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‘Abs&a‘ct‘””“'
. Phenamhrene, a simplest angular polycycl.lc aromanc hydmcmbon wnth 8 bay-rcglon in. lls mulecn]c, is chortul fobe .-
non-mutagemc, although most arigular {non-linear) po]ycyclic ammauc hydrocarhons. mnh 25 benzo[a]pymnc and chry ‘

' benzofflquinoline (BfQ), benzof#}quincine (BHQ), ind 1,7-phertanthroline (1,7-Phe), which are all xzn-analogs 6T pheuun-
threue, are mutagenic in the Ames test using Sulmonella nphimurivm TAIOD in thc prcsuwc of amt hvu' 59 fraction. In.

- respectively. BfQ- and BhQ-mduced '/l mutant spectra shcrwed ne- cha:acterlstlcs comparcd with that of the control. These
_results suggest that the in vivo mutagenicities of BfQ and BhQ were equivocal, On the other hand, 1,7-Phe induced & potent

. mutation in the liver and & weak mutation in the lung, Purthermore I,7-Phe depressed the G:C to A:T transition and incressed. . o

lhc G Cilo C G tmnwcmon in the Liver like qumo].me, ahepatomutagen possassing the partial strucmre of 1,7-Phe, compared -

the sameé mechanist as that of qumnhne. which mduced thé same mutaﬂonal spcctnun change (G C to C:G u-msvmmn)
© © 2004 Elscvier B.V. Au nghts resarved ..

quwardv Tnnychc aza—mne. I.n vwn mmgenem assny. Mmanon specmlm

1, Introduction

Ca':tmogenic aza a‘rcnes ‘are. wxdciy dnmbutcd in g
: thc environmental pollutants such as cigarette smoke

[1] and urban air {2-4]. Although mumerous studies

about the in vitro mutagenicity of aza-arenes have

been reported, 'the, metabolic activation  mechanism

. Cumspondmg anthor. Tel: +81-52-836 3485. ‘
fox: . +81-52-€34-9309. -

: - E.muil addrese: saek:@pharmgoya—mm jp (K.L Saelci).

1333—5718!$ - se¢ Ertmt m:mer © 2004 Elsev:cr B. V Al nghtu reserved.

doi:10, lmer mrgemox 2003 12012 -

75

for that of hetcrocycllc amines. Funhermore. there

of .aza-arenes has not yet becn cluadatcd exr.ept: '

- are -only a few reports-about the in vivo- mutagcmc-: '
ity of aza-arenes, We have investigated the in vitro

and in vivo mutagenicity of aza-arcnes with special -

attention to their mclabohc actwauon mcchamsms

- 10-Azabenzo[a]pyrene, 2 carcinogenic - aza- -analog

[5] of bcnzo[a]pyrcnc was rcported to be as mu-

tagenic -as- benzo{aJpyrene in- the: Ames test using. -

Sahmonella typhimurium TA100 in the presence of

a rat liver 59 fraction {6-8]. In our previous study, - N
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benzo[ﬂquhoinn ’ . 17-p!unlmlvoﬂnl .
Phe)

bmtlmnoﬂno .

_ lO-azabcnzo[a]pyrene showed s:gmﬁcam mu!agemc- ‘

ity only in the hvermdcolonmanmvwomuta-‘ o

tion 2ssay system using the lacZ transgenic mouse
~ (Muta™Mouse) [9]: We bave also-reported that the
total dose of 200 mg/kg (50mg/kg per day X 4 days)
of quinoline, 2 hepatocarcinogenic [10,11] aza-analog

'of naphthalene, showed a potent mutag'micity and

 induced primarily G:C-to- C:G transversions in the
’ . ‘Mannhctm.

liver of Muta™Mouse | 12-14].
Phenanthrene, & .simplest angular polycychc aro-

matic hydrocarbon with a bay-region in its molecule,

. has been reported to be non-mutagenic [15), although .

‘most angular (non-linear) polycyclic aromatic hydro-

carbons, such as benzo[a]pyrene and . chrysme, are .

known to show genotoxicity efter metabolic transfor- ‘

mation into a bay-tegion diol epoxide, On the other
hand' itwas t'epox'téd that bmzo[f]quinoline (BIQ) and

(Flg. 1,2 posmonal isomer of Bf}, was reported to
- be weakly or equivocally mutagenic in S, fyphimurium -

TA100 with a rat liver S9 fraction [19,20]. In our pre- -
vious rcporl, it was suggcstcd that ml:tabohc gctivation

a b-cpox:dc) (Fsg. 2) [18]

lrﬁ lfﬁ——

‘snamine simctu'o )

© K. Yamoda et al./Mutorion Research 339 (2004) 43-95

 In the present study, we lin_dcrtoqlc to i_mésiigalé :

the in vivo mutagenicity of BfQ, BhQ and 1,7-Phe

~ by the in vivo mutation assay system usmg the lacZ
‘ttansgcmc mouse (MutamMouse) :

2. Materlals and meiliods -

‘2.1 Ma!eh'ab .

