL. 2 3WTP4501A2, P4502BIR UPA501A1ITSH » oo D FFHE
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(P4502A2 3:P4502C11) HNDMADTEHEALZANERE L 7245, PA5S03ABER OIEMIIIER 1D - 720
NDEADIEHEAL HP4502E1 EPASOIAZASERLH ICAIEE L, W TP4502B1. P4502D1 R UFP4501A1
@"E"Cﬁ e f«’.o

T T
0.6 J
=
S
.5’\
& =
aE 0.4F -
XX X
D un
o~
QD e
&S
o~ 0.2} ]
2
g
0 L !
0 2 4

P4502E1  ¢pmol)

Fig. 2-5. Activation of NDMA by a Reconstituted System Containing Rat P4502E1.

Table 2-6. Metabolic Activation of NDMA and NDEA by Reconstituted
Monooxygenase Systems Containing Various Forms of Rat P450

P-450 Activation (umu units/min/nmol P450)
NDMA NDEA
1A1 126 + 39 67 + 19
1A2 182 + 42 128 + 42
242 62 = 13 11 = 6
2B1 140 + 55 83 + 24
2B2 175 £ 43 28 + 10
2C11 91+ 6 17+ 5§
D1 94 + 17 83 + 31
2E1 21T £ 21 156 + 22
3A2 21 + 4 4 + 20

Activation of NDMA and NDEA in the presence of S. typhimurium
NM2009 was determined as described in Methods.
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Table 2-7. Effects of Cytochrome bg (bs) on the Activatgon of NDMA
and NDEA by Reconstituted System Containing Rat P4502E12

Activation of NDMA and NDEA
(umu units/min/nmol P450)

NDMA NDEA
% - (%)
Without by 2T+ 28 - 167 + 19 -
With by (4 nM) 288 + 19 (133) 233 £+ 33 (140)
bg (8 nM) 326 + 31 (151) 265 = 26 (159)

a) Rabbit liver cytochrome bg was added to a reconstituted system
containing 2 nM P4502E1. Value represents mean of triplicate
determinations and S.D.

Levin111) &1 5112) 13NDMA DS # F MERIBIC VT 5 » FPASO2BIBERO EHEER %
F P 7 v—LsbyeMA 5 LiEHOIEERNBS 5N 3 CEEREL TS, ZITNIME
NDEADFHERRTRIC 13 BIEHALICIT B F } 27 o — Aby DRABE T~ 7z (Table 2-6)0 WA
DRI F b7 92— AbgZEMA S C &ick » THEES ER Lo (REHRBBEREE 7D
BP-450 L DENLLHADRETH D | b BEHPT LIEHIRET L

4. NMAMADacetylesteraseliVKAREIC & 5 S0SKI DL

NMAMAIR = b By ST T § VDB URBTIE O b DT F ukamTH n i) |
acetylesteraselC & » THIKDIRENTa-k Fud ki, KItHELTVFL S
TS FedFy FPEL S, = by PTAFNT 3 v OEE(LA0-acetyl transferase®
A L7-HBEKRCRD SN ie DT \MAMAS T X FVES SR I0-acetyl transferaselc
L > TEIREALEN S 5 WO I RERERIET 5725, NMAMAD acetylesteraseic & 3 iEtk
{bEF~Too HBRBEERICI30-acetyl transferase/RiERk T 5S. typhimurium NM2000 & ATt
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Fig. 2-6. Genotoxic Activation of NMAMA by Acetylesterase in S. Typhimurium
nM2009 (O.@®), S. Typhimurium TA1535/pSK1002 (A, A) and S. Typhimurium NM2000 (
0, M. Incubations were carried out in the presence (@, A,H) or absence (O,
AT of 0.01 mg/ml of acetylesterase, and induced umu gene expression was deter—
mined. Data represent the umu units/ml of incubation mixture.

T. TA1535/pSK10025% T'NM2009%% & He#k U 7= (Fig. 2-6)o acetylesterasedEfFfE FCik.

NMAMA i3 VBB ¢ R T IR F5 O SOSSUS R FRE L 728, acetylesterase 0. 01mg% RILER
MA 3 E0FhdEUWERER Lo RVBUWEELBF oh/ Dk, THEEBDNM009EK
THD. DWTTA1535/pSK10028k. NM2000#K DJNET 3 - 7zo pentachlorophenolid0-
acetyltransferase DB ERITH 3113), & OBEESDacetylesterase & RBRBIMIFAF T
DONAMADTERA LIt g 2 B3~ 7= (Fig. 2-T)o S. typhimurium NM2009HEEFHWART
i3, pentachlorophenolZMA % C &ic kv | IEHAKBHAE SN ZTHITXHLT, 0-

acetyl transferase/RigHk (\M20008%) TIINMAMADIEMEDBHEFERIZEED Shiddh - oo
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Fig. 2-T7. Effects of Pentachlorophenol on the Activation of NMAMA by acetyles-
terase in S. Typhimurium NM2009 (@) and in S. Typhimurium NM2000 (O). Control
incubations were done with 0.5 mM NMAMA and 0.01 mg/ml of acetylesterase in the
presence of the tester strains; the activities in the absence of pentachlorophenol
are given in Fig. 2-6.

BAfW B E

SENRRENE= b ey O VAT I ONDMAENDEAORBHIEHALIcBIF 55 » FP-
A50BEROBRENEF oo P-450BERIC & - TR S N7 AEMIODNAREM 257 L { BRR
N7 ABRES. typhimurium NM2009% FIWCTHRH L oo ARBEKILS. typhimurium
TA1535/pSK1002ic0-acetyl transferase;&fETFEEA LCHBls 1SN 0w, Rty v
TIVERP= a7V VEFIOERICERE T 5. SETCIE(OEHO=buy 7 IV
EO)SOS&FL‘,‘\@%%G:OL\'CTA;1535/pSK1002ﬁEXGiNMZOOOEE’&H§L\’C?ﬁ%‘féfL’C%fc:bi\ il

SHRERRRHIENTWED - 7210, ABETo=Fuv 7 I VEOSSRIGORE L 7
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£ FIVESRERIGIED D TRIVRIRERIA L e C &ic & » TR Shico NDMAENDEAD
umuiE #k 1& 2-aminof luoreneFORBUFEKR 7 ¥ VIEE I3V, REHSERR(K®
DYE Fuvo— kOIS LTw3180), = tay 7 VBV LEX SEO
FRED| SR LB, TOEMERRSMCHEVC PG shTn 5114 115) ) g
K. CO& S BRCOBEVERFHEOEED S, ERICRB SN DMK A F M ERIGIZ
ZOLAMOERFHFERICEG LRV SRS 238G b5 355110 | zo—HT. M
D * F MEIENDMADRE A F MLIBEEL TV B & & BB RRahT w3, Lo,
FUER SEEAVERFEOZRFHHRIE= Foy V7 V07 L VEDER(LOTE
KBWCREIERESS 3 C LA L 7,

FLWS.  typhimurium NM2009%KHSNDMA & NDEADVEMEARGEMIC B VSR 2R 4 R3]
HOLILANPATH S0 = +uy 7 I YHONRBERRIR. BYICP-A50BRICL > TT M+
WVELBKBILER, TAFLYTVE Fady FBEERL, 51&EV TR TRIBEOSE
VT V=Y Ak VERCHEENOEAT L66435 1) (ERO A V=Y A4 & ViRIE
BT EA EBMTHEAELERWI), = oy 7 L VEOELI 7 & F MRS
PEIS4 % &0 S HIEIX IR WS, NDMA & NDEAAS0-acetyl transferaseZ BEICRE X B 784
BTHEVSOSRIBE AL T 2BBOD Lo, TAFATT VL Frd v FA0-
acetyltransferaselic & » T7 ¥ F MEEZIT, GtV TTRFAVEELEW, R IKIGHEI
BUYTV =oALty BRANK=Y AL X ERZEEZLSNSB(Fig. 2-8)0 DR
PERIEY B720iT, acetylesterasel & » THERMIVK AR ZEZII Ca-k Fud vfkic
B LS, TAFACT S E Fady FER-T, BAORTERREZRT &85
NTWBEFUELEYMMALY 2 WTRE L7z % DFE. NMAMAIZacetylesteraseic &
- TIEALS . Ve R SEICH LTSOSRIG AR/ L. Hic0-acetyl transferases i35
RHBE /S, typhimurium NM2009BK% VTR & 8D TEWSOSRILDOTEEIR . 0-

acetyltransferase®fHEHpentachlorophenolic & - CTHIS0%FHE X /- (Figs. 2-T.8)0 L
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RN-CHR'-OAc
N=—0

