it =8 REATHERA

L7 LR R BN AV RY)

Z B E R

=

fig i

EEREE L ERREERERaRIMmABE
AR E%‘E{té%EAmeS test M ML RIAR B ERY o k
asai { 1080 ) "Ei4e i T AR EERTHIEIQL &9
s T 1L PCBE B2 BT WAk B RIS LFA TR —
BITAOSE A WA B Z @M (L & - IQULAET = B
T £ 35 4 B W R B 2T 8 U DNA S B ( unscheduled DNA
synthesis ) © R E Y BEFI DNASL RS - TREAW
FEHT » QI BPRETEE RITE N BRI MEIE - 858
e i B T AREES | HE A FRIBAE » B A M
B ORRRRG 0 B R RITR BRI R AR T AR
FERFEEERE ( Hatch ot al., 1983 )7 RUILTHEHE R
W Erse R TE A R NR B LD REAREREDOTSEE
EGEEZRE
AT R

B ARTQME L & 7E Ames test LB TR EMI TS
0 E RS B ith i R S M B s 2 AV IR R
2 o R AE TR E A KR A i il o LM AR R R Y
Wy EE o .

T THRIQLSWHEANEE 2R REEIT
G A TR ~ T A o A B i o e e SR A AR
TEALIQIL &Y » SR R B R R B R B AR
S L ERE S o MBI NR B M RIDNATHEE R K5
LA A EEE L BT M DNA adduct?EIQIL &Y

Bumid sl AR EEAWRR » ERLREREE

HEETZE R - Hakmik o

ERREEANBREYH A BEEN—

| BB R AT R AT

pid

IQ¥EL & P FL AR MR (F 51T

IQKEAL & #7E Ames test_E 3 #2281 A SR U B B 28
85600 B 10804F DL B BV e » 8 0B AR M FR X T 7L
SRR AR S B A R R T PR A T
%7 o Holme { 1988 ) *& L RIQHAIMeIQFE 2D ' K42 BT Fn Fif
SRR EEEY - ABIQRBIEIEEY B
R ASE (L A ety - NIL IR AU SR R EE
1 BT B 40 B 7E AR BHE ALIQEN MeIQER ] 7E B R AU B B
TA Q8EyErzei > SEBRMFiz. 1 AEETERAERER
% o AT SHDNAG KN E R L » MeIQRETHER
HJUDSINFig. 2R « % BlAlkaline elutioni 5 H Al E
TQUE AL & ¥ VoI IRDN AR B B4 » BFig. 3HBIRE
TMeIQEIQE DNAIIRE &K - B AEPCBHHENZ
LT TS b B VR o H1 R i PRR 0 MNNGR 2T 4
Mg AL b AES | I DNARE -

Fig. 1

nnnnnnn

PLATE

nnnnnn

AMTS FER

GOHCENTRATION 1

Concentration dependence of 1Q and MelQ induced
mutations in Satmenetht rphimvrion with hepatoeyle aetiva-
tion. 2 b after plating 1.5% 0% hepatocyles isulated from
antreated or  PClhpretrented ety were co-culiured with
Saimgrelin iyphimurivm TAYR tor 1 s us <leseribred in Materials
and Methods. Values nre menns+ S0 (barsy of 3 separale
experiments.
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CONCENTRATION {m}

Concentration dependence of [ and MelQ induced
unscheduled DINA synthesis in monolayer culires of hepato-
cyles. Monolayers of hepatoeyies isolated Irom untreated or
PCB-peetreated eals were exposed 1o various conventrations of
1Q and MeTQ in Hank's-Hepes buffer. After o 3h exposure
perivd, the hepatoeyies were changed back 1o ardinary cell
cullure medium containing hiydroxyurea and 13-TdR. Ineor-
poration of 7-TdR inte nuclesr DNA was measured afier a
toinl incubition lime of 20 h. Cytooxicity was deiermined by
LIJE Jeukage 20 b ufier plating. Values are means £ SID {burs)
of 3 separate experiments,
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Studies of 1Q and Mel induced DNA damage in isolatad hepatocyles and V79 cells mensured by nikaline ehition, BNA
dnn:n;c of hepatogyles fram PCB-preticaled rats incubated ax cell suspensions, wos mensured nfter exposure to (he lest substance
(1074 M 1G/MelQ: 0.3 mbs MNNUJ for 3 b, Monolnyers of ¥19 eells co-cultured with or without PCB-preteeated vat hepatocytes
were exposcd (o Lhe tonl subsianee (0.5 mM 1Q/MelQ: 0.3 mM MNNU; 3 mM MM} Tor 2 b, The doaip shwwn nre from
redlesentative crperiments.
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TABLE 1
EFFECT OF I1Q. MelQQ ANID CYCLOFIIOSPHAMIDE
[CPA) ON INDUCTION OF SCEs IN V79 CELLS
INCUBATED WITH OR WITIHGUT RAT BEPATOCYTLES

