Genotoxicity and Mutagenicity of Heterocyclic
Amines in the Salmonella/Hepatocyte System
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PNLEAT MRS X T LZHNTORERT I D
DNA BEM L RRFEEDOKGES

SR KFERIMEI L (B B ERR
N 53
(FErk 1 412 316 B2 14F)

EEWET I THB 2-amino-3-methylimidazo-[4,5-f]quinoline (IQ) ¥ & UF 3-amino-1-methy-
1-5H-pyrido[4,3-blindole (Trp-P-2) ORBJEBEHARKREL, FI 7oV —bPHFEY =2 -+ O
S9 AEEFRHEMARETEIINVLEL T8 (Ames B) WL DRI TE. EHIZIQ £/21
Trp-P-2 SRR 5, B ETEREO 2HFAORBOBEOREN EREANL DI, ¥
LE RS —FFEMER > R 7 A : (Salmonella/hepatocyte system, S/H ¥ A7 4) #fwiz. S/H ¥ A7 4
T, VAERSE LB LRy v Far— LT, ATV TRBFIERRMEL,
BT T 2 DNA BEME 2 FRCHRINT 2 2 L 25H% s . ML, cytochrome P-450 ¥
YR i RS M DM arylhydro-carbon [EE M@ C57BL/6N = 7 A & HEEL /- . IEH BB & F
WhEEBTIE, IQ 8L U Trp-P-2 id & b 28I & 2% Salmonella typhimurium strain TA98 (TA98) O
TREMESZLEDMLT, Z0 DNA #iiib T Th oz, Cytochrome P-448 DS 4 FHHY
BTHD 23,78, tetrachlorodibenzo-p-dioxin (TCDD) RTALEC & v, 1Q & & Uf Trp-P-2 DERFMY
WELCEML, %%, TCDD #&5= v Ax 5 OHMETMIzCR LT, T# & by DNA BEFRE
FL#. 1Q 8V TrpP2 OFEREM W cytochrome P-448 DR ENZEEHTH % @ -
Naphthoflavone (ANF) iz X v #ila hiz. ThoDER» S5, S/H ¥ A7 AKBVLTH Ames
e EEE, 1Q B & U Trp-P-2 OIEM(LAREIE cytochrome P-448 k& N-hydroxylation 235—2
ForTHBIE, LT, 2he 1Q BLUV TrpP-2 DAEENTORFRES FBEN cytochrome
P50 RORBHERBEOESECHEHBR 2T A8 LY, REXBEE2RIZ I LBTRR
ahi.

Key words % VEX 7 —FHlAY X5 4, 7% ViEHE, HEF#EE, &
HEME, DNA #8145

BEh i EET B OREE s LERREEYE
¥, GO R Az Y —= v ST B HEEL
T, Salmonella typhimurium % Escherichia coli D
BRETRAVTZOEERER R T 2MEM TRV
ERERTFALIBHS. ThsDREED I BRI
Ames 5% 1z X D BIF & h 7z histidine BR D
Salmonella typhimurium strain TA98 ® Salmonella

typhimurium strain TA100 OERBRER BRET
2 Ames B0 —BI B FETHE . HL OREWER
MO £ 7 oY — A HEORRC X 0 ARHEHERL
%23 C, DNA rRIGT 2 BRFBBWE TR D,
N2 F)TREREME 2 RBEE T 2RSS
DBEFEELTWEL, 20k, Feruy—a®
FrEYzi— b0 S9SEE2RBBEELRLLT,

Abbreviation: ANF, « -Naphthoflavone ; 1Q, 2-amino-3-methyl-imidaz-[4,5-f] quinoline
S/H ¥ A ¥ A, Salmonella/hepatocyte system; TA98, Salmonella typhimurium strain
TA98: TCDD, 2,3,7,8,-tetrachlorodibenzo-p-dioxin; Trp-P-2, 3-amino-1-metyl-5H-pyrido[4,
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FEFEMMEBLIUN I FYT L v Fan— |73
ZEREDERFEERELTWS. LaLiss