1 [Es]

RN—CH,R' BN-CHR-TOH ,
bIl . W/ — » R-N=N-OH + HCHO

p-yso N0 ) :
[Ac]

[R‘] - [R-N:N"]-<—-———- R-N=N-OAc
-OAc

Fig. 2-8. Postulated Mechanism of Activation of N-Nitrosodialkylamine.
[Ac], O-acetyltransferase;[Es], acetylesterase.
» L. O-acetyltransferase/RIEHKS. typhimurium NM2000ic 35\ VT HNMAMAIZSOSIZIE% 538
L &85, MAMADIEERISICBU T T L+ A D7 7 Fa+ v FOT+F MELIS
ORFEFESBETER V. CORBPHEHEICBWCIR, KEE LD &7 v F VEEBBES
BIEREST. FAVFNSTVE Fudy FORRELOIBET 2 bDEHERIN S,
AT TESNALIFICR~ SR 5. BT SEHEYIENDA ENDEALE 5 » hPASOZEL
BERICK - TS, typhimurium NM2009i23\WCDNAREE | 2 & ¢ REMICIEMALSh B &
EDHBA L7z, BUBDI, THELAYIEIIFY 7 vV —Aic k- Tl LE h, Cho OrERER
5w b %&PA502EMER DOFYHTH Bisoniazid, ethanol. acetoneFx U108 119) ;- x
THEENI NMIBEEF I 7 2 V- Ak k> TIORBRRICBWCNEAL D b E:
b, DI LR, BEDMes,/ I 78— AFR MIBOTHESH TV AR E—3

U117 120) 92 iNDMA &NDBA®i soniazi MRS » MIF $ 7 0/ — Alc & BIEHEALIZ
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-5 v M PA502E1H AN T ic4-methylpyrazole®diethyldithiocarbamateZFDP4502E1 B¥#RHE
Hlick - CRES N/, RUBDF » FTidP4502E1TAE Ch S DFERIC X » THAH
REAESZD Shic I &k, 7 v V'—AthoflioP-45053 T & Ch & OIEHA LRI i
BLO2 L2/ LTWS, BRIC, FERP-450B8R% F\ 2 NDMA ENDEAO R R ic B
WT. PASO2EIBERDSIR & HWEMEER L. ChoDERRF + 2 U—Ab5’5:7]l]z'.5 c&ic
K-> TlREEE NI,

AERRICBIFZ I 70V -4 v BLETEER, T CicliE S hfctnesikic
& BEREHBROLAIL 115 UD ¢ xR TEV. RIGRBHDO I 7 n/—4s v
7 BRUBBREOBHEFZHR TN T2 g/Mm KV sMTH -7 (Fig. 2-2)o FUER
CisoniazidfLE J » MIF 3 7 v /' — A B i} BNDMADIEHALRIERD % >3 OKnfE i3#40. 8
MCE > Tc0 YangD S N—TId 5 » MFL 7 0/ — A B BNMARUNEADBET A % AL,
RIG i3 & 12 115-20 MR P40  MOKmfiE % & OP-450B¥ RS 3 C L2 ME LTV
9,90, U Lidso, BEL 2 2 v/— Al BIERALE BT L4 MURIB CRIS R A SR
85 ENELOND, |

B, 5 v &b FOPAS02ABERNIMADTEME(LIC 13BES LIS WS, NDEADEHE( LIS
¥ 3 LW HRBVL SHOTFED S s 1109120121 U Uizks s, ABFRT
i, NDEADVEHEAbicXE U TP4502A1FUADBHE LIS\ & & (Table 2-4). I HRERRICE
W5 v MPASOAZBER DIEHESER » 12 T & (Table 2-6) 2 5. NDEADIEHALRIG I BT
115 » FPASOIALIURIATRER OB E RIS E AR E Dt

s & LT, ABIFETIE. NDMAENDEAIX S » FAT X 7 = /' — ADP4502E1IT & - CDNAREE
25| & FREMICIE LS h B EENSTEHZET » o AR CHVI I/ —4 5
vy BIGBREOWE LR L THBOTEL, = by Y7007 3 VRIC K 2{LFES
F5ic 13 BPASOLEI MR OEERELHIE Lico C 0¥ LE % SROEBRARE VBRI L
b, = bV 7y VRADIEHRRICER TS 5o $7o. ABIROER. = buy o7 0%
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H3E Hﬁ§%3—methoxy—4-amin6azobenzene0)-‘5 whEb b
Hi% OP-4508% 1 X 57EHAL

BLHE #

=

L OFEWWERIF 7 2V~ 5F } 7 u— AP-450BERIC X » THEM(LE hu, Tt
LRGNNSR 24 D), RENYEORSINER LBV TR TAZIE
RP-45053 FRESME T 3 S EpB ok shTwalt-ld, i, 5 FROE MF
37 0/ — ATIEPAS01AL L1423V D ORI T U VT 3 RFERRRIKFR DR

EEAERT Y = b v €L Y RORNE b W CEB &SR3/ L 510, 16.17) ) ¢
B LRBHS ., BEOHETIR. FEEYE ORBIERALIcBIS § 5P-4505 FREICEERE)
Mk b EORTREESE LN AR bRAESh TS 16718) | b kcidpasosamEs & 1ARE
ROEEUSER SN TV, BITERARYEO T /7 7 VEBRICHHEI N 53-nethoxy-4-
aminoazobenzene (3-MeO-AAB) i3P-450EERIC & » TiEM b h, TEREMAHEST B &H

WESHTOS , HI15 150 52 3-He0-MBAS S » MIF Y 7 2 /' — A DPASOIAZBER 5 iE

Rp O ITHEE T2 EHHELTHD. 3-Me0-AABIZH SFFH U 7145 RIIP-4500 FH&

DOEB LB > TEHILENI B D EELSNT VWS, LLLIEH S, 3-Me0-AABZ X Lo

ELTHD T 3/ 7/ EROEMALICEES T 3P40 TRIIR LA ERFShTE S S,
b P CORRIRE LTIV £ T, 3-Me0-ABOEMALICRES 5 5 » b & & FDP-45043F

FITOWTS. typhimurium TA1535/pSK10027%FHWCSOSBIRFRB EHBEICKRET L 2o
B2 MERRUERSE:

{ES90 : 3-MeO-AABISFIALAZEIRFAERLI I HFREL X v fits s hvico
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B LHAOHE : & FOIFOY P VRIFURERS R ASEE A (-1, BL-2. BL-3.
HL-4. HL-5. HL-6. HL-SM\ HL-ST) SeUSMFURias RELE (HL-17, HL-28) X D87z, E M &
BEFEANE L /25 v FOIF I s 0V — A2 ELERRICHESEIL. 59 P& E FOP-
15053 FREORBIE IS £ 0 -7:10.11,15,100,103,104,122,128)_ ¢ p 25, b
DP-450BFR DA VW TIIFE 2552 ﬁﬁléﬁi L7zo & FDP4501A2!3phenacet infii =
MEEME BB S NAP-150p, TH 512D, & FPASOIELIENDMADH: A F MERIGR
DHEDE  DEATALEWERBT 3P-450;75 5100, & 1P4503ALIENi tedipineBILiE
PRI S N, DNAZ v — Y ORBUC & > T SRR S W P-450y T 5123, 124)
HAA DI 5S-nephenytoin 4" -7KEMLEHEEIGEICHEEIS . PASOyp & B S 7B
FIZBRIHF SN, BEASEDEAT S EBHMONTOEE, B McBWTHE
BENTWBPLS0EEROEIRTF TH 5208, 209, 2010 & OIPTRARMRALBIHE T W
w125, 126) , 2 &, ARV E b OPAS02CRERL IINebert > DMZIEIC X HF. 1B
EPLSOPERES C & & Lo CHODBROBETIER. v FERAO TRERIP-4508FR
OHIMEEET, G ETBIL. P-4505ufk & L7104 123)

