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T L S T
Mutant frequencies induced by BfQ, BhQ and 1,7-FPhe in five organs of Muta™Meuse for the expression time of 14 days ‘
 Tiswe- - Trestment - lacZ assay - - L e ellassmye o .

Individual animal data . . - . - Average & §.D.. -Individual animal daa . - . Average X 8.D.

" No.of No.of MFx 165 MFx1¢®  No.of No.of MFx10° MFx10%

REREN TR e iR TS o s '
Liver - Cootol. . - 1120000 . 106 . © . 95 . 10k 16 449400 . . 12 2.7 21 % 0.6
" (olivewily . BY6DOO 859 T2 L 938400 < 24 - 2.8 o
198000 73 6. 764400 11 14
S s, 4L 82 L 6950000 11 ... 16 L
COBfRQ. M0 32 50 96 %31 84600 12 15 38416
: ' $90000 © SL (86 . . . . 662400 35 . 53 o
15850 20 124 4630 23 $4
221500. . 27 122 . 883200 28 32
BhQ 442000 29 .6 59 % 1.} 1188000 53 45 264 11
677000 39 ¥ 1134600 21 1.9
2575007 31 43 o CETIT00 T . 28
S eassn 46 2! S 1011000 15 15
. 1,3Fhe’ 272000 41 . 151 159 £ 05 813600 44 . 54 4 08"
183000 30 164 ‘ _ 562800 19 L34 _ ,
__________ 263000 43 .. 163 720000 0 25 | .. 3%
184000 b 158 606b00 25 a1
Spleen. Comwol ~ 855500 116 . 136 ° 13436 62300 (12 19 24+ 03
(olivc oil) ~ ' 533000 29 S4 1502400 4l 27
L 446500 . 75. . 56 . - 546000 . .15 2.7
461000 12 4.8 o 369400 13 2.3
BIQ 210500 . 13 6.2 6.1 £ 06 2098200 25 12 3528
........ 2445m 15 6.5 . “]m ]3 29 PR e e
403000 27 67 785400 €5 B.3
..... o 2565000 0 13031 i I N
" BRQ © 297000 12 40 © 6518 T a0 10 36 " 19k 06
o - 3s4500° 25 T ‘ : 828300 - 22 27 ) -
396500 26 66 946200 31 33
: . SA4000 46 3.5 : . 1608600 . 34 . 2)
Cigpme | agsib 3 88 ap&Ne  Toend d0 L 2il dddog
. 502500 21 54 .. 102%00 2% . 23 o
320000 .24 - 18 S 1026900 )6 18
_ 462500 34 74 905400 32 35
Lung  Coowol - - 1530500 127 - 82 . 60.+13. 1027800 21 - 20 - 2F&04
lolive oil) 1111500 60 = 53 . ' ' 7Isbn 21 28 '
S 6000 - 35 52 - | Jh4zmoo 20 0 18
147000 76 o 52 g3en0 15 o 1e
BfRQ - ss00 39 7 6006 - 1107600 0 18 - 16 26& 06
: a0 1% 54 : - G030 22 . 24 :
353000 . 21 59 : - 1124700 36 32
266000 - 15 - 56 R - 445200 14 A ,
BhQ 401500 51 127 108 & 24% 1705500 37 2.2 354£10
.- 481500 54 12 - : 1071000 - 33 - 3.1 S
572800 72 126 ‘ 2403000 99 41
17 T T B 2083200 98 0 47
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Tablé I (Continmeed) .