e DFRE - KRREWE L, £ERCBLT, &
e ™ERLD 2 FRcRBzh2 2L, -88
{ERBY O —ERITEROENAF (12 DNA) KIS
LEEDEIERERYD, —F, BERBYOS -ER
B OB EITERE L bORMEEI NS -
EBRHBN TV, FFE 70V — AR RTY 2 32—
b S-9 % V7 HERD Ames B CIE, REE
OEMARBRED AMFTINT, EBCEFNTE
BENTVREEEZ SN NEELRBRE L S0 I
RN (detoxification) 2% < DIFSRBEE N
TOWRVBREANRDE. CORERFWS 0, F3v
OV —LARFRES 23— D S99 FEDARH D iz,
EHERES L UREECABOmME 2 M2 TV ATE
HHBHEEH 7 Ames OFERBZ hbn T
Wi, KBXTHE, 20 Ames DT T,
Kohn WL VERES N7 A4 ) IEHEZHEL
T, BEFM L FEC, HETHEO DNA 8555
HTBZLEDHEZFVERT — R R 7 A
Salmonella/hepatocyte system (S/H & =2 7 A4) BH
WTHERKRY 3 >0 DNA HEN, TEEM O
BET2ZL2BMELE. S/H X574 1EE1
WCBERR U 7208, BT 2 R 2 NEEE, N2 F YT
EEAMELLT, N2 F YT EHT I ERER LR
RICHBFMEo DNA B2 7 v 5 Y ¥ H

(alkaline elution) iz & VT3 HkTH 3. Bz,

S/H Y AT LTIk, R bl % BEFMEEO 2 2%
S>TRBEMMECHOMME:HmIZ 2L b ks
L, BERFUYE L EEH (inhibitor) iz & b & 2 + A
fics 258 - BERMYWE (LEWE) 0RBR
BRI 2 EMiEINL B 2 & BHRBFERHE. &
DEIELT, S/HYAFLZBWTES L EE
EVTROZEZHBZENTES. Thbb, 1)

EFWEH R A MR CREE S 37, R
Mz LAKREYE, 2) L¥EmEO &2 bl
TR 5 R8 FEMEAH - FE®RLRE) ooy
A, 3) CEMESREERILBCKRX M S
Z % DNA HREBOBE, 4) (t2WERS R Ml
REEZUTECLRWEWORENE, 220, (a)
RUEMHSE WK MO DNA ITBES 5% 575
Fadd, (b) kR MR, S EH S H CHEBTED
DNA WHBEE5 25K 00+45REEE2 b - T v
SR ETHB.

FMX TR, %% FEREWE L LT, BFEEx
RT3 EMPIEZ N T B RBMY% heterocyclic
amines T & % 2-amino-3-methylimidazo-[ 4,5-f]
quinoline (IQ) & 3-amino-1-methyl-5H-pyrido(4,3-b]
indole (Trp-P-2) # M7z WE L b, EDOHE, &
EREMT 2METHY 2 DRBEREORESNEL &
ENTVIYETH L. 2L T, XHXTIE, MED
EREMS LU DNA #E0BES S/H v 27 Az

Salmonella hepatocyte system

Co-incubation of bacteria (target cell),
hepatocyte (host cell), and chemical

'

'

Induction of his revertants in
salmonella strains (target cell)

Induction of DNA damage in
hepatocyte (host cell) as
measured by alkaline elution

Fig.1. Schematic representation of Salmonella/hepatocyte system.

3-bJindole ; DMSO, dimethyl sulfoxide ; PBS, phosphate-buffered saline ; FCS, fetal calf
serum; EDTA, ethylenedlammetetraacetlc acid; SDS, sodium laury salfate WME, W1111am
Medlurn E
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Histdine-dependent Isolated hepatocytes
1Q or Trp-P-2 . .
TA98 in DMSO with or without
(2x10°per ml) pretreatment of
l chemicals in vivo.

Under 95% O, 5% CO, Reactive mixture
37°C 5 Varying incubation time
ml with gentle shaking.

Stopped on ice, centrifuged, resuspended in PBS.