3-Me0-AABDFEHEAL : . typhimurium TA1535/pSK1002% EicFiVy, B2 BIHEL T[T -7
TRbb, BEARKMAR. BEBRERETIKS v P XRE MFI /vy - 22 BREBE
0.0img/ml & Lico FHERRRTIR I 7 v/ — 20D 1DI0. 012 M P-450, 0.05M NADPH-P-
AS0BTEER X U'T. 5 uM dilauroylphosphatidylcholine (DLPC) ZF\V/zo 75 SDH
MO &#:127T) (o LT, DLPCA O D IDLPC. dioleoylphosphatidylehol inefz Tk
phosphatidylserine(1:1:1) DY YIFHDOEESYIN0 pgxHV, &S5 a—EBI00ugs 5
v MF b7 v — Abg B RIKIBED. 024 ME LR THOEBRET>70 4 Y2 R—va
Zi10 M 3-MeO-AAB%1203IUS & B 7-1%., 52 L [ARIc B-galactosidaselEiE 2R
i
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% Db DEREFH: : benzo(a) pyrene/KBRLIEM: S UFT-ethoxyresoruf infii = F VLG i
Nebert &Gelboinl28) & t¥Pohl &Fouts!?9) mskicH#e U CHIRE Lizo aninopyrine. aniline.
benzphetamine. NDMA. erythromycin, ethylmorphinefUpentoxyresorufin&®H & L T,

178/ ADE) AF VS —EERERELATN 108129 ke r e s, pFIsE
Y — AT OP-1505) FREDEBIASDS-PAGE/ LD T2 YT uF 4 ¥ ) K& T

ﬁ')f:o

B3 M R

1. 5 v MF Y 7 v /—Alc X 33-Me0-AABDIERE(L

FNER U A OFEHWUE S » MF I 2 0/ — A E3-Me0-AABENADPHEELERIFHE R ic 4
Y¥#a2~_—¥ 3 LTS, typhimurium TA1535/pSK1002ic i) ZDNAREE % B ~galactosidase
IEHEE LCRIE LT FWRA DIF 2 7 v/ — AP0 S BRUREE/ 4+ v ¥ F —
EiEE % HIE L TRHREFAP-1503 FESFRINTVWS & 2R L7 (Table 3-1)o PBi
pentoxyresoruf infii = F VLiEYE. aminopyrineUbenzphetaminelit # F MEiEHE % & i
{ #H L. BNFidbenzo(a)pyrene/KBR{LIEHE & T-ethoxyresoruf inffi = F MbiEH % Wi
dexamethasoneitaminopyrine. erythromycinfUethylmorphineffi # F NALIEME %58 < FHH
Lico BE2EI/RLIc& DT, NDMARR 2 F VALK UanilineZKBMLIEH: 1. isoniazid.
ethanol. acetoneRUMRIC X » THB 1720 phenytoindbenzphetamine & ethylmor-
phinefit # F MLEFE L 1

3-MeO~-AABDRME R UPBIUE S5 v MF L 7 v/ —alc X BiEHLickiT 55 v x o BE
EEREFOREEETig. 3-LUR LT umuBifzFOFERIZ. 7 v/ BH0. 0ng/ml T CHEAN
U G EEIRERO. 02nMEL BT RRn L 7o
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Table 3-1. Cytochrome P-450 Contents and Monooxygenase Activities in Liver Microsomes of Ratsa)

Treatment  P-450  Monooxygenase activity (product nmol/min/mg protein)

of rats (nmol/

mg Benzo{(a)- Ethoxy-  Pentoxy- Benz- Ethyl- Amino~ Erythro- NDMA Aniline

protein) pyrene resorufin resorfin phetamine morphine pyrine mycin
Untreated 0.62 7. 41 27.1 0.065 4.93 4.73 6. 59 0.81 1. 89 4.62
PB 2.19 19.4 59.0 0.325 18. 66 21.0 34.4 5. 50 4,32 5.29
BNF 1.41 32.4 333 0. 056 3.84 3. 47 8.517 0.88 3.44 4.13
Dexamathasone 1.00 9.90 20. 7 0.114 6.78 11.8 24.5 6.02 2.34 1. 82
Isoniazid 1.04 3. 27 20.3 0.048 6.24 5.178 9.08 2.62 4,04 11.9
Ethanol 1.08 5.65 45.1 0.074 5. 50 5.32 9.15 2.73 425 12.8
Actone 1.10 8. 60 35.8 0.119 6.178 5.11 10.9 1.68 4.80 11.2
Starvation 0.85 12.3 .17 0.072 3.52 7.84 11. 2 2. 49 1. 84 8. 43
Phenytoin 1.10 10. 5 60. 2 0. 263 12. 42 11.6 16. 8 2.07 1. 93 3.85
Valproic acid 0.388 10.3 44.4 0.173 9.31 7.84 11.6 2.00 2.517 4.03

a) Each value represents mean of measurecments made with three rats; the standard deviations were <15 % of
the mean values.
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Fig. 3-1. Effects of concentrations of microsomal protein (4) and substrate (B)
on the metabolic activation of 3-Me0-AAB by liver microsomes form untreated male
rats (O) and from male rats treated with PB (@). The basic incubation mixture
was used (see Materials and Methods): in A, the substrate concentration was 0.02
mM; in B, 0.01 mg of microsomal protein was used.

=
[=}
. O
1
1

umt gene expression
(units/min/mg protein)

M F PB BNF DEX INH Et Ac St DPH VPA

Rat liver microsomes

Fig. 3-2. Effects of pretreatment of rats with various P-450 inducers on the meta-
bolic activation of 3-Me0-AAB by liver microsomes. Liver microsomes (0.01 mg)
from untreated male and female rats and from male rats treated with various P-450
inducers were incubated with 0.01 mM 3-Me0-AAB. Results are shown as means of
duplicate determinations from pooled microsomes of 3-6 individual rats. Standard
derivations (for assay) in each value were less than 15 % of means. Abbreviations
used in this figure; M, untreated male rats; F, untreated female rats; DEX,
dexamethasone; [NH, isoniazid; Et, rats treated with ethanol; Ac, rats treated
with acetone; and St, rats starved for 3 days; DPH, phenytoin; VPA, valproic acid.
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Fig. 3-3. Lineweaver-Burk Plots of the Bioactivation of 3-Me0O-AAB by Liver
Microsomes from Untreated Male Rats (O) or from Male Rats Treated with PB (@),
BNF (A), Dexamethasone (A), Isoniazid (M), or Phenytoin ().

3-MeO-AABDIEEA tciiq“é‘Z)P—ﬁOﬁgﬁJ@ﬂﬁ@%Fig. 3-USRLT0o T MFI 72y —
AT K B3-Me0-AABDIEMAL PRSI 58 < B L. IRICBNFASEWEH AR Lo 20D
HEALBIC L > THEERFEI NI FUBTREDHEL D SEMEER L. IFL 2
1= AT X 5 3-Me0-ABOTEMALE Th TN OP-450 58 & DRIICIHIERIRHED St

(r=0. 98, p<0.01)o RAH OkMfEIRE 3 7w /= AIRBOTHE. 34 MTH - 72 (Fig. 3-3)o

2.metyrapone. SKF-525A. a-naphthoflavonexUP-4505i{ADRAE

5 v M 37 v Y — AT & 23-Me0-AMBOTEMA L4 2 P-450BR OLTFI DB % Fig.
3-4ic/R L 720 metyrapone &SKF-525A1%. PB. dexamethasonefzC¥isoniazidflLi& 5 » b OIE
tEfb%2/D> LBAE L7co a-naphthoflavoneldBNFALE 5 » b OiEMAL%E MR FHE L s,
dexamethasoneflU& 7 » F DIEMALE(EE LTe 5 v M/ 0V — 402 DN TFREICX
% 3-MeO-ABOTEMALE T ITHER S 27l 99 £ HIHE L 1488IP- A5 0B R Dtk o
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Fig. 3-4. Effects of Metyrapone (Q), SKF 525-A (A), and a-naphthoflavone (@)
on the Metabolic Activation of 3-Me0-AAB by Liver Microsomes of Untreated Rats
(A) and Rats Treated with PB (B), BNF (C), Dexamethasone (D), or Isoniazid (E).
The control activities in the absence of chemical modifiers were: untreated rats,
167 (umu) units/min/mg protein; PB-treated rats, 380 units/min/mg protein; BNF-
treated rats, 283 units/min/mg protein; dexamethasone-treated rats, 160
units/min/mg protein, and isoniazid-treated rats, 212 units/min/mg protein.
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Fig. 3-5. Effects of Anti-P-450 (IgG) on the Bioactivation of 3-Me0-AAB by Liver
Microsomes of Untreated Male Rats (A) and of Male Rats Treated with PB (B), BNF
(C), Dexamethasone (D), or Isoniazid (E). Levels of uninhibited activities
(without antibodies) are shown in legend to Fig. 3-4. Incubations were done in
the presence of preimmune antibodies ((J) or antibodies raised against rat P4501A1