TISB'I.IG ' mm:ent faeZ asuy ' , , cJi asaay
Tndividial acicanl dats Aveisge £ SD. Tndividoal animal dats - Averge 2 5D,
Noof Neof  MPxI0 MFx10° - Neof Neof _'.MF?‘ 10 MFx 105
phages ' mutanity S phages’  mwtanty o
_ analyzed - . - __analyzed - - .
e :1'7'-1='h=' CU3sss000 2986 oA L1y 1oMoo 2 24 S 29%05
351000 46 13.1 012200 27 27
-244500- - 27- - 110 909600 4. . . 37
‘ A 213000 18 8.5 892200 26 29
Kidney - - Couwol 219500 15 - 68 - 68:+14 s5100 211 . AR 27 £.10
toliveoil) 190000 17 89 ' ' 426600 16 3B '
. - 2L T 49 sE000 1 L9
010000 20 66 771000 12 6.
OBfQ. . 6B2500 46 D 67 7441 1035000 25 - 24 - 3809 0
550500 © S 93 AR 825000 36 . 4d .
, 474000 < 33 70, . B9800 30 . 46
Lo 484000 32 - - .66 1599000 66 - 4l
BhQ. 920500 © 35 - . 64 74£12 1323600. .26 . 20 22208
.......... 622000 L BT .. 945000 27 - 29
C . 113000 18 88 1408200 23 L6
CTlL T 2m%00. . 16, 68 L 1018200 23 zy¥
17-Phe. 486500 30 62 68 & 0 Rl4800 IS 13 33%16
“““““““ . 558000. . 38 . 68 o 660300 40 ° 61 AT
177000 2 4.8 520200 13 2.5
............... amsso0 4 13 o 1664700 .48 . . - 29 :
Bone mirow Conmol 3110007 32 103 A £30 64100 14 2.2 13 £06
10 loliveoll) - 4es000 27 - 58 . 1041000 . 16 15 A
""""" 705000 2 28 M0 1 .09
‘ 96500 9. 93 L 154500 1 06 .
CBQ 325500 17 52 64 09 1075200 16 L5 - 2.6 £ 09
S 256500 . 17. 66 528000 12 23 .
326000 - 25 . M7 o s1%00 20 3K
. 208500 44 62 1144800 32 23
------ BWQ . 257000 13- ST . .57 %08 0. 20 . 17 .04
' ' §17000 38 6.2 ‘ ' 1349400 24 18
S 6E3000 41 60 . 1040400 - 22 24 s
1L7-Phe 502500 24 48 AT+ 08 963600 12 12 16£0.6
s’ 19 - as %600 1 L o
6220000 33 53 1341000 31 16
332000 13 - 39 916900 24 26 .

* Significantly different from the control group, P < 0.05.

. Slgmfu:alnly dlﬂ'erenl fmm ll:: contml gmup. P4: 0 01 .

selection for.c/ rmutants was performed according to

the method of Jakubezak et al, [24] with slight modi-

ﬁcatmn as pravmusly reported [ 14]. Bneﬂy, the phage,

solution was ebsorbed to . coll G1225 (hf™) at room

tcmpcraturc for 20-3{] min. For tm'amn. an appropn-'

i)