:

1

ml

VN

Survivor dilution series Mutants dilution series (Backward assay)

Voo
U
k

0.1mi ml
2.4ml Top agar with .4ml Top agar with
0.5 mM Histidine 50 mM Histidine
0.5 mM Biotin 0.5 mM Biotin
Survivors His® revertants
# His® X 107

Mutation frequency _
(HisR/107) # Survivors

(R: revertants)

Fig.2. Schematic representation of mutagenicity assay in the Salmonella/
hepatocyte system. Formation and release of mutagenic intermediates from IQ
or Trp-P-2 into the incubation media were determined by incubating freshly
isolated hepatocytes and IQ or Trp-P-2 in the presence of Salmonelia
typhimurium strain TA98. Hepatocytes (1Xx109 in 5ml of phosphate-buffered
saline were incubated with gentle shaking with 50u g of various concentra-
tions of IQ or Trp-P-2 and 2x10° TA98 under an atomosphere of 95% oxygen:
59% carbon dioxide at 37°C for up tp 90 min. After incubation hepatocytes
were rapidly cooled down to 0~5°C and spun down at 55¢ for 5min. The
supernatants were then centrifuged at 10,000¢ for 20min and pellets contained
TA98 were suspended in 10ml of cold PBS (pH 7.2), and recentrifuged at
10,000 for 20min. The washed TA98 pellets were then resuspended in 0.lml
PBS, and aliquots were plated in top agar. Following mutagenesis assay was
carried out according to Ames et al” with slight modifications.
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BWTHLGPIILT, ZORBBRKICEERR M-
BRREL, SBOLBFEC L TAAEDEY S/H v
AT LADBREBENZ T TR, EERNDLED o4
Rl & I LEWME O FKE - FERERTICIGH
TR LOTEREOVLTHRET 2.

WRE & UFHE

1. ERBY

ERCK, BE 20~25g oMK C57BL/6N <
Z (B6 = 7 A, National Institutes of Health
Animal Supply, Bethesda, Md) % f#H L*®,
2,3,7,8,-tetrachlorodibenzo-p-dioxin (TCDD, Dow
Chemical co., Midland, Mich.) i& 2 — > # 4 )V 2 B3R
UEERBR M 48hr BT 564 g/kg BEMENES L 72,
1Q 8 & U Trp-P-2 13 EEkBH 4hr 871 dimethyl
sulfoxide (DMSO, Fisher Scientic Co., Pittsuberg,
Pa) iC¥EMEL T 10mg/kg MEBEAKS L 7.

II. 32aY—snfs

B —BERRS R, WEBHL, Ta0s
W RREE U7z, S U 7272 5ok U 2B
# (potasium phosphate KCI B# € pH7.4) o>
g, NI THEIL, Ko, HFOEED 3
EROBEBEMZ THRES 244 AL, UTO®R
BT RTCO~4°CTB IR, "EY=2F+1 XL
72BF139,0008 2043 REE .08, 7D L %£105,000¢ 60
SO L, 30% Glycerol #1102 720.4M sodium
phosphate $FE ¥R (pH 7.35) CHEEHE L —80°C TR
L. BHEEE Lowry B CE® L. 370y —
LDORBVEMEACREDOTERR L, MO ERFESYETH
% 2-acetylamino-fluorene (Eastman Organic
Chemical Co., Rochester, N. Y) iz L b, TA98 »f
Wiz Ames i T OERFEMOREALHEL , TEE
HRED b D% UBOERICH 2.

Il. FrigRa o st

Frfla o E#E Klauning & 0% L 0, ERK
ELT0.05% collagenase (collagenase Type II,
Worthington Biochemical Co., Freehold, N. J.) % #%
L 72 Williams Medium E (WME, Grand Island
Biological Co., Grand Island, N.Y.) #F\>7-. FF4H
ROEEL130.01% DNA ase (Sigma Chemical Co.,
St. Louis, Mo.) = X DI L 7. B, FMKC
0.059% 7'V a— ¥ WME %1% T 500rpm T 2
AMELL, SHCEUREE D 0L, BB
l%®B7 . BEFMEOEE%IE trypan blue THE
URFEMSE T CHEEL 2. EBICIXAEERIO%YL
BRTEBATMR 2 VT, BRI S 1 BRI

WREREBAIR L 72,

IV, ERFMERHZ

1. Ames ¥

ERFEOKMIE Ames 5D HFEY LD, UTO®E
FR TR TEENKRB I 5. 0.4M sodium
phosphate E & (PH7.4) &, 70mM MgCl,
130mM KCI, 0.5mM biotin, 0.5mM histidine #% i
RIERE, REWEML T Top agar (0.6% Difco
agar, 0.5% NaCl) iz, 9 : 1DEI&TLLBELT
45°CTRIET 5. 2@ Top agar 2.2ml i, 0.1ml
TA98 (2~3x%10° bacteria/ml), 0.1ml & DMSO
WML 1Q £ 74 Trp-P-2, Hiz0.1ml 2 7oy —
A &0.1ml NADPH (Sigma Chemical Co.) &% % in
ATRAL, BRFERD LIcES, FRLAFTITC
ABFFHIREECA Fax— 172, TAIS DERF Y
FERMS L AF Y HERME HisY) &% 5 BRER
FROIu-—¥ii, a0=—%v 5 — (Count-All
model 60, Fisher Scientic Co.) TH X 7-. TRE®D
MHEIZHE T, 50u 1 @ «-Naphthoflavone (ANF,

Isolated hepatocytes layered onto
2.0y pore-size filter using mild

suction.