Tes| substance Number of SCLEs per chranosome

tnh) Withont With
hepatveyies hepatocyles

DAISO 0.30 .28

19 100 .10 0.37

MelQ oo 0.30 047

cra 200 0.6 5.0

Chinese hamsier Y79 cells, incubared with or without DCB-
pretreated rat hepatoeytes, were exposed to test substanee for 2
hoand then further incubated for 30 1 Values are means of af
least MH) scored ¢hromosomes from | Expt, (fer mean + 5.D.
see Tublke 2.

TABLE 2

CONCENTRATION-DEPENDENT INDUCTION O 8CE
¥ VI CELLS COCULTURLID WITH RAT NUEPATO-

CYTES
Test substange Number of 5C1x
(M) per chromeszome
DME0 0.29+0,03
13} 50 0454012

1o 0.53£0.14

Soir Q70017
MelQ 50 0.3 £0.02

160 Q.41 00k

A0y L6R LO10

Chinese hamsier V79 cells incubated with PCY-pretrented rit
lhepulocyies were exposed 1 test substance for 2 h and then
further incubated for 30 b Volues are means £ 5D of 3 sep-
arale Expls,
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TABLE 3

EFFECTS OF 1Q AND MelG ON TUE FREQUENCY OF
6 TG" MUTANTS IN CHINESE HAMSTER V79 CELLS
CO-CULTURLD WITH PCRU'RETRLEATLED RAT
HEPATOUYTES

Test substance 6 TG mutunts per 10° cells
(M) Gph | Lapl 3 Exprd Lpr 4
DMSO <{L7 22 4.3 15
10 100 s - X 74
250 - - 4.9 6
o0 - 4.7 - -
MclQ 10 14 - 2.6 s
150 - - 50 0.7
hlEY] 4.6 34 - LAY
DMBA 7 - - - R
MNNU 100 7.6 - 0.2 -

V79 cells voeincubated with PCH-pretreated eal hepatoeyies
for 24 1 and processed according te Jenssen et all (1984), 500
uM 1G/MelQ gave n 50-80% reduction of plating efficiency.




TABLE 4

Evaluation of IQ and MelQx for chromosome abemations in
human lymphocytes

pgfrl eulture 1Q MelQx
+59 +59
Gops  Breaks  Other  Gaps  Breaks  Other
0 1.5 1.5 [ 2.5 2.0 Q
04 2.0 2.0 [} 2.0 1.0 0
0.8 1.0 3.5 0.5 1.5 1.0 0
50 1.5 1.3 1.0 1.5 25 0
230 1.5 2.0 0.5 1.0 L5 0.5
500 1.0 3.5 0 2.0 0.5 0
100.0 1.5 1.0 1.5 1.5 1.0 0
250.0 3.5 3.0 Q 15 L5 0
500.0 0.5 4.0 0.5 20 0.5 0.5
1000.0 3.0 2.0 0 15 2.0 0.5

Endoxan 30 pg 2.0 13.0 12.0 25 23.0 13.5

The values reprasent the number of metaphases with at least one gap. or
one break or one other aberration (e.g. translocation) per 100 metaphases.
The mean of two times 100 metsphases is given, Statistica) evaluations were
<arricd out and overall standard errors of the mean were 0.30 for I1Q, 0.23
for MeIQx and (.34 for DIFCO when the sum including all types of
abemations were considered. Results given in the tables with the presence of
-89 only, A few selected high doses for IQ and MelQx were also tested
without 59. The total number of gaps, breaks and other aberrations were
4.0 or 4.5 for 1000 pg/mi, 5.0 or 3.5 for 500 pg/ml 2nd 4.5 or 6.5 for
-250 pgiml culzare for 1Q and MelQx respectively (I = 4.0 and MelQx =
4.5 for negative controls).

For I and MelQx the solvent control (0 xg/ml culture} consisted of 0.3 ml
Hy0/S ml culture.