at 37°C. The: rcmalmng phage-E. coli solution was

mixed with LB top agar and plated onto dishes con- - -
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TTeble2 - . e T
Mutant frequencies induced by BAQ and 1,7-Phe in five organs of Muta™ Mouse for the expression timc of 56 days
Tisgue - Treatment . lacZmssay . .- - o A " cff assay ‘ ‘ ‘
- Individual snimaf data . Average & S.D.. Individual snirnal data - ' Average + 8.D,
No.ef No.of MFx 10° MFx I¢° No.of  Ne.of MPx 105 MP x 105
phages - mutents : phages mutants ‘ : e
S amalyzed D amalyzed L S
liver © Conmal . - 246500 . 2] . . 35 L 19£13 540700 . . 1. 1.9 17402
© . {cliveil) 163500 12 AR S Hte1e00 2 18 :
636500 39 61 3351900 65 1.9
T assso0 1S 5.6, . ‘ 1978900 0 27 4. ... L
BRQ 250000 24 5.3 115 %28 . 543600 14 26 2402
S aer00 38 . 98 o 2748500 | 60 . 32 o
714000 116 16:2 393000 N 26
o 180500 20 1.1 o 2490600 57 23 S
1,7-Fhe 653000 63 9.6 148 3.7 1468200 64 44 48 £ 12"
. 265500 38 nt : : 1140000 - 36 32 S
497000 94 139 4469100 286 64
. 000 22 178 , ' 306600 16 52 -
Spleen’  Control 608500 47 7.3 78 £ 04 " 1825800 53 29 29+ 06
(olive cily 347500 26 7.5 1304400 48 37
CUTTLLTT sasse0 %0 . L BAL . 1224600 0 36 (29
g0 W 74 1106400 22 20
BRQ 440000 38 86 T BAXD3 2245800 32 14 3I3£25
o 242500 21 8.7 o 260400 14 15 o
354000 . 30 55 1090800 . B3 .14
L AGOS00 36 18 , 046200 24 2.8 _ ,
© 1,7-Phe - 567000 . 81 . 143 100 £ 2.5 1022400 . 22 22 224 004
S 231500 18 0 78 ‘ © .. 976800 - .22 ‘23 S
336000 29 8.6 1059000 23 22
CL L 253000 2498 s 885300 190 22 o
Lung  Control 150500 25 64 1919 657600 13 2.0 3109
. . folive cil) 2185000 21 | L 9.6 : 1230600 © 30 24 L
- 558500 32 5.7 236000 a5 k&
, 474500 47 3.9 . 928800 . . 33 41
BRY BB 26 78 T2:12 4200 19 26 3TE19
: 554500 43 7.8 1035000 . . 25 24
476000 39 8.2 839400 .59 - - 70
, 386000 20 5.2 651000 17 26
$,7-Phe 731500 . 56 %7 “17%09. 1365600 - 25 13 - 3.0 %09
412000 32 73 ' 728400 29 4.0 '
4545000 4 89 966600 26 O
$19000 33 6.4 946800 35 17
Kidney = Control 442500 26 59 82224 1874400 64 34 25 %06
: . (olveoil) -~ 217000 .26 120 . 2213600 43 1.9 o
383000 25 .65 1139400 25 22
5965000 - 50 84 ‘ 1437600 - - 39 2.7 g
BIQ 552500, 41 .14 10 1629600 60 . 37 29 0.7
o 479000 39 8l S 1360800 33 24 :
774500 56 12 1446000 50 3s
698500 38 . . 54 127100 27 21
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Table 2 (Continved) . .
' Tissu'a":'-  Trestmeat fecZassmy - o . o eBwssay oo
00 Individua animal daty . Averag & SD. Individua) animal data © | Avemsge & S.D.
No.of . No.of MFx10° MFx100  Noof Noof MFx10° MFx 105
pbager  mutants : : _phages. nmnmu T
amlyzed‘ ‘ ~ analyzed
. 1%Phe . 299500 19. | €3 73&10 | 12018000 26 22 22&03 |
© 5675000 SO 33 © 1393200 35 25 -
877500 © 70 30 1409400 - 35 .. 25
s13500. 32 62 T 1060200 190 T 18
© ‘Bone mamow Contal - 807500 43 - 1 19 £12 1% N 16 19 £ 04
: (olive oil) 820000 87 69 : 1204800 25 2l L
S QM0 0. 76 4480 23 16
o 605500‘.' 60__ _.9_9 . ) - 3184400 30 - s . . L. .
BRY. - . .429000 - 26 - 6] 69 &2] 10400 19 . M 39&41
S 661500 - €9 - 104 N 1287600 - 15 - 12 I
. 853000 47 53 1256400 136 mn
CoLoloTe1500 a5 o st 12492000 29 - 23 R
17-Phe  60SS00° 92 152 S0%38 1206600 13 1 15403
L : 447500 39 87 o 17004000 220 33 o
507000 30 59 876000 14 18 S
1183000 - 71 - .. 60 . 8 -

1444200

"+ *Significantly different from the control group, P < .05,
" SLgmﬁcanlly dzﬂ'cmn! from the ¢ontrel gmup. F <001,

‘ tammg boltom agar. 'nm plates were incubatcd for-

48h at 25°C. for sc!cchon of clf mutants, The w:ld

‘type phage, recovered- from Muta™Mouse, has a -

ol phcnntype, which penmts plaque formation with
‘the Hfi~ strain at 37°C but not at 25°C. The mutant
frequency was calculated by the followmg formula:

mutant ﬂ'equency ‘
" {totai number of plaquics on sclection plaics
= ( total number of plaques on titer plat:s _ )
x dilution factor. -