Cells immediately lysed with 5ml
2% SDS, 0.02M EDTA, pH=10.0

Protein, RNA and menbrane
debris washed through the

filter.

Y

Native DNA retained on filter (~89%)
washed with 10ml 0.02M EDTA, 0.04M
NaOH, pH=10.0

Discard, EDTA wash.

A 4
Lysate treated with 0.5mg/ml

(1) | proteinase K in 2% SDS, 0.02m
| EDTA, pH=10.0 aproximately 1hr.

v

Tetrapropylammonium hydroxide
@ 0.1% SDS pumped through the
filter at 2ml/hr.

Y

Eluted DNA collected in 3hr fractions
DNA recovered by precipitation in
alcohol and filtration. DNA quantitated
fluorometrically using 3,5-diamino-
benzoic acid.

Fig.3. Schematic representation of alkaline
elution.
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Aldrich Chemical Company., Milwaukee, Wis.) %
TA98 & & & bz Top agar WZNZ TESGL, BEXKF
WESHRIEEMZL I LI DBHLL. &8,
TABZA YV 7 # V=P REN—7 L —KD Ames &
&b, 1Q BV Trp-P-2 RERIA > —Dik
BEKELLIVAEL THEHY.

2.S/HYAF A

%ERI3 Thorgeirsson &N AEM X DTV, ZDHK
B2 2 WALz, 1X10% B0 B L 7 i % 3
& ¥ #» 5ml @ phosphate-buffered saline (PBS,
pH 7.2) 2, 501 ® TA98 (2X10° bacteria/ml) &
501 ®IQ %724k Trp-P-2 DMSO ¥ 2%, 95%
0:£5% CO.DEERTT, Wo D EFETH A
B53TCTA vFar—1+T3. frFar—ME, 2

(A)
3000}
2
g 2000
@
X
1000
1
0 0.5 1.0
IQ (ug/plate)
(B)
3000}
2
2 2000+
[
I
1000}
/A
h_-_—-l.——-—l
0 0.25 0.5

MG microsomal protein per plate

2B 0~5°Cici#HIL, 55¢ 5 AME LT 5. g
R E & TA98 7210 L 7 E¥E#10,0002 204
&L L THES: TAIS o<1y b % 10ml @ PBS
(PH 7.2) Wb { X AZTEHEL , FEi210,000g 2053 f5&(,
LiztBD~<Lr v bic0.1ml & PBS (pH7.2) 2z
TAIS BHEWEES . LBOBRIEX Ames B ERIUT
b5, B21TRL &L S Mutation frequency #%
R B0, £ TAS Mg o |EIC0.5mM,
His® TA98 MMSHEIE I 50mM & R+ Y v @ED
Top agar # FHZhE . EREHEOMNEEED
B, UTOBETIT 7. 1X108E0 S L 725
WML % B S w7 5ml PBS (pH7.2) 2 50x1 0
ANF #f0%, 95% 0.k 5% CO.DEEKTT, 104
ol D BT ORne3TrCTA A YFan—}

3000

2000

1000

1 1
0.25 0.5 1.0
Trp-P-2 (ug/plate)

o

3000

2000

1000

0 0.25 0.5

MG microsomal protein per plate

Fig.4. (A) Mutagenic activation of IQ or Trp-P-2 in Ames assay using
microsomes from livers of untreated C57BL/6N min (O), or TCDD
treated mice (@). TCDD (50x g/kg ip) was administered 48 hr prior to

isolation of hepatocytes.

(B) Efect of « -Naphthoflavone (ANF) on

mutagenicity of IQ or Trp-P-2 in Ames assay using liver microsomes
from TCDD treated mice. Dose of ANF: @, OuM; A, 5uM; A, 10

M; B, 100z M.