For DIFCO beef extract (basic frection) mg equivalens {(mgE) of the *fresh’
product are given. ¢ mgE/ml culture coresponds 1o 9.3 ml DMSO 25%
{solvent control),
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TABLE 5
Evaluation of IQ and MelQx for SCE in human lymphocytes in

cultare
pg/ml culture 1Q MelQx
SCi/cell & SEM SCE/cel]l + SEM
-59 450 +59 +59
‘ First expenment
0 54£03 45+02 52402 5402
0.1 50403 46+03 6204 7205
02 52£03 55x03 6403 66=04
04 50403 52402 6804 73x035
0.6 58203 6003 62203 82x04
0.8 5203 51£03 6004 7.7=x04
Thiotepa 0.3 pg 13.6 + 0.5 176 £ 1.2
Endozan 2.5 pg 127 = 06 155 % 0.7
Second expenment
¢ 46202 47 202 42202 46202
25 5402 106 %05 50202 6606
50 47+ 02 100 =04 54 +03 6504
75 56x03 11705 55x03 7.1£03
100 5103 114406 58 +03 6603
250 5.7 % 0.3 - 60 % 03 -
Thiotepa 0.3 pg 123 = 04 15.5 = 0.5
Endoxan 2.5 pg 105 = 0.4 174 = 10

‘Fhe values of the first experiment represent the mean number of SCE per
30 cells & SEM. Each compound was tested in double culture hence 2 X
30 metaphases were d both in the p (+59) and the absence
(—89) of liver enzyme metabolizing system. For the second experiment (iQ
and MelIQx) 2 x 40 ph were eval d in double cull and
vesults were expressed as for experiment 1.

For the negative controls the respective solvents were added to the cultures:
0.1 ml HyO for IQ, 0.3 ml H,O for MelQx and 0.2 ml 25% DMSO for
DIFCO. For 250 pg of MelQx and I} (+59) evaluation was not possible
due 10 a cytotoxic effest,

TABLE 6
Staristical signiﬁcancé values
P values for SCE
Concenmration Linear trend
versus conteol
i 0.1-0.8 gg/ml -S89 0.919 0.439
- +59 0.001 0.006*
25-250 pgfml —5% 0.105 0.061
+59 0.000 0000
MelQx 0.1-0.8 gg/ml —59 0.005 0.307
+59 0.000 0.000*
25-250 pg/ml —S9 0.000 0.000*
+59 0.000 0,000
DIFCO 5-200
gE/ml ~5¢ 0.048 0.000
+59 0.000 0.000*

*Results were significantly different to the solvent control and also gave a
significant linear trend.

W Borderline case.

Values P < 0.05 were considered as signifi 0.000 indi high
-statistical significance. The swaristical evalvations were carried out on
mansformed data (Poisson distribution). Two tests were carried cut using a
one-way analysis of variance. One to compare the reatment group to the
solvent control and the other 1o calculate the linear trend. Since the three
test substances did not significently induce CA, no statistical values were
given for CA.
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TABLE 7
Effect of PCP and 2,6-DCNP on [ mutagenicity towards §.

vphimiriiom TA98 in the presence of isolated ral hepatocyles

Addition Number of revertants per plale
{minus spontancous revertants)

DMS0 876 = 82

PCP + DMSOQ 413 = 617

2,6-DCNP + DMSO 648 = 117

Activation of MeIQx by liver microsomes from untreated, PB-,

3-MC- or PCB-treated rats

Mutagenicity
(revfmg protein)

Treatrment

N-Hydroxylation
(amolimg protein/10 min)

Salmunella/hepatocyte assays were performed in the absence or presence of
PCP or 2.6-DCNP (10 gM) added in DMSO {20 ). Pre-incubution with
hepatocytes (1.0 X 16" was for 2 h at 37°C with 10 ng 1Q. Resulis are
the mean = SEM for five hepatocyte preparations each analysed in
duplicate, Where indicated ("} the valuc s significantly different (7 < 0.01:
unpaired f-est) from control incubations (sddition of DMSO alone). At these
concentrations cf inhibitars, no toxicity ta Sulmonella or hepatiyies was
abserved. The spentaneous Teversion rate was <30 colonies/plate
threughout.
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Mutagerticity of [Q towards S. nphimurium TASS (5, ¢ and
TA98/1,8DNP; (B} following a 2-h pre-incubution assay using hepatocytes
from cantrol rats (71, M) and Aroclor 1254-induced rats {O). Resulis are
shown s the mean number of revertanis x SEM for six hepaiocyte
preparalions except in the case of Artoclor-induced preparations {mean of
two). The number af hepatocytes used per incubation was 1.0 X 108,

#

10

Experiment {
Untreated male* 20000 = 2100 0.15 = 0.04
PB-treated male 32000 £ 3400 028 = 0.02
3-MC-eated male 186000 = 23 000 1.73 £ 0.04
PCB-treated male 414 000 = 65 000 3.00 = 0.21
Expenymeit 2
Unrreated
Male 15600 £ 1450
Fernale 7860 = 1110
PCB-ueated
Male 297 400 = 21 200
Female 285 400 = 34 200