(@), rat P4501A2 (O). rat P4502B1 (A), human P4503A4 (IM), or human P4502E1 (
A).
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BEF T, BENEATEORRIEV Y 7 0y — sEACTHEOHEBERI L2 &
A\ Hi7 v PPASOIBIUAILRILE, PRALER UisoniazidfUE S » F D&M EHE L?‘:bi‘:
BNFALE 5 v MCREBERIZER P o7, ThIH LT, Hus v FP4501AL R 1A2TufkR
KB OBNFALE 5 » + OIEMALERIE Urchs, PBILE X i3isoniazidu@ 5 » + DIEMAL
iextd 5 HEMERRTEP o foo EARME S » + OTEHAILDPAS02CI1ITUEIC & BREE HHER
Shiz, Fic, ik FP4S03ATLIA DS dexanethasonefLiE 5 v F %, ik FPASO2ELfE DS
isoniazidlUiEJ v r OIEHALEZNENE LT

Table 3-2. Metabolic Activation of 3-Me0-AAB by Reconstituted
Monooxygenase System Containing Various Forms of Rat P-450.

Suggestive nomenclature Purified umu gene expression
according to P-450%) (units/min/nmol P-450)
Nebert et al.
1A1 MC-5 167 + 33
1A2 MC-1 105 = 15
242 UT-4 2T+ 1
2B1 PB-4 144 = 9
2B2 PB-5 133 = 16
2C6 PB-2 59 + 4
2C11 UT-2 3T+ 1
2C12 , F-2 17 + 13
2C13 UT-5 67 + 2
2b1 UT-17 5 + 14
2E1 DM 42 £ 2
3A2 PB-1 36+ 1

UT-1 47 + 4

UT-6 54 + §

+ 4

UT-8 30

3-Me0-AAB metabolizing activity was reconstituted with rat P-450, NADPH-P-450
reductase, and DLPC in the presence of a tester strain S. typhimurium
TA1535/pSK1002, and the induction of umu gene expression was determined as
described in the Materials and methods. Values represent means of duplicate deter-
minations * S.D. (range).

a) Original nomenclature described by Imaoka et al. 108, 127)
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3. 7 v MIERIP-450BERIC X SRR

3-MeO-AABDTEMEALZRERL T » FP-4508%5%. NADPH-P-450:& MR S UDLPC% AW TNADPH
ARG TICHBREIT > 7o 3-Me0-AABEIEE(L L CSOSRIG 2 A H & & 5 icid, P-450
¥ 5% & NADPH-P-450 B CBER DTE PILETH » 720 DLPCEFULIRIE SER L LiEMEIZ#050%
EF Lo 5 v b OISREIEDP-AS0BESEIC & 5 FIIRHA TOI-Me0-AABOIEMAL £ Table 3-2
IZ/R UTco PASOIAL IR EVEMEZ/R L. DWWTP4502B1, P4502B2, PA501A2DIETH - 720

Z DA 1REDP-45083% b T N FHEWIE D S &3-Me0-AABEIEMAL L 720

A b MF3 7 vV — AT X 5 3-Me0-AABDTEHEAL,

b MF 3 7 2V — A $3-Me0-AABETEMAL L CSOSRUGA AT 2B B U745, £
NZNORGBOFBRIICIRERETBR SN (Fig. 3-6)o E MFI 7 n/— A4 D3-
Me0-AABZE (L & 108 DP-450 S B IJAEBEREER S S - 72 (r=0. 91, p<0.01)o CHSDE b
BEADHF 3 7 v/ — Alc & BIEHALOFISHE(55+30 units/min/mg protein) IZFRME D

MERES » b OFIGHE (6640 units/min/mg protein) ICIFAMETSH - 720

Bioactivation of 3-Me0-AAB
(units/min/mg protein)

0 1 1 1
0 0.2 0.4 0.6

P-450 content (nmol/mg protein)

Fig. 3-6. Correlation between Specific P-450 Contents and 3-Me0-AAB Metabolizing
Activities of Liver Microsomes from Individual Human Samples.
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Fig. 8-7. Effects of Anti-P-450 IgG on the Metabolic Activation of 3-Me0-AAB by
Liver Microsomes from Human Sample HL-28 (A) and HL-4 (B). Control activities
vithout antibodies were; HL-28, 87 units/min/mg; and HL-4, 39 units/min/mg. In-
cubations were done in the presence of preimmune antibodies ((J), and of an-
tibodies raised against human P4501A2 (@), human P-450yp (O), human P4502E1  (
A) and human P4503A4 ().

EbMF 72— A HL-28. HL-4)ic & 2 3-Me0-AABDIEMALICXd 2 & FPA501A2.
PA50yp. PAS0ZEI R UPAS0SALHIIADRABATINT: (Fig 3-T)o SH 5 OHEOBRER >
TREEEDRE Eh TV B16719) ) pe50sadRUPIS0EIFiAIRP- 1502 BOR b VY » 7
HL-28 DiEHEA L% 30-40%FHZE L 2o P450Mpﬁf$li<l BIHEIR20% VDS, [gGiiAER %40
mg/nmol P-450 % TR LHA0RDRHESHER S Nco PASVIABER OB SSHERIE WY

TNVAL-EFW S & PAS01A2HEIC X - T3-MeO-AABDIEMALBAE X v lzo

5. £ &S v FOP-450RERE W HIBECRIC BT 5 3-Me0-AMBOIEALIcH 2 I8 B D&
"

b b P-450B%5RIC K 53-MeO-AABDIEMALE 5 » b L [ERIcP-4508#5%, NADPH-P-4508 8%
FRUDLPCE W TR T /2 (Table 3-3)0 b M TIZPAS01A2ASER SENNEMEETR L.
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DWTP450yp. PASOSADIRTSH > 720 DLPCORD D ISEDIFEOREM & 0 — VEREF W
THEBRETY &\ b FPASOSART S » MP4503A2IC & BIEH LA [ S o FElbRIC
B +&F v P DABERTIE, HIL. HEDIEME LT - 7S, PASOIARER CIRIBE2E L CTHIE
PRI LIRS - Feo

Table 3-3. Effect of Lipid Component on the Reconstituted 3-Me0-AAB-metabolizing
Activity in Monooxygenase System Containing Human and Rat P-450s

umu gene expression
(units/min/nmol P-450, %)

Human P-450 Rat P-450

Lipids =~ P4501A2  P4503A4 P-450yp PA501A2  P4503A2 P4502C11

DLPC 104 (100) 24 (100) 31 (100) 105 (100) 33 (100) 36 (100)
Mixture 125 (120) 79 (329) 44 (142) 110 (105) 76 (230) 58 (161)

3-Me0-AAB metabolizing activity was reconstituted with three forms of human P-450
and three forms of rat P-450, NADPH-P-450 reductase, and DLPC or a phospholipid
mixture as described in the Materials and methods. In the experiments with a
phospholipid mixture, rat cytochrome bg (20 pmolg and 100 zg of sodium cholate
were also included as described by Imaoka et al. Values represent means of
duplicate determinations.
6. P-450B¥3RiC & 3 3-Mc0-AABDIEHALIcXd 5 a -Naphthof1avone DiGHEfEAER R
PA503A2 X i3 3A41IT & » ThllE ¥ 1 3 Kt @ -naphthoflavonelc & » TGS (R X 1L
B EBHEShTV3I216.1819) ) v v RUS 5 MFS 2 v — Al X B3-Me0-AABD
IS L IC BiT BPASOSABELE DRENEFER T 572D, ¥ 7 v/~ A LBREKZROEH TH-~ 71
(Fig. 3-8)o a-naphthoflavoneld & MIF I 7 V' — AKUPA503A4 &PA503A2iC & BTEMEAL