. The '.ngniﬁ'canc'e of differénces in the mutant fre-
quency between the treated and control groups wes
analyud by using Studcnt ] r—lest. ‘
225, Sequencing of mutants .. ...
The entire lambda ¢/l region was a.mphﬁed duecily

from mutant plaques by the usc of Tag DNA poly-

meraseé (Takarz Shuzo, Tokyo, Japan) with priiners

. produc was purified wiiti a micraspin cohirn (Amer= .

sham Pbarmacia, Tokyo, Japan) and then used for

-a sequencing reaction with the Ampli Tag cycle se-

yuencing kit (PE Biosystems, Tokyo, Japan) using

- the primer’ P1.. The réaction produtt was.purified

by cthanol preclpuauon and analyzed with the ABI '

. PRISM™ 310 gcneuc analyzcr (PE B:osystcmS)

Pl; 5'-AAAAAGGGCATCAAATTAAACC-3, and
P2, 5.CCGAAGTTGAGTATTTTIGCIGT-3' as -

proviously reported (14] (Fig, 3). A 446bp PCR
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' 3. Results |

3 I Mutant fmquency af BfQ BhQ. and ! 7- Phe

BfQ, BhQ, and 1,7-Phe (Fig. 1) were tested for

"in vivo muragcmcny usmg lacZ tmnsgcmc mice

(Muta™Mice), The mutant frequencies observed in

. the DNA preparanons extracted from the five organs

are shown in Tables 1 and 2. Over 10 mutant plaques
were analyzed in most organs. For the bone marrow
in Table 1, the mutant frcqucncy of one animal in the

" BhQ-ireated group was missing and the number of

mutants in two animals in the control group was in-
sufficient because the isolated DNA was not enough



' .to’be analyzed. The spontancous mutant freguencics

observed in the control group were similar for the
. five organg in both ZacZ and /) assays 'regai‘dless'df
the cxpression tithe (14 or 56 days), the fats ranging
from 6.0 to 8.2'x 10~5 and from 1.3 to 3.1'% 1075,
respectively, These results were sumlar to !hosc of
. OuF previous studies [9,12-14).. | .

Table 1 shows mutant frequencics with the test
‘ .compounds in: the five organs 14 .days aﬁer the last

‘injection, BAQ slightly, but not si ignificantly, increased
" thé mutant frequency in the Iwer in both. aszays. On

the ather hand. BhQ s:gmﬁcanﬂy mcreaszd the mu-‘ |

Tnble 3

_Sequences of clf mutations in the liver of BfQ-trented Mulsmen for lhn expression | tnne of 14 days

K. Yamada ef o, /Mutation Research $59 (2004) 83-95

tant fn:qucncy in thc lung in the lacZ a.ssay 1 7-Phe~ =
sxgmﬁcanﬂy increased the mutam frequency in the .
Jiver -in. both assays ‘and- in the lung m . the lacZ -
assay.

Mutant frequencm observed in the DNA prcpm- o

tions extractcd from the five organs 56 days after the

last injection are shown in Tubie 2. BfQ significantly -

increased the mutant frequency in the liver in the ¢l
assay, whereas the mutant fréquency in the facZ assay
was slightly, but not sigrificantly, increased, 1,7-Phe

significantly increased the mutam frequency. in the.