Values given are mean = SD.
15ix animals were used for each group.
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TABLE 9

Effect of different inhibitors on the microsomal activation of
MelIQx by hepatic microsomes from PCB- or 3-MC-treated rats

Inhibitor Concentration Mutagenic activity

M) (rev/ug protein)

PCB-treated 3-MC-treated

Nene . 348 (100pb 106.0 {100)
Flavone 50 7@ 6.8 {6.3)
7.8-Benzoflavone 10 198  (56.8) n.d=c

50 n.g. 252 (23.5)
Ellipticine 0.5 9% (27.3) 27.8 (26)
Meryrapone 200 172 49.9) 68.0 (63.5)
SKF-525A 200 185 (53) 58.8 (5%

2The experiments were performed in duplicate and the mean value is
presented. This experiment was repeated at least twice using hepatic
micresomes obtained from different rais and no appreciable difference was
observed between the two experiments.

bNumbers in parentheses are the relative activity.

n.d., not determined,

TABLE 10

Requirement for reconstinution of the activating system

System Mutagenic activity
{rev X 10~%/nmol P-450)

Complet 684.5" (100)®
Minus P-438-H 20.5 2.9
Mines reductase 10.2 (1.5}
Minus lipid 6.0 (52.8)

The complete system included P-488-H, NADPH-cytochrome P-450
reductase and lipid in the reaction mixture as shown in Materials and
methods,

4Values are means of duplicate determinations.

bNumbers in parentheses are activities {%) relative 1o the omplete system.

TABLE 11

Mutagenic activation of 1Q and MelQx by different forms of
purified cytochrome P-450 preparations

Farm Mutagenic activity

{rev X 10~3/nmol P-350)

Q MelQx
P-H8-H 1723 (100)° 472 (100)
P-488-L 116.5 (6.7) 141 (29.8)
P.450b 19.7 (1.1} 74 (1.5)
P-450e 228 (1.3 154 (3.3
P-450-male 236 (13.6) 49 [10.4)

*Values presented are the means of duplicate detenminations and consistent
results were obizined in two separate experiments. The experimental details
are described in Materials and methods.

Numbers in parentheses are the aclivities (%) relative to the complete
system,
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oxaline » 2-acetyl-aminc-3,8-dimethylimidazo { 4,5-f ]

quinoxaline®]2-aminoc-8-methylimidazo (4,5-f ) quinox-
alineiS S EH I E MM EEE MR/ EG o FiiTuresky
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Voume of urine/plate {ul)

Mutagenicity of urine from rats treated i.v. with IQ (50

mg/kg body wi.) in four Ames tester strains in the presence of

$9 mix, Values are actual plaie counts without subtraction of

spontaneous revertants, that were 43 +11 for TA98, 141:+4 for

. TA190, 941 for TAL537, and 2541 for TA1535 (see text).
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Kinetics of urinary mutagen excretion. Left ordinate
refers to assays done with 59 mix. Right ordinate rcfers to
assays without addition of 89,

HETR » A HEE 5 04 A 4 th BB AR I TQHE i 25 2- amino-3,6-
dihydro-3-methyl-7H- ( 4,5-f ] quinoline-7-one * MelQx
HRE T - & /) B mixed - function AL B8 1F & 7
Rt ESE - EERBRMNEMRETET

& BRI R RIS R TR RIS L IQBUA B B o Bhin
Q8 » MelQuitt T Sulfamate R R T EHIR AR -
B LATE 3 AN R » MelQx Sulfamate/2 = BEHYAGH1D
o F—1{EkE & RIE » N-glucuronidationtl R RS ¥ ¥
BHEERM TR R R A o FUN3K
MelQxfL B W REBIELALE R » FEH RS
Vi 1 B340 2 HE TR TIT 7R3 855 o PR DAL E 30 7T A MelQx B 7
=/ R SR L AR KEETEINE
{k » Sulfationfliglucuronidation » {HEMelQx A& EEN-
hydroxylaminei W hydroxamic acid ° F A MelQxTE /D
R kT B8 e TR (R TR I AR — D BT SEE o

I LA T e AT R R RIS L LA  BEBEREA
IR A B R B 2 I Carman (1988 )
¥ 32 18 4 th EubacteriumBd & 1 Bt M IQIR A i S APl
{bHEE » B L fiE 52 - amino-3,6-dihydro-3-methyl-TH-
imidazo { 4,5-f ] quinoline-7-one ( HOIQ ) » #NFig. 16
B o THIEES e, 1TEAEESHEL @ BB
BB o QTR RAEE - BREREEAE
HEREETM A ARG ZER  AEEERET IR

Fig. 14
NH,
=
tH,C N = +N—CH,
o
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MelQx