HEHRT 3 0 DNA HEY L EREHEOKRE 1253

5. FHBEIv A vFar—- LM B 2
500rpm T 2 ZRIELIE S ¥, 5ml PBS (pH7.2) iz
B2 ¥, trypan blue DEE TEFEHRIY L L % 5
THHRER VT, 0&DT%, FROLTREMRH
DEBRRT-Iz.

V. ZuHhYBEH (Alkaline elution)

ZDH¥E Kohn Sz & DEAF S ', KERT
FENX EEHZ L D DNA #®Hi %455 Erickson &0
FEICL o7 BEEHICRLE. $42bb,
12X10°fE D BB L 7 FF MG % #23% £ ¢ 72 5ml PBS
PH7.2) 1, 50u] @ 1Q %7:4% Trp-P-2 DMSO ¥
BEMZ, 95% 0. £ 5% CO.DERAKTTCR-< D
LT DR B3TCTO0FMEA »F a—p L12tk,
0~5°CIZEIL 724 10ml @ 5% fetal calf serum
(FCS, Grand Island Biological Co.) ¥ &t» WME %

>

400}

Mutation frequency

(HIS®/107 survivors)

~~
*Y
N

400

300}

200

Mutation frequency

(HIS*/107 survivors)

100

0 0.5 1.0
1Q (uM)

Mz, 4430 55¢ THL U7, EEL 2-FFR, b
BEBRELLBIC, # 10ml 0F L FCS s i
WME THARYFLT, EBBEKBETO~5°Cic
Rotz. FFREERY, 2.0pm @FLOKY 7 o 5
4 F 7+ 05—~ (Millipore Type BSWP 02500,

Millipore Corp., Bedford, Mass.) iz ## i V> 7348,
7272%120.02M Na,ethylenediaminetetraacetic acid
(EDTA), 0.10M glycine # & A7 10ml @ 2 %
sodium laury salfate (SDS) ¥ (pH 10.0) %7 4 )
F—REESMEY . COBRFECLY, RS
LT, DNA OAZEBESTNT—FKPE Lk -7z
DNA #7 4 vF—kizB-72. T, # 10ml ©
0.2M EDTA %&A70.04MNaOH %% (pH 10.0)
ERAVT7 4 V5 —LEO—28 DNA 2% 280,

®iz, 0.5mg/ml proteinase K (E. M. Laboratory,

400

300

2001

100

1 1
00510 5.0
Trp-P-2 (uM)

4001

300

200

100

9 1
0 0.5 1.0
Trp-P-2 (uM)

Fig.5. (A) Mutagenicity of 1Q or Trp-P-2 in the Salmonella/hepatocyte

system.

TA98 were incubated with the compound and hepatocytes

(1X16° cells in 5ml) from untreated C57BL/6N mice (0), or TCDD
treated mice (@). (B) Effect of ANF pretreatment on the mutagenicity
of 1Q or Trp-P-2 in the Salmonella/hepatocyte system. The hepatocytes
were incubated with ANF 10min prior to addition of IQ or Trp-P-2, and
TA98. Dose of ANF; @, OuM; A, 5. M; A, 10 M ; B, 100, M.
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Elmosford,N. Y.), 0.02M EDTA, 0.10M glycine %
E&ATE2% SDS ¥ (pH 10.0) T, ¥E®LL. 20O
74 NF —EDO—Z&§E DNA I 7 VA Y IR % B
CHETZ ik, 1Q £724k Trp-P-2 c & D%
Zi37z DNA ORI an 5 . —RETK %2 %<
S DNA W, ZOHFENNIVBID 74NV —%
ERLES RS, Dy, 74 MY —EO—KH
DNA & tetrapropyl-ammonium hydroxide (RSA
Co., Ardsley, N. Y) 12X Y pH12. LicFAEL 720.02
M EDTA %&A730.1% SDS ¥ %8I 2ml/

Trp-P-2

L v\

s r \VQA
g L \A
5 N NN\
E | %
ol
8
< 0.3} r
z
a8
s
5 0.2 Untreated - TCDD
2
o
fre