'BfQ (CAS Registry No. 85-02-9) and BhQ (CAS

Registry No. 230-27-3) were purchased from Tokyo

- Kasei Kogyo Co. Ltd. (Tokyo); 1,7-Phe (CAS Registry -
_ No. 230—46—6) from Aldnch, phcnyl—B—D-galaotos1dc
- -(P-gal) from- SigmaChemical Co. (St.- Louis, MO, -

USA), proteinase K and olive oil from Wako Pure

- Chemicals (Osaka), and- RNasc from Boeringer

2 2.1, Auimab and !reahnents , B . '.
Seven-week-old male Muta™Mice, ‘supplied. by
COVANCE Research Products (PA, USA), were ac-

. “climatized for I week beforé usé and divided into .

seven groups of four mice cech BfQ, BhQ, and

" 1,7-Phe dissolved in olive oil {10ml'kg body weight) .

were mjectad mtrapentoneally into two, one, and two

groups, respectively, at single doses of 100, 100, and *

50mgrkg, rcspcctxvcly, for four consecutive days.

. The remaining two grcups were glven olive cil asthe

control

S22 2 Iissues and DNA rsalanon

All mice were killed by c:mcal dislocation 14 days

1. days (BfQ l 7-Phe- and olive ocil-treated groups)

= -bH )
l.! o
snemine epoxide * -
. (Ultmate form)

after the last injection of & test chemical. The liver,
. spleen, lung, kidney, and bone marrow were unmcch-

T

Fig. 2. Proposed metabofic scivition pathway for \be pyridine moiety (cnamine epoxide theory).
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ately extupatzd frozen in llqu:d nitrogen, 2nd stored at
=80°Cuntil DNA extraction. The genomic DNA was
extracted from cach tissue by the phenol/chloroform

method as prcviousljrrepoﬂed[IZ] Theisolated DNA

The Jambda gthJIacZ vector was cﬁ'iclcm]y e

-covered by the in’ vitro' packaging reactions [21].

Our home-made (HM) packaging extract consisting
- of a sonic extract (SE) of Ercheric&fa coll NM75%

dling the I-]M exu'act, approximately 5 pg DNA was

mixed with 15 u3 of FIL and 30 &l of SE and in- -
cubated at 37°C for 90 min.. Then the SE and FTL. —

for another 90min. The reaction wag. termmawd,

" by the -addition of an -appropriate volume of SM -
. buffer (50mM Tris-BCl at pH 7.5, 10mM MgS0y4,
~100mM NaCl, 0.01% gelatin) and stored at 4°C,

: 'mutantfrcqumcy- S =

By this procedure, the Agtl0 vector was efficiently

‘rescued: from- genomic DNA to form an. infections

. phage, . .

Primer 1

solittion was absorbed to E, coli C (lac™ galE™) at

room' temperature for 20-30min. For titration, an -

aliquot of the phage-£. colf solution was mixed wnh

LB top agar (containing 10 mM MgSOy) and plated -

: ( total number of plaqucs on selcctwn platcs) :
- total humber of plaqua on titer plnies '
* x dilution factor.

The s:gmﬁcance of dlff'emnces in the mutam fre-

- quency between the treated and control groups wag

‘analymd by usmg Studcnt‘s I wst.

2 2 4.2, cII mutam ﬁequancy deteminatron We _
also examined the mutagenicity. in the lambda o] -
gene integrated as 2 lambda, vector gene, which serves
as another selective marker as reported prewously in
the lact transgcmc B:gBluc mouse {24] The posmvc

AT CAAT TGTTAT GTAAGGAAATA CTTACATA_T_GGT T CGT GCAAA CAAACGCAACGA GGCT

cT ACGAATCGAGAGT GCGTTGCTTAACAAAATCGCAATGBTT GG»\ACT GAGAAGACAGCG :

i GAAGCT 6T cec‘csn cAr AAGT chAeAt CAGCA GG’T’ GOAA GAGGGA CTGGATT CCAAAG' .

TYCT CAAT GCTGCTTGCTGTTCTT GAAT GGGGGGTCGTT GACGA CGA CAT GGCTCGAT I'G

CAAA TAQA_QAAAAAIA.G.’LQAA.CJ’.I_&G

Prlmer 2

l-‘lg 3 Sequence map of the rII gene, The pnmers. used for E‘CR amphﬁcatlon nnd »quenomg, are s]wwn by m'ows ‘I'I:e PCR gw«:s
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