NH,

N::<
H,C. N 2 N CH, HOH,C N 2 N CH.
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T T

N N
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NH50.2
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N

H,C N—CH,
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H OH
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H
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N‘_-—< N_’__—< H 0 OH

H,C\ENﬁN—CH’ H
3
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HOH,.C NﬁN“CH:
s
\E\
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6

Proposed structures of melabolites of MelQx. {1, 3) The primary metabolite which was conjugated with glucuronic acid (1) or acetylated (3), (2)
N-(8-hydroxymethyl-3-methylimidazo[4,5-/lquinoxalin-2-yDsulfamic acid, (4) A°-(8-1-glucosidurony|)-2-amine-3.8-dimethylimidazo[4,5-flquinoxaline,
(5) N-(3.8-dimethylimidazo[4,5-f}quinoxalin-2-yDsulfamic acid and (6) 2-amino-B-hydroxymethyl-3-methylimiduzo[4.3-Jquinoxatine.
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TABLE 12 MTQE H B IQH B R EME R K o E & RIER T i hmsa b

i 500 MHe 'H-NMR spectral parameters for the five metubolites of %E%E"]’ﬁzﬁﬁ ﬁ'ﬁ ﬁﬁz , &ta{zgﬁIQT B@;ﬁ{g%.t& s {E.IEI%?E

MelQx isofated from bile {values are the chenical shiflt in p.p.m, from

e — — o I A AR B 2 B B R B EIHOIQ

T FEAEM » T AR i AT B AR R R SRV b » EBIEAIR
O T h i e o B R I A 3 G MY 0 BB L 0 YE BB HOIQMN T S

I N=CHy 1.60 3.67 3.70 1K 338 i
c,-H 749 7808 794 .00 732 18 N, . M 2

L Ca-n = 7900 - 7750 Tasb a7 % ? BRI H B — R o

; Cy—-H g.6! 8.91 .84 B.66 8.51 877 ,

. COCH, - - 250 - - - Fig. 16 NH, HH,
1 this mewbolite the 8- CHj has been convened 1o a hydroxy methylene N= \ FECES N'_<
group which accounts for the large chemical shift relative 1o that of the —cH —CH
ather metaboliles. o CH, e - 2
hSignaIs that appeared as deublets, S = 8,5 Hz.

N EUBACTERIUM SPR 5
" iFig. 15 2-AMINO-+-METHYL-3H~ 3-AMINO-3.6-DIHYDRO-3~
20000 BILE IMIDAZO 5-F]QUINOLINE METHYL-TH-MIDAZO[.5-F]
R I Q) QUMNOLINE-7-ONE
> : (HOIQ)
m
§ Metabolism of 1Q 10 HOIQ by feces and pure cultures of Eubacterium spp.
£
]
i
~ .
E' Flg. 17 2000 r
x
o—a

2 *—o 10+ 50

'—; 1500 a—24 HOIO {notural) 1

;- D—0 HoIO (mmsatie}

@ »

= so00 /

£ )

g =

5 500 f E/é

& Py

L]
o 50 100 150 200 250

Nonograms/plate

Mutagenicity of iQ and syothetic and natural (bacteri-
ally produced) HOIQ on TASS Ench value represents the
average of duplicale plates at each duse in three separate
assays. |spontancous reverlants/plate = 24-27).

[P Ri i
IQf# I DNA adduct

HFIQIANINTIF 5 U2 i B 2282 Olamoto ( 1981)
“BRNG - MREEEIQE AR EREEN-bydroxy-1Q »
4R 1% [BE 7T Y amazoef Synderwine i HEER » SAkN-OH-
- ' IQ ( 1983 » 1987 ) * o Synderwine ( 1988 ) "X HH#—HH
- BN-OH-IQEE AN EZ B R EE o gBRH

: ‘ #N-acetoxy-1Q » 72K F #f B fUN-acetyl transferaselfy

e e Ve Tl o WAl B BIN-OH - TQ7E pHT . OF & FUDNA S B 4%
Minutes & BEETNIEE RY0-acetyl transferase ( FHPLHEN )

HPLC analysis of mewbolites isolated from bile, urine and feces HE— B 1E{L B N-acetoxy - IQTE BB DNAK IS & 7EMH o 1k

from rats dosed intragastricatly with [2-"*CIMelQx {20 mg/kg body weight).