1 Il 1 1 I 1 ! 1

3 6 3 12 15 3 6 9 12 15

0.2 Untreated

Fraction of DNA retained on filter

Hours of elution

Fig.6. DNA damage induced by IQ or Trp-P-2
in hepatocytes from CB57BL/6N mice. Cells
were incubated for 60min in the presence of
various concentrations of 1Q or Trp-P-2. Data
shown are from one representative experi-
ment. TCDD treatment was performed as
descrided in the legend to Fig.4. Concentra-
tion of IQ or Trp-P-2: O, 0uM; 0, 1 uM;
B 5:M; A 104M; V,2.M; @, 50u
M; A, 100 M.

hr OFEETT7 4 LY —%BEREE, ZTOBEHES 3
R 15/FE & T 5 BRI T Y L,

ISKFEIDBESE T 7 4 vy —HENTZ. 2D LS5 L
TR > 7Y v 7 UL O DNA D&
T 4NY— o7 DNADERRAET LI Lk
D, WIEEE 2R T DNA BTN 2 SRE R
32 enH%E 3. DNA O &k, Farrand Ratio-2
flurometer (FOCI Co., Valhalla, N. Y.) 2L T,
Erickson & O FED EVWRIEL 2.

154 i

1. xREM%

fEALE 5 L 8 TCDD FifLE B6 v~ 7 ADF 2o
V—AEHWT Ames BEORREZR 4 KR LE. 1Q,
Try-P-2 b ICH oI ARKEN L TRENE 25
L, TCDD RiALEE: I MABEIC AT IQ T4
f&, Try-P-2 TRH2EOEVWEREEERLL. &
B, ZOERERFEMIE Cytochrome P-448 (2R LTE
EX|TH 5 a-Naphthoflavone (ANF) 104 M T 1Q
1X#970%, Trp-P-2 3#990% DERFMEIZIFI & A,
100 M TidiEiFseewcilgla e, BMHHERE R
Wi S/H YAFARBWTHFI 7oV —a%fun
7: Ames ik r F I AERENLEREMETRL, 7
OFERREMI: TCDD FiALE THEBES L ANF 0 ko
THE &N (K5).

1I. DNA {8

S/H ¥ A7 LoD DNA #7 L ) EHER
IOHAEL (®6). EAE~T A5 OFHIER
W7-EEE DNA BEORE I IQ, Try-P2 b2, b
FTHTH o728, TCDD HiALE ~ 7 A » o Ol
CEWTREE LS, HorAREKGFENL DNAR
EE2RADT-. 228, 30, 60, 053DA »Fa—va
R, £ LB DNABBCOWTHEEDE
EFEDEoT (F—FRRLTnan)., B IQ s
L O Try-P-2 OE£ENESEDO DNA BEH2HA?
725, FRHRBOSARE 4 BERATIC, IQ 10mg/kg, Try-P-2
10mg/kg % H4E 1 & O TCDD HidLE v 7 A DM
WIclE L. 1Q 8L Try-P2 &5 &b, @
Eyiz, ROE~Y 2 TREED DNA BEHSFED S
n7zps, TCDD 4L~ iz Tid, DNA BE
D & EEATED sz (7).

& 2=

BEOORERFOL»TEAEE I L 2EFOLHD
ZEERAE L. BE, BRTICEEN D FE - LR
EME = LT —8D heterocyclic amine #3EE &




FEBT O DNA HEY  EREMEOMKE 1255

NTW2Y9 e heterocyclic amine 17 3/
PEHEORSEYTHY , APADBETEIT DS
poSHET S ENERSL. Zh 5 heterocyclic
amine 1, Ames IHCHEWEREM 2R LEIWER
BOTECIFBERECS ¢ 2. 1Q 5 &£ Try-P-2
i heterocyclic amine TH Y , ¥z IQ ik, BE0E
REMEOFCTHMNERD - OEREEEROE
BObDD—DTH5. BHE, TAIB 2> Ames ik
Tik, BEELEOLNEREME TH % aflatoxin B, X
DHERFEUENS SICHEVPIQ 8LV Trp-P2 &
D% DD heterocyclic amine IZFFD &% &
BrOMREBEICEE2E L &8 2", Heterocyclic
amine OEHERBOE—~RF v 73, cytochrome
P-448 #7F M @ N-hydroxyration & £ 2 & LT
2, EHFIHEBFME2A VT IQ & » Ui
Trp-P-2 OEREMS & U DNA HBEC 51 THREL
7. =B, FHIEEE cytochrome P-450 SE¥E 17 /R
ZHODH arylhydrocarbon [5&%:® C57BL/6N <

0.2

Fraction of DNA retained on filter

L | 1 !