ZRUBITIRAE U Too F 7ePAS0p RUPA502C1 I & BIEHAL IEEE L 7o
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Fig.3-8. Effects of a-Naphthoflavone on the Metabolic Activation of 3-Me0-AAB by
Human Liver Microsomes (A), and by Reconstituted Systems Containing Human P-450s
[B, P4503A4 (@) and P-450p (O)], and Rat P-450s [C, P4503A2 (@) and P4502C11 (
(O)]. The control activities in the absence of «-naphthoflavone were 93
units/min/mg protein for liver microsomes and 26 units/min/nmol P-450 for P4503A4-
system, 31 units/min/mmol P-450 for P-450yp-system, 33 units/min/nmol P-450 for
P4503A2-system, and 36 units/min/nmol P-450 for P4502C11-system. The reconstitu—
tion was done with a lipid mixture and cytochrome by as described in Materials and
methods. :
7. 3-Me0-AABDO-acetyltransferaseic & 2 SOSFUGOEAE
FERT 3 VEORBEILERE LTT § 2 EON-KB(L. Fie7 e F AN EL
5 TNB130.131) ) 3-ye0-AABOP-450BERIC & BIEHALRIBIC BT 7 & 7 AETERER
DS EFRB 120, 2 BTHWIHEREMO-acetyl transferase® ABES. typhimurium
NM2009. /RIEHRNM2009%% f2 T TA1535/pSK10028k & He#k L. O-acetyltransferaseDPHEH]
113) pent acholorphenol OEAEAJ~7- (Table 3-4)o 3-MeO-AABIXAF I 7 v /' — AFEEAET
TR, WTHhoHBBEKRICBVTHSOSKIGET EFB I &2 » F20 3-Me0-AABILS.
typhimurium NM2009%FH\)% &TA1535/pSK10028k % W IR & DMBMEDE WEREER LTz

A, NM2000BR CIUIEHEASZE U E TR Lo NM20098%% FiW 3 % Tl pentachlorophenol %
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MA B &ick D, $-MeO-AABDIEMALASHISOSFEE XS Nizo FhicX LT TA1535/pSK1002
BTITADOETTH D . KRISEE(M20008F) TRROMEHOHEERIZE® SHldh - 1,

Table 3-4. Genotoxic Activation of 3-Me0~AAB and Effects of Pentachlorophenol on
3-Me0-AAB Metabolizing Activity in S. Typhimurium NM2009, S. Typhimurium
TA1535/pSK1002 and S. Typhimurium NM2000.

Activation of 3-Me0-AAB
(umu units/min/mg protein)

S. typhimurium S. typhimurium S. typhimurium

NM2009 (%) TA1535/pSK1002 (%) NM2000 (%)
Control 886 (100) 280 (100) 11 (100)
plus pentacholor-
phenol (10 M) 451 (51) 232 (83) 11 (100)

Control incubations were done with 2.5 uM 3-Me0-AAB and 0.005 mg/ml of liver
microsomes from PB-treated rats, and induced umu gene expression was determined.
Value represents mean of triplicate determinations; the standard deviations were
<15 % of the mean values.

BAH BE

DRI FEYIES-Me0-AABD 5 » bRk MF I 7 0 /'— AP-450BERIC & BIEHEALZFE~
720 DNAJE{SHEIRS. typhimurium TA1535/pSK1002iC#51 2SOSSULEIRIEIC Lo £ DT
L7 TS ERORBMIERGER L LTT 2 HONKBHERE £ 5hcn 3180, 181)

DUTIBRRBEERNM S, 3-Me0-AABIZ 5 » PRk + DR L OP-4503FREIC & » TiEHEAL
AR S NB CEDHE SHh LT TR D, (1)3-Me0-ABD S » MiF I 7w/~ A
& BIEHALIZE < OP-450FHAIc & - CTHERES iz (Fig. 3-2)0 (2) 5 v FRU'E FOFE4
OF 3 7 v /' — £ DERP-450 578 & 3-Me0-AABIE A LRE DRI BT ISAHREIRAYS 8 - 2 (Fig. 8-
6)o (3)P-450 DRHEAIZ(EERITH Bnetyrapone, SKF-525A% U a —naphthoflavoneS¥
HE B D IEHBEEA L Flg. $-48)0 () MBOP4S0TROBRLUES $ 7 0/ —
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BEBDIEECHBESA T Fig. 3-48)0 ()REOP-I0ATROBEGHNS 7 2Y/'—
AT & B 3-Me0-AABDIEMEALZFAE L7 (Fig. 3-5, T)o (5)3-MeO-AABDIEHEALIX S v FRUT
b b OFEORERIP-150858 % VW TEBE & 7z (Table 3-2,3)0

7 v MITBOTI-Me0-AABDIEHALICEAS 3 2 X B FREIGLIT D& R A 5. P4501A1,
142, 2B1. 2B2. 2BIRUBALTCH 710 $RDL. BHRRICBV TR OEVIENERLE
Dt. PASOIAIT, SWTPA502BL. BIRTIALTEH D, ENENOSTROBRYIAS, PB
XI3BNFALE T v FIF 3 7 v/ — ADEMALEIE Lo 725 » FPA502E1KR TP4A503A20D
HFE5R. isoniazidRE S v + OFEMEALEPLSEIRBBEE L2 &, ETic
dexamethasonefiE 5 v MF I 7 o/ — A LP4503A2IC X B ERERRIC L B 1EMA(L % o -
naphthoflavone R L. IREOHE B ohfc I &b o E i, L LRES,
4 DHRURYIIP-450FEILE 5 » T OREP-450 28 & 3-Me0-AABDIEHE(L & 25HREM: %
RLICED S, ZOMOFTFROBS SEETEI,

b MF Y 2 2 — AgNT & 3-Me0-AABETEME(L S 553 FREMEEL L £ MFY 272/ —
ATRFELBSTFREDV & DTH HP4503A553-Me0-ABDIEMALICRES 45 & & i3, P4503A4
BRI & 2 HERRIC B 1ML, € TR 7 vV — Ao bichd 2P4503A4 kI
& 3HE, L ERROBOMEMREZ 19 127 132 izt (L hsikir s 5 < L R U a-
naphthoflavoneiZ & 3 ¥ 7 v /'— A L HEERK OWE OEMALOfEEER 2 S HIBH L 72,
PASOpI & S5V E DD MFDEESTFRETH B, E#%ﬁ&??:c:isL\'c3~Meo—AAé7§§P450MP
& - Tl b s n7e & LUTIPASOpITfAS £ MF § 7 & /' — AD3-MeO-ABOTEMALE
FAELC &P 5. 3-MeO-MBDIEMALIKF G T2 D EEX SN 5, PAOABER ORI T
b 2 R OIRESRM: & a -naphthof 1avoneic & B{BECERIDS. PASOSARERIZOEN: LR T
RIZWHS, PASOp It BT b2 S co PASI2CERERIEE DIEERIE I > LTI I3 S
HEBLETH B, b MF I 272V — AT, PA501A2, JEIEERIZHRRED/NE VP-45043
FETH D, L OREUFERT I VEP= brv 7 Y VEHORBHICES T 3 & &M

55



Eﬁﬂ:&%z&z:ﬁm L. Pas01A2Puikic X PHEMEA b E MIF I 7 0V — AHL-4IT K 8-
Me0O-AABODIEHLic B TEED Shtco PAS0EIBEROBES bhilkick 5 3 7 v/ — AJHESE
R oR&hdfs

3-Me0-AABDZ  DP-45053 FREIC &k BIEMALIMMBOERY S bHEX S TH %, LD 5
v MF 3 2 0/ — AR LI BV CKES— B L e S & (Fig. 3-3). & OIEHALRIRG
»BEEORTFREOAICE > THEES W TN EEERBLT WS, 5 v BEHY
P LTHIEROETIRED SN (Fig. 3-1). a-naphthoflavoneDIEAEER &P4503ABEH
DEEEEZSNFig -4 7). LrsP-450bilEEMAIBEES VT &G ERBED
ShRP o7l & (Fig. 3-5,NEZEZE&DEB L. 3-Me0-AMBHE { ORIE I /KBLRIE %
Z3T. 2L UTEBLERER LD/ 5 v ABEHICE 2 TEBEREAIR Vo 6-
nitrochrysene®3-amino-1, 4-dimethyl-5H-pyrido[4, 3-b]indole D&t Lic BT dRIGi
Ly ZBE54 5 B—oP-450BRORER S hTE 5710 | CoBARBRORES R
DOERD XV bBEFICH AT BB OB EEX 5N 5,