A linear gradient containing 0.1 M ammonium acetale {pH 7.6) containing % ﬁﬁ %*ﬂ DNAH"] %{Eﬁ*ﬁ _-E'L{/Eﬁﬁ IEli: ﬁﬁ_’. %ﬁ;u E/‘] fl?_E ﬁlﬁ\ E

5% methanol (o 100% methanol over 6 min a1 2 flow rate of 2 ml/min

was used for purification. One-minute fractions were collected and measured % EF”FE'E%’E%E‘JEE%&% o Eﬁﬁ:ﬁiﬁ’{l%%ﬁ%%ﬂ E.%H;E

for radioactiviry.

A e DNAFFN-OH-IQHIN -acetoxy-1QFE £ R IE » (HEEME
m

TARLI 13 Disposition of metabolites of MclQx (values are expressed as a perceniage of administered dose determiined by liquid scintillation counting of HPLC

4 Ven

peaks)

Metubolite MelQx

t 2 3 4 3 6
Urine 59 & 1.8 - - 52+ 1.3 50 = 3.6 20 =02 141 = 10.5
Feees® - 1.5 £0.5 0.9 = 0.8 — 184 = 02 20 =02 2.9 % 03
Bile 38 0.6 10.8 0.6 5.4 - 03

7.5 0.6 22.4 0.2 7.8 - 0.2

Three rats were dosed orally with MelQx (20 mg/kg body weight) and urinary and fecal metabolite estimalcs were made afler collection of excreta for 72 h.
Bile estimates were obiained from two Tais dosed orally a1 20 mgfkg body weight and bile was collecied for 24 h. Recovery of the dose in bile was 25 and
43% of 1he dose.

IEstimales of fecal metabolites are bused on soluble radioactivity. The method of extruction recovered 39 &+ 8% of the radiouctivity in feces.
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DNA adduct{fy 2% 3 A 4 B #hi bk B 2 » Synderwine 7F
10884F0 A Bl I b 88 & % 5 & B HN- ( deoxyguanosine-
8yl ) -1Q » ifi H YIHPLCSY Bt HN-OH-IQ#IN-acetoxy-1Q
FIEEDNA adduct e Table 4MFSRBRE-BERLER
FIN-OH-1QWIRFESES] » #FF Apoly G=DNAZpoly A>
poly C=poly Ue HIMAEBE N ERERENIES64
2 » REE6%HIN-OH-IQE HEDNAEH ( ZEEBHF
Y HZAMEE 1% GEDNABERIE o HEN-0H-1Q
Hdpoly CHlpoly UNIES RIES&RINABEBREMHE
o E—HERESHCH)-0H-1Q# deoxyguancsine
FIEE R IT— BB AR I IE » S DIHPLC B B i
JR ¥ {Ereteniion time36~374 B MNFig. 18R F
—{H AN S TELO— 20568 LBl » EREH S
TR deoxyguanosinefilacetylatediTHEY] o 1°36~3THYEUH
e RIEMIEUY ~ MS ~ NMREISFFig. 2~ SPRUV. A
maxZ250.4 ~ 293, 51342, 5nm + 43 F B A463.4 » INMR
B = & FIN-Methyl groupfl #H7 & B & ¥ Chemical
shift » ERRNEERRIESEELIQNBEREREFL - H4
LS NS THREEEE LEH (H-1"~ 3 -
4~ 5 ~§ ) o A H BH:-guanyl resonance X ¥ ~8.0
ppmpE ELE 5 3 S RIQUILIEM MO R T 45 & » JEERN-
( deoxyguanosine-8-yi ) -1@ » & # HZIQ 1 R B3 &
N-OH-IQ*DN—Acetoxy—IQE%ﬂﬁDNA%é?ﬁf’]ﬁﬂ’ﬂDNA
adduct » EREBARESHERKIEER MM -
( Fig. 19~20) '

5 3 Negishi ( 1989 ) 5 5 B8 A MelQx & Rl /4y IR
DNAFNEFBEDNAK & < 55 & FF BRI LAY
MeTQxREHI BB PLOHIAL S BT 2- hydroxy -amino-
3.8-dimethylimidazal 4,5-f) quinoxaline( N~OH-MelQx)
o A AE BUA T & BofIN-OH-MelQuite 7 — R FI M B 5
o EMETE pHEYE + OCHREE » FRINES R BT 47 AR #EN-OH-
MeIQxFIDNAYR &I 104% o BE R EHRIMN-OH-
MeTGx B Mel Qi el Bk RY B2 SR P - 450 BT RE - RiHE

TABLE 14
Binding of [*H]N-hydroxy-1Q to DNA and polynuclectides in the
presence and absence of acetic anhydride®

Acetic anhydride pmel bound/mg®

Polyguanylic acid - 70.3 = 10.8
+ 2747 = 9.1
Polyadenylic acid - 16.3 = 2.3
+ 28.1 = 2.1
Polycytidylic acid - 10.5 = 0.1
+ 9.7 £ 09
Polyuridylic acid - 33z 1.2
+ 8.6 =05
DNA {pH 7.00 - 58:8 = 2.4
+ ML = 2135
DNA (pH 5.0 - 65.7 = 2.0