1
3 6 9 12 15

Hours of elution

Fig. 7.

7ABE v VA) moHELL . KRERLY IQ B
LU Trp-P-2 @ Ames B:ic & DR & h 2 ERE M
&, S/H Y AT AV IERS N EREMCRE
BrBEsRo o, B IQ cMTAFI 2o
V— L% W EBR T, Yamazoe 5?10k 5T
cytochrome P-44811, (Yamazoe & D45MED P-44811
? high-spin ) i & 0 1Q IZ¥EHEALAB %2 ) C R
DERFHEME TH 5 2-N-hydroxy [Q wR# 2 ¢ 2
CEVHESN TS, KEBRTH, cytochrome-P-
448 DES 2FBEYE TH B TCDD I L Ames ¥
BLUS/H AT LADWTROFETS IQ BL U
Trp-P-2 OFERFEMLEE S N, cytochrome-P448 12
RENSHEEFTH 2 ANF (@ & 0 2B E M HNE] X
Nzl s, S/THYAFLZBWT Y Ames &
[k 1Q 38 & UF Trp-P-2 oEM A #IE cytochr-
ome P-448 (K7EMED N-hydroxylation 238 — 2 7 w
TTHBIENTHRENS. B, FREMN RN
PRERICBVT, RBEERL LTHvNBF:

Fraction of DNA retained on filter

i | ! | |

3 6 9 12 15
Hours of elution

DNA damage induced in hepatocytes from C57BL/6N mice in vivo by IQ or

Trp-P-2. Animals were given an ip injection 4 hr before isolating hepatocytes of 1Q

(10mg/kg body weight) or Trp-P-2 (10mg/kg body weight).

TCDD treatment was

performed as described in the legend to Fig.4.: A, control; O, test compound only
(IQ or Trp-P-2); ®, TCDD+test compounds (IQ or Trp-P-2).
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suy—ARREY x 2 — B L CHEEFEROE
DEELRERFTHE I eBHFEINLTVRD LAt R PP
L, EMEB XU TCDD BIALE < 7 A i b BT
Fi%0.5X10°~1.5X 10° Sl O HE TR EE X THAS
7248, 1Q B XU Try-P-2 OERBEM L TRAS
DEBBLIDSNELoT. FDY, ARERTE
12X EOBMEHEREEERLL. 1Q 34T
Trp-P-2 3 HEEN CHEEAT MO DNA ZHBEL
%@ DNA 0843 TCDD FTLE~ v A 5 DB
Frla e A5 tBHs L. B2 1Q BLU
Trp-P-2 &k TO DNA b TCDD RifLE ~
v A, KRBT AR CHEEERLL. ANF
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Abstract

The matabolic activation of 2-amino-3-methylimidazo-[4,5-f1 quinoline (IQ) and
3-amino-1-methyl-5SH-pyrido [4,3-b] indole (Trp-P-2) have mainly been studied in the
Salmonella assay (Ames assay) using subcelullar liver fraction. In order to study the net
effect of activation and detoxification processes for IQ and Trp-P-2, I used the Salmonella/
hepatocyte system (S§/H system). This system is based upon coincubation of isolated
hepatocytes with a salmonella test strain, and both the mutation frequency in bacteria and
the DNA damage in the hepatocytes can be measured. Hepatocytes from arylhydrocarbon
responsive C57BL/6N mice were used for this study. Although IQ and Trp-P-2 showed
clear mutagenic activation in the salmonella strain TA9S, only a low level of DNA
damage was observed. In vivo pretreatment of the mice with the cytochrome P-448
inducer 2, 3, 7, 8, -tetra-chlorocarbon-p-dioxin (TCDD) markedly increased both
mutagenic effect and the DNA damage of IQ and Trp-P-2. The mutagenic activation of IQ
and Trp-P-2 was completely blocked by the microsomal monooxygenase inhibitor
a -Naphthoflavone (ANF). These data indicated that cytochrome P-448 dependent
N-hydroxylation of IQ and Trp-P-2 is an obligatory step in metabolic activation in both
subcellular (Ames assay) and whole cell system (S/H system). It was suggested also that
the agents capable of modulating the activity and composition of the cytochrome P-450
system may greatly influence both toxicity and carcinogenicity of IQ and Trp-P-2 in vivo.