HUI S 50) 1, BERIEHE & Sl LEMRET D 5. 3-He0-ABRS S » HIFOREIRIIH DRI
PASOIA2DF/EHITH 5 & LR FE LTV 5, IERLEYRI L » THES O BERR. £
DLAYE S EHROCRE L THACHHE S8 2 b0 L I EL SN TERIS 1, 5
MeO-AABASFAEHEZHDP4501A2I L CIBIAV P-4503 FREIC & » Tl L a B C L i3E
BRIV HUH S OFHER TR, 3-Me0-AABIX. PBXUIMCAUES » FFI 7wV — Atk -
TRE#E . H—EEEREMER N -hydroxy-3-Me0-AABICE# S 1 3 &SRS NT
W3 (GRREE) o AREICBVTSH, 3-Me0-AABIZ0-acetyltransferaseBAKIC BTSS0S
RIGOFRYAEEEICHE S, 7 OE WG LIZ0-acetyl transferasefl EHic X D MHI &
N3 EBHEH L (Table 3-4)o TNSHDI LD 5. 3-Me0-AABIZFE % DP-450BERIC K -
TREEHALEZ ONIKRRILE &R D, Y VER SEBNTT v F MEEBBERIC K > T
HICEH LS hTWB C EBRR A M, COBEEEILBVTEZ S FILERFETFIE
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FICIEHALE TS & LRSI & DL BVTEE b < F LERETFHS

 OP-450BERIC & » TR I N A FRIPRIEL B - TL %, BEE cicfhor I v 7/ E
ROV TSSO BERRIINTWED-7:10), cOZ &S, 3-Me0-MBORIG
L LTIk, AV MIDA MV ABR, 7129 AT VA ARMOTFICERES U
MEZLELS ., EEEOR VR CHRRNIRIGEZIT B § 5 bl EEREE%:
R7:LTWB bOLIEENG, L LERS. CORBIoOLWTI, Bltbh-TE5T,
P-450FF5Ric & B S B WIZREE DI LAYMIORBIC B 2 53 TALEN IS ER L IR
Bicdic, 5% IOEERBMELRRT sHRBBETH 5,
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B4E HBEEZREYBfurylfuranided® S v b & & P OP4501ARERIC &
BATEHAL

RN

ll

Furylfuramide(Fig. 4-1)i3. HARBOTI64ED S1914FEE TREMOEN TRER
e LTERENTORD, WO ORER THVWERRFRZR G C LBHESNTHE
PRI E 275960 Lin LIS, in vivoOEERTR. 5 » by 79 R, 1 XKUY
NVTORBREERIC B W Cluryl furanide B ARBEEME TRV LBRENTVS
133-135) , furylturanideSERRICTBIERTod LESRS Bicik, BRBMIRHIESLE
ThH 5N, YRR & 3 COLAYOHRE M uryl furanide DAEYREIEIC K & 8
5% 3 b0 EHRIEN B,

Furylfuranide2 S8 = b v 7 5 YFEUARRSIIICRITEN T, BERPS v v7 ititg
BET RSN, W OPrOERRTERFMZRI T2 CEPRESINTWS
136-138) ) Murthy &Najarial39) ifurylfuramide® 5 » FF9, 000g HiBES &4 ¥+ 2
Ny a VTR EERFEMET TS C EERLTWS, COMRIR= b 5 vk
R LA RGNS I & - TEVFRICRNERE SIS B e 2RI L TV 5,
£ T, furylfuranide?ss » b & & FOIF 3 7 v /'— AP-45088%IC & » TRRALAICRIEL
EhaaEeEIc >V Tunu 7 X FEFWTRET L7

Fig. 4-1. Structure of Furylfuramide
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H2H MEROEERGE
L&Y : furylfuramideldFoLsiEED SEEA LT,

B2 9/~ A0FBIEP-A50REEDRSE! : £ FOY » SIS EHFTESR S (HL-99) 20
A W2, 3EEERICE FRUSprague-DavleyF v MFI 7 0V —A%BIL s T b
DP4501AL. 1A 2BIBEROREIT e U10. 140) | 4 - o S5t SP-4504 R
B2/ TNTHOP-L0ERRUBRIESOMEIRE 2. 3 EEFERICT - 20

2-Amino-3, 4-dimethylimidazo[4; 5-flquinoline (MelQ) DIRMIEHE(L : MelQDIEHALIZE
3 B8 2 HiD3-Me0-AABDIBA & [FIBRICITA N S. typhimurium TA1535/pSK10023t7% Fic e

BREZ0.010M, 7 > €7 BIZP-450 & L T10pmol 4B OIF 3 7 v /' — AW TH» 2o

Furylfuramide®ff 3 7 & v/ — Alc & 2ARBANEHAL : 100 nMY VBRA U & 2428k (o
T.4)+ 0.01-0.05 nmol P-4504HY4BODIF I 7 =/ — A, 0.02 nmol  furylfuramidez Of
NADPHEEAESR % W RIEVER (0. 25 m1) 2FEI L7, 37 “CTRIGH. 100 * CoTKiAth T4}
ML 720 furylfuramideRURBEMOunuEETF OFEEI0. 15 nl ORBEEENA T
IR EFRET - 7o |
RHEMZHPLCTHTT &1, 5 nlOSIGERE Lico umuslER%1T 5> Z@&MOR
HREE. fCHEYIORZOBIMCIET 50 TREREE NP CERE T, BEY
7 AHBETT, 50-100 M furylfuramide® V. RUGEILICIX2AEROCH,Cl ZMA £
AV 2SR DCH,Cly TN L7z LT ORR. KBICRRERE > TR Vb -
oo BREZGDY. ERICTERTIP CRRESEE Ulco BRAECH0H(50 1 1) IR

&, —#%Zorbax octadecylsilyl(C-18)% 5 A (6.2x80 mm, Mac-Mod) iCEA L7z # 5
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A3 22%CHgOH/KIA IR THHL S BieD B, 13 LODSSFIABERMREEAL T, 5-35531ch
WTCHg0H 22252 5100% % TEARRIBEEARL L L7co HAREMIL. Hewlett-Packard 1040A%
4 & — F7 LA SEEERT (200-550nm) ZEB & 8, 037ERIR L 70

B3 & R

1. k MiF3 2 v /— Ajc & Bfuryl furamide DAGEREAL
Furylfuramide ZiFKANC MBI i3 2D F Dk MF ¥ 2 v /'— A (HL-5) ENADPHIEAE

TiA v+ an—va rUi, 3T "CTEIRHRICE §7:4%, 100 “CT2MHImMEL . KiE

B CE Lo furylfuranide& Z ORBYI BRI DNABEHEZS. typhinurium

TA1535/pSK1002 % VTR~ Feo Fig. 4-217R L7k T, furylfuramide DDNATE{EME IR

@
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Fig. 4-2. Effect of Incubation Time on the Deactivation of Furylfuramide by Human
Liver Microsomes (sample HL-5). Boiled microsomes (A) or intact microsomes (A,
12.5 pmol of cytochrome P-450; @, 25 pmol; O, 50 pmol) were incubated with 20
pmol of furylfuramide in the presence of am NADPH-generating system. After in-
cubating at 387 "C for a suitable periods of time, the reaction was terminated by
boiling at 100 °C or 2 min. The genotoxic activity of furylfuramide and its meta-
bolites was determined as described in Materials and methods.
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RISBHIR O B § 7 2/~ AOP-AS0RERNE & 312 LA > T MbLTo TH
X LT, MEIB LIfF Y 7 v /' — A2 INA TR v+ ax—va ¥ LT hiuryl-
furamide DIEMEIZEAL L 18 - 7o