. As described in Materials and methods, the reaction mixture contained
DMNA or polynucleotides in 70 mM Sorenson's phosphate buffer. pH 7.0,
{"H]&-nydroxy-IQ and, where indicated. acelic anhydnde. [*Hi-Hydroxy-
I was alse reacted with DNA in 70 mM Sorenson's phesphate bulffer, pH
5.0

byalues are the mean + standard error of Iwo experiments run in duplicale

1
— % 7.0k ( Acetylated ) TiFIFF BEDNA#S & o HTable
15A] 411 » 2E3 G BEBRBFAFTE I AR B FN-OH-MelQx B /N
W IR DNARIII SR I N ERRDNAN S TR G £ R
(AR EREEFER » EEDNARRR/N g FDNAK
HEOTIREAE » EN-OH-MelQxFl12’ -deoxyguanine S &
R DNA adduet ©
N-OH-MelQx7E#2 & Soi& 1L T #LBE5 [ #ETA98 150000
rev,/ g+ BTAI00H] 2960rev.,/ ng » MiFig. 21~ 2287
T o BB ZE M M FE B PCPINE] - (B R R HE B DCNPH ]
» 9 A Salfl Cytosolic fraction Bl i i N-OH-MelQx /N
EHIE R B o
7z » N-OH-MelQx2 1B H T B B R P-44875 (L 1k »
FIDNARS & 7 35 ok B 2 i - & #FpHT. 08 3 42DNA
adduet * TiN-OH-trp-p-2H] #EpH5.0 » fN-OH-Glu-P-1
HI B #E— ML B DNAK & o INABREE
H1R L BN -OH - MeIQxAN DNARYHE & 71 © MiMelQxHy &
B (LA N -acety-MelQx AT (BB L B F A K
e+ TR 1 O-acetylation N -OH- Mel Qx i 2 4 &

Fig: 18 0.10
€ a6 0 NAGG-3-YL1-10
o
D
o~
w
2
£ oosh 1
o
[
: h
m N-OH-IQ
it 1
o . I An N, —t
5 10 15 20 25 30 B 40
MINUTES

HPLC profile of crude synthetic N-(deoxyguancsin-8-yl)-IQ. The reaction mixture for M-(deoxyguanosin-8-y1)-1G synihesis was analyzed on a
Supelcosil Cz anatylical column (LC-18-8, 25 cm X 4.6 mm, 5-pm particle size) after pantial purification with a CI8 Se¢p-Pack, The solvent system was
methanolfagueous 0.05 M KH,PO, (degassed) set at a flow rate of 2 ml/min. Solvent programming was & linear methanal gradient from 1w 4% by 5 min.
to 12% by 10 min, isocratic from 10 to 15 min, from 12% 1o 50% by 30 min, and to 100% by 40 min post-injeciion. .
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200-MHz proton NMR, spectrum of N-(deoxyguanosin-8-y1)-1Q, ~50 g in 0.5 m! DMSO-d,. Chemical shift values = & §.80 {dd, H-7"), B.68
(brd, H-9"), 7.88 (d, H-4"), 7.74 (brd, H-57), 7.57 (dd, H-8"), 6.55 {t, H-17}, 4.50 (br, H-3"), 3.36 (br, H4"), 3.70 and 3.60 (or, 2H-5"), 3.77 p.p.m.
(s, CHyN-3"). Signals marked () are¢ exchangenble with D;C and correspond ta the NH and OH protons. The two H-2" protons are ebscured by the large
solven! signal in the 2.0-2.8 p.p.m. region. Coupling constants: Jy s = 0.0 Hz, Jy g = 43 Hz, Jig = LI Hz Jyy = 8.3 Hz, Jy 9 = 0.6 Hz. [nser:
NMR of adduet in 0.5 ml DMSO-dg and 50 p! D,0. Mote: in addition to exchange of protons on heleroatoms, there is apparently a solvent ¢ffect on the
chemical shift of the H-9" proton. The smal} sharp promn-cxchangeahle signal at 9.85 p.p.m. was not assigned.

1 8 T # M2-N-acetoxyamino-3.8-dimethyl-imidazo [
4,5-f ] quinoxaline ( N-Acetoxy-MelQx ) - ¥£2& B I k&
Cytosol fractionZ 8 &% B % e # {Lacetylation » A il
arylamine N-acetyl iransferase > N-hydroxy arylanine
~ O-acetyltransferase Flarylhychoxyamie acid N,O-
acyl-transferage » B IEN-OH-MelGxfiE T Acetylationt®
Eﬁi FramIEDNAEE S o 5 4 Sulictransferase flaminoacyl-
t-RNA synthetaseﬁEiﬁ“ﬁf’E‘”ﬁN—hydroxylated amine °*
#l4n2-acetylamincfluorene ~ 4-aminoguinolinefi Trp-P-2
N-OH-MelQxRETERE BR T F ZE SR AEAEARRE T Flpoly
GiELy » 2k FDNase-I#lalkaline phosphatase3 i + Hk
B LIHPLC S B o BRI B %2 -deoxyguanose adduct

» ol A B T 3 LAY S B DN AR guanine 2 £ BE 4k 18
R o [RIARIUHE BB B A Trp-P-2FIGlu-P-1 » 117
B C-88 guanine adduct ©
N-acetoxy-Glu—P-1%G1u-P—1H"]ﬁJﬁEE?§ﬁ§§§%§Eﬁ
SR KDNAR JE o £HRTEG-C Clusterfy[E L » #
HN7EPBR322 DNAKELEEIR T & R IE » iE sl R mN-
acetoxy-Glu-P- 1885 A ( intercalation } FDNAM » N-
OH-MelQxit 4 BT RS ¢ - & B E 8 B #poly
G DNAFER] » B Fpoly ( G-C ) WA ST TR RN
IIEDNAZ R » A R7EBHDNANIER L MIREER
4 i\%ﬁﬁ:\'N-OH—MeIQxﬂ]EE"Jacetylatedﬂ?iﬁ?ﬁ)\DNAB’\]
L EEEBNTERER - #F—FHEINE - QR
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¥E IR S M1 o thNegishi ¢ 1980 ) W% B 86 0 HH M1 R
1 2 N-OH-MelQx BEDNA T i adduci#tintercalation iy i
gHK -

At PCPHE M) MeIQx B 2 24 4 5 R » W AIN-OH-
MelQx3E B — 55 B O -acetyliransferaseli{b » BITHTA
084 EERG (L WL FERESE » ENTEHEREREPCPINE - FrLliE
B AR e MelQx I HE (L IR EE © {BEETrp-P-2
B A gE# PCPIN & o 3% 51 N-hydroxylation 2 FER IR
Bt S RNELLRE  TRRFEMERREB
esterificationZF B8 » BB FHPCPE AR HIRE «

X
TABLE 15
BINDING OF N-OH-MeiQx TO HOMOPOLYMERS OR
RIBONUCLEIC ACID IN THE PRESENCE OR ABSENCE
OF ACETIC ANIIYDRIDE

With
acetic nnhydride
{nmale/mg polymer)

Without
neetic nnhydride
(nmole/mg polymer)

poly G A3 £0.22 25 2045
poly C 0.07+0.02 0.48 £0.07
poly A 002.£0.01 0.2440.01
poiy U 0.0210.01 0.2440.03

A

Fig. 21

4
%
= 3
o
E
3 2
B
z
K]
t !
:

o} 25 30 75 100

N-OH-MelQx {na/plare)
Mulagenicity of N-OH-MelQx to Salmonella typhi-
muriven TAYB.
Fig. 22
»
B
i
a
fol
i
200 3G 400

wovelength {nm)

uy spcuir:a of synihetic N-OH-MelQx (a) nnd peak 1
{b) in 40 naM potassium phosphale buffer, pH 2.

#
FEEE

P DL BIST s » TQAL & 4 i e 2L 48 i i R e A U3

R > BB B EMEIDNA adduct 5 B

16
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T TR LA i R e TR M R - N EDNABRTRAE
8 B e R LA ML s TR R R o

0 IO BRI R EE 1S B R i i IR PR h
4+ HEp00% BITT SER BEPN R B AR A BB A Y
R P B e R AR B A - EBHAMWEEARNT
B 70T MM S 7 Cytochrome-P-450M% H SR B HETE {L 1L
1k &4 - B Jo# HN-hydroxylation * S5 8 Acetylation
s BB 1% 3 7T Conjugation » BE B BEE LS
%%N-OH—IQ_EEN-OH-MeIQXUB{N-Acetoxy-MeIQx% »
T Fi & O -SulfatefllO-acyl Conjugationth I BE
s AR BIRIMeI QI AT FLAERR HH ) -

3. 1QMR T B AT B SR SRRt A » BREB ARG E
i A B A B+ Bl RlEubacterium spp. B A IQEIE &
HOIQ * ERE—BHEBRREY » RibarERAKER
HIRE G © .

4.Synderwine ( 1988) B Se 4y B4k AL T 5E N -OH-1QF
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