Furylfuramide®ff $ 7 v/ — Az k ?aziiﬁﬁ{tliis#f B2 OEERE LP-A50B KB O
BX 2508%Fig 4-3ITiRUTco furylfuramide H SHIREBE IRE L CunuE 2R
ERIH, F17 0V -k aREEZ 2 L2 DIEEMET U (Fig. 4-34), ANl
HULIFI 7 eV — s 3BT COREERE Ofuryl furanide DIEHE ISR RIX & 72
ot RLEDOE M7 0V —AlCL > Ty WTFHOREREICBWT bAIEE/LS

BH oI (Fig. 4-3B)o

1000

Furylfuramide-induced
umu gene expression (units)
Furylfuramide-induced
umu gene expression (units)

1}
4] 0.020 0.040 0 0.025 0.050

Furylfuramide (nmnol) Microsomal P-450 (nmol)

Fig. 4-3. Effects of Concentrations of Furylfuramide (A) and Cytochrome P-450 (B)
on the Deactivation of Furylfuramide by Human Liver Microsomes (sample HL-5). The
experimental conditions see legend to Fig. 4-1. In panel A, boiled microsomes (A
) or intact microsomes (A, 12.5 pmol of P-450; @, 25 pmol of P-450; and O, 50
pmol of P-450) were included in the reaction mixture. In panel B, different con-
centrations of furylfuramide (O and @, 40 pmol; A and A, 30 pmol; [] and BB,
20 pmol; and {#] and BA, 10 pmol of furylfuramide) were used. Open symbols, with
boiled microsomes; closed symbols, with intact microsomes.

61



2. P-4S0RSEIH SR ORAR

CNSDFEERDP S furylfuranidelIRNEHEREYI~NER S W CSOSRIGOFEBET L T
WB3HDEELONS, IF I 7 v/ —aick Bfuryl furanide DEFRAIANEI LIRS %
B ohicd 7, P-AS0BERDIERI OB LT oo EREERXIL80%—BLIRK IE
BT BE, b MFL v Y — ALk BREMIHES NI S ED S, T ORINTIIP-450
MR DRSS H/RR S 7z (Table 4-1)0 & Si. a-naphthoflavone SAEMEAL&FHE L 728,

metyrapone R USSKF-525A1XFER L 38 » 720

Table 4-1. Effects of Carbon Monoxide, a-Naphthoflavone, Metyrapone, and SKF-5254
on Cytochrome P-450-catalyzed Deactivation of Furylfuramide by Human Liver
Microsomes '

Furylfuramide-induced genotoxicity
(umu gene expression)

units %
Boiled microsomes : 574 + 98 (100)
Intact microsomes 7% + 14 13
under nitrogen 538 + 101 94
under C0:09 (8:2,v/v) 482 + 101 84
plus a-naphthoflavone 531 = 92 94
plus metyrapone 9% + 9 17
plus SKF-5254 100 £ 34 17

Furylfuramide (20 pmol) was incubated either with boiled microsomes or intact
microsomes (20 pmol of cytochrome P-450) from human liver (sample HL-5). When in-
dicated, a-naphthoflavone, metyrapone, and SKF-525A were present at final con-
centrations of 12.5 uM. After incubation at 37 “C for 60 min, the mixture was
cooled in an ice-water bath, and then the genotoxic activity of the furylfuramide
and its metabolites was determined in S. typhimurium TA1535/pSK1002 as described
in Materials and methods. Each value represents the mean of duplicate determina-
tions + S.D. (range). No decrease in genotoxicity was seen in the absence of the
NADPH-generating system.  «a-Naphthoflavone did not exert a direct effect on the
genotoxic expression and, in other experiments, has been shown to stimulate or in-
hibit certain cytochrome P-450-mediated reactions. '
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Table 4-2. Effects of Pretreatment of Rats with PB, MC, and Dexamethasone on Liver
Microsomal Deactivation of Furylfuramide in Rats

Furylfuramide-induced genotoxicity
(umu gene expression)

units %

Boiled microsomes
Untreated rats 616 + 79 (100)

Intact microsomes
Untreated rats 542 = 59 88
PB-treated rats 572 £ 101 ' 93
MC-treated rats , 134 =+ 18 22
plus a-naphthoflavone 606 = 85 98
Dexamethasone-treated rats 448 + 178 73

Furylfuramide (20 pmol) was first incubated either with boiled microsomes or in-
tact microsomes (30 pmol of P-450) from variously pretreated rats. For other
details see the legend to Fig. 4-2.

5w MF I 7 vV —Aic Xk Bfurylfuranide O RiEME(LICH 4 3 P-4508 8 H 0 B
Table 4-2IT/RL 720 MCUEIX S » MIF X 2 0/ — ALK BNEMIL RSB Lo & FIF 2
s7ay—sL0BE&EFERRIC, furylfuranideOMCALE 5 » b ic X 2 RiEMALIZ o -
naphthoflavoneiZ & » TEHFICPHE S /oo PBkUdexanethasonefUil U 7238 & DRI 5H

ECREDP T

3. P-450BER DR

U EO#SRIZ. MCFHEMP-4508EE D tury ] furanideDIF 3 7 v /'— Alc X B EMALICE
593l LERMRLTWS, Hich2d 28T, E PRUS » MFI /ey —Alk?
furylfuramide D RG2S » b P-450RERI RV ADRE AT~/ (Table 3-3)o
MCRLE 5 » MF X 7 =2/ — ADRIEALITH LTIt MO TRE(P4501A1. PA501A2) D
MDA RAE L 7oA, PASOZBITUAIRMERI LIdh o7z B MFY 2 mv— il T
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Table 4-3. Effects of Antibodies against Rat Cytochrome P-450 Enzymes on the
Deactivation of Furylfuramide in Human and Rat Liver Microsomes

Furylfuramide~induced genotoxicity
(umu gene expression)

Rat microsomes Human microsomes

units % units %
Boiled microsomes 608 + 20 (100) 570 + 56  (100)
Intact microsomes 164 = 15 27 116 £ 22 20
plus preimmune 175 £ 22 29 141 £ 32 25
plus anti-P4502B1 196 = 19 32 153 £ 29 27
plus anti-P4501A1 444 + 19 73 197 = 5% 35
plus anti-P4501A2 401 = 32 66 410 £ 48 72

Liver microsomes (30 pmol of P-450 from MC-treated rats or 20 pmol of P-450 from
human sample HL-5) were first incubated with anti-P-450 IgG (0.4 mg of protein) at
25 °C for 15 min. Deactivation of furylfuramide by liver microsomal cytochrome P-
450 was determined as described in Methods. Values represent means of duplicate
determinations * S.D. (range).

3. PASOIAZPUIADS S » b L[EIBRICPHE L7248, PASOIAIBUAIRIZEA EFFRI LIS o 72,

E MFIiBWTIR. 5 FPAS01A2ICXTENS 5 & FP4501A2 (phenacetinfiii = F AVBESRE.
P450p,) it £ FP4501A1 (arylhydrocarbonZkKBRfLBER. P1-450) kD B HBILTWB I &
s T 318, furylfuranide ORIERAbIC & MTPASOLAZBERDSBES T 3 & L % T
N3, FHvicb FTRGEOBERIEHOHBIZERET Lo Fig 4-AITIRLIcK DI, furyl-
furanideDAGEMALIE T » FP4501A2 & BILFNITRING %2 5 e/ BE X CHBAL 7.
(r=0.99)0 TRIEDI Dy vresBiZ, E FFPAS0IA2IC K » TS N B C &I ST
312, 18) Mol Qo {RaRHaTEHEA L (r=0. 89) BUethoxyresoruf inffi = F MALRIE(r=0. 96) DRic
b B ISAHRERAR AR S, ¥k MIFY 7 vV~ Ak B furylfuranide D RNIEHEAL
i3k FPASOIAZIUAIC & - THBEFICHEI N/ L b (Fig. 4-5) LidoiEREXRFL T
%o
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Fig. 4-4. Correlation between Amounts of Immunoreactive Protein Related to Rat
P4501A2 versus the Activities of (A) Furylfuramide Deactivation, (B) Metabolic
MelQ Activation or (C) Ethoxyresorufin O-deethylation in Liver Microsomes from
Seven Different Human Samples. In panel A, the furylfuramide-deactivating activity
was expressed as percent decrease in genotoxic responses as compared to the ac-
tivity of boiled microsomes.
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Fig. 4-5. Immunoinhibition of the Microsomal Inactivation of Furylfuramide.
Furylfuramide was incubated with NADPH-fortified human liver microsomes (sample
HL-99) in the general manner described under Materials and Methods in the presence
of the indicated amounts of rabbit anti-human P4501A2 IgG (@) or preimmune IgG
(O). The results are plotted as inactivation of furylfuramide, with the 100%
value corresponding to 21% decrease in the genotoxic activity.

Furylfuramide DANEMALIC BT BP-450B £ DRI % & SICHER T 2 1 H i, FEIP-450
B . NADPH-P-450RSTEER R UIEE .2 AW THERR CORN T o120 BV &iT,
NADPH-P-450:8 el H B 45furyl furamide DAEMA LG5 58 < fill U 72729 (Table 4-4).

P-450 3 FREDBEIDIZI TE R - 72,
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Table 4-4. Inactivation of Furylfuramide by NADPH-cytochrome P-450 Reductase in
Reconstituted System

Furylfuramide-induced genotoxicity
(units)

Boiled system 606 = 68 (100)
NADPH-P-450 reductase 11+ 9 (29

Furylfuramide (0.02 nmol) was incubated with a system containing 0.01 uM of
NADPH-P-450 reductase and DLPC. Values represent means of duplicate determina-
tions £ S.D. (range).
4. Furyl furanidefR@0 5347

FurylfuramideiZ L » It RH S W CEOEYIER %R > 720 Fig. 4-6iciRRBYID 7 o
T 75 AD—PPER L7 (230mOBIUC & B) o BERIEFET CRNIE A, HREME
E— 7 biTi3DRO E— 7 IR UeHIRAE L T\ o NADPH-P-450: 8 TBEEIEE T Ti3, BEIR
FERICHRL. 215 TORIEST > T ERMIZIE &L A LRI & N2 H - 72 (NADPH-P-450
BB e CCORICT B V-7 aRMEERE S ). E MRSy MFY 7 mv—a
ZRVSE, ¥—7a, ¢, dRUeSRHXNBEEDIR & A EBRBENMBE LT,

17 vV — AL BREMORANIM-FIER < b VEFig 4-TICR L1 S DR
PIREIE s TORVS, BEOERMaREFERBYITH 5 O THICERERT 120 45K
WadD 2= b ZBH S hicturylfuranide (b) ERE 70T, KIGEEORINZ <2 kA
EEERIEL (Cary 210, "—2 54 VHHEE— F), <27 b VO—F%Fig. 4-81R L
BSRIEEE T TR, furylfuranideD 2R P VOZALIZEBH SN oTze LH LIS,
FEOBOE PRI T v MFI 7 v /=46 L I3y FIFNADPH-P-450 B TRER £ A
BLARY PNVREBIRIODBREE S OE—7alkk B b LTzs X <7 P LOBLD SHFL
WEEVIDOBSHREETFRILU o & MIFS 7 2/ — LA N icfury furamideiBEEAS60 u MD
BA. 350pnol M)/ min/pmol P-450 LHEFE & vz, NADPHENADHICE &8 % &, FIL X
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Fig. 4-6. HPLC of Furylfuramide Products Formed by Microsomal Enzymes. The peaks
labeled with small letters are discussed in the text and some of the UV spectra
are shown in Fig. 4-7. All incubations were carried out for 10 min in the
presence of NADPH-generating system in 5 ml of 0.1 M potassium phosphate buffer
(pH 7.7) at 37 "C. In each case 40% of the CHyCl, extract was chromatographed,
and the full absorbance scale (230 nm) was 0.15. The individual chromatograms
vere derived from incubations with (A) NADPH only, (B) purified rabbit liver
NADPH-cytochrome P-450 reductase (0.8 nmol), or (C) human liver microsomes (sample
HL99, 2.0 nmol cytochrome P-450).

67



250 300 350 400 450 500 550
Wavelength, nm

Fig. 4-71. UV-visible Spectra of Metabolites of Furylfuramide Formed by Human
liver Microsomes. The spectra of several of the peaks eluted in part C of Fig. 4-
6 were recorded using a diode array detector: peak a (——, tg 8.9 min, full ab-
sorbance scale 0.27); peak b (...., tp 13.0 min, full absorbance scale 0. 18); peak
¢ (——, tg 21.2 min, full absorbance scale 0.052); peak e (_._._._, tp 27.5 min,

full absorbance scale 0.17) (absorbance scales are normalized for display).

RJ PAVEBR SN BS, RICHEE INADPHDIBE DRISKIC T ERXh - foo v U FhF
NADPH-P-450:2cBER % W /&2, 1900 pmolZERk¥/min/nmol reductase &HERE S +i7zo
HPLCOEER, E—7a, bOAA 30T % 2 Wb e DT, ¥—7aDfi)
ERARY FVGHTICE » TRDF(A15mOBRic k 3)o CORKETTEMFI I w v“é N
(HL-99) ® ¥ — 7 a3 #F:#E13230nmo] /min/nmol P-450TdH ¥ . NADPH-P-450 B el¥kIcC &
B ERE 13790 pmol/min/pmol reductase EHEE iz, Fig. 4-6BicBWT, E¥—7Zald
HRR LT & 5ICNADPH-P-450BTeBERIC & » TARRS TV B D LHEE SN B,

NADPH-P-4508 iR DS ' — 7 a2 BITIC & » THERRT 5 T LR Wiz DT, BT
HERBT b Y Y AKX OE CERMISTE 2RI W TN, FRBRick W, A
FoORMEEFE#EF P Y 9 Aldfuryl furanideZ 103 DINICIER X 8 7205, Eﬁ%ﬁf“ig. 4-6
DEHET, #7 LRBEESNTIAEHL . AREEBRORATRRNSR Shio
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Fig. 4-8. Conversion of Furylfuramide. to Metabolite a. Furylfuramide (60 M in
0.1 M potassium phosphate buffer, pH 7.7) was incubated at 37 "C in the absence
(part A) and presence (part B) of 38 nM rabbit liver NADPH-cytochrome P-450 reduc—
tase with an NADPH-generating system present in both cases. The absorbance scale
was 0-0.2 and spectra were recorded every 100s.

BAE BE

AHRICBOTIR= b e 7 5 VFE&furyl furanidedS t FRTS » + OP-4508EERIC L 3
BRALAIRER IC & » THEWIEHBZ(LT 20 EBL 2T 0 DTIcRRBEEL S, £ b
P4501A20G K ITMCE B S » FP4S01AI KR TP 1A248furyl furanide®S. typhimurium

TA1535/pSK1002 i B CumiEETF 2 RH L IS ORI A S 3 C EBHE S ER o 120
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11T, furylfuramideid. & FRU'S » MF 3 7w/ — Ak » T, RIDEFRG, ZHEREE
R UP-450BERBICIRE L T, HFRMICRERba v, 82K, e PRUF» MFI =
/= ADTuryl furanide RIERA LRSI —BR LRFER U a -naphthof lavoneic & » THAE S 1
7-B8. metyrapone & SKF-525AICI3fAE S NEd »70 FE3 T, T v MMCAEREIP-L50BER D
PEBE FETy FOIFI 7 0/ — Atk BRNERLEHE L 2o & 5iT b FPAS01AZITE
e MF 3 7 v/ —adfuryl furanide ONER/LESEFICHE Lo BB, b b TR{ESD
DOEIHCERITRD-PA501A28 A3 tury ] furanide DAEMALIEM: & L CHHBHL 70 S DS ¥
B3 MIFY 70/ —ARBWTE FP-450 121K » TRIBES © B C &SR T
ZMelQDRBITIELABT IC ethoxyresoruf inffix F MRS 18) & & BiF 75 AHBIRAIR b
Hoteo B, & FPASOIA2IRV K D OFEMMIE, §73D 5, MelQ. 2-amino-3-methyl-
imidazo[4, 5-f]quinoline, 2-amino-3, 8-di-methylimidazo[4, 5-f]quinoline. $-amino-1-
methyl-5H-pyrido[4, 3-blindole. 2-amino-6-methyldipyrido[1, 2-a:3", 2" -d]imidazole.
2-aminodipyridol1, 2-a:3', 2’ -d]imidazole. 2-aminoanthracene. 2-acetylaminofluorene.
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