liver in both assays like the results obtained 14 days

A‘Sﬁ

Mutant 1o, _ _Potition . . _ Musation - - Sequence - Amino acid change
1 CtT AAG TOG CAG ‘Ser to Leu
A2 99-100 GG 0. TT . - GTG GGC OTT . GlyloCys. -
- AY 107 AteC - © . OTT QAT AAG Asproals .
As 5 CtwoG CTT AAC AAA Asn to Lys
A5 RS * R CT . GCG CGACAA | ATgto Stog
A6 181 GwT " TGG GGA GTC ClywTp
. AL S 34 CtoT CTA CGA AIC. . Arg lo Stop .
A8 W3- Gl A .. GGC GIT GAT Yaltole =
A9 196 Gt _GAC GAC ATQ Asp 10 Tyr
T A0 129 Grc . AGG TOG AAQ TpCy |
All 34 CtoT CTA CGA ATC Arg 1o Stop
. A2 25 .- G A AAC GAG GCT GlutoLys - -
T AI3 1) B2 A A AL TG " Frameghitt =
Ald 179-184 -G . TGG GGG GIC Frameshift
CAlS 51 CA  CTITAACAAA ... . AmioLys
Alb 35 GT " CTA CGA ATC Arg to Len
. A1? 179-184 +G ' TGG GGG GIC - Fiameshift
" ATR el GG to'TT _ 'GCG GAA GCT Glute Swop
Al9 24 GtoT . GAA GCT GTQ Ala to Ser
D A20° ns’ CtoT . TCG.CAG ATC. . . Glato Stop -
“A21 193 Glo A GAC GAL GAC Asp 1o Asa
A2 64 - QA ATC GCA-ATG- - . Alnto Thr -
A23 00 T 103 G A - GGC GIT GAT “Valtolle .
A24 104 Th . GGC GIT GAT _ Velto Ala .
- A28 .8 CrwT _ACA.GCG GAA - - . Al to Val -
AZE 64 GiloA ATC GCA AIG Ala to Thr
- A2 175 GwT CTT GAA TG0 Ol te Swp -
A28 28 G A AAC GAG GCT Glhiwolys
A29 34 CtoT CTA €GA ATC Arg to Stop.
A3D - 00 - Gto A GTG GGC GIT Gly to Ser - -
AN 62 T AAA ATC GCA Ite to Thr
A3 LB QoA AAC GAG GCT Ghu to Lys ©
A33 196 QoA GAC GAC ATG Asp 1o 'Asn
. A RS -G TGG GGG GTC . Frameshift
CA3S mns - CwA  TCG CAG ATC Ghhtolys - -
134 Gl AAG AGG GAC Arg o Thr

bt Ascnbable to lhe sabé mutstion obhmcd in an identical inbuse.
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aﬂer the last m]ecuon. 1, T-Phc did not’ mcrcasc the

mtant frcquency in the lung for the expression ume

- of 56 days.

' 3.2, Mutation spectm of BfQ, BhQ, and 1, ?-Phe-

mduoed muranam

" A total of 36 BfQ-mduoed gutants in the liver for

' the e expression time of 14 days, 37 BhQ-induced mus

tants in the hing for 14 days, and 43 1,7-Phe-induced

I 'mutants in thc Yiver for 56 days were subjected to se:

Table 4 TR PP
, Sequmwofcﬂ'mutatiun: in the hmgo!' Bho-tmwd MutamMouse for t.he expression dme of 14 dnys :
Mutant na, " Position . ' " Mubation - - Sequemee Amino acid change
1 G A - GAC GAC ATG - - . AsptoAsn . . .
B2 179-184 +G’ " TGG GGG GTC " Frameshit .
-B3 149 ., - AteT .., CCAA4GTIC Lys 10 Met
B4 . 241246 —A Ll Add g6 Frameshift
RS M CwT "CTA COA ATC Arg 10 Stop ‘
0 L . CwT & AAG TCG CAG - Settolew . -
B? 2148 G T “GCACGACAA T T AgwLéaw
BE* 34 CwT - . CIACGAATC . Arg to Stop
IR B 7 U Qc - CIT-GCT OIT . CAltePo
B0 25 GloA ‘ "AAC GAG GCT Glu to Lys
Bll. M CtoT T CTA CGA ATC - Atj 1o Stop -
B2 2 TwC AAMAATCGCA™ Neto Thi
Bi3* S CwT CTACGAATC . . ArgwSiwp
Bl4 Camo TwC - AIT-CTIC-ACC - - - - Lento Pro .
B1S. 40 _ . OnhA "ATC GAG AGT Gl 10 Lys
B1s 21z . . CwT © 1 TTG GOG CGA- AawVa
B 212 CweT TG GOA COA " Alnto Val
B18 13 - Cto T - . AAMGTCOCAG. . - - Sertolen
BlY P T QwC - CAGTGOBTIG:- - - - - AlawPmo
B20, ‘ 119-154 +G. 166 GGG GTC Frameshift
B2t N B CtoT  ACA GOG GAA - Ala 1o Val
B22 196 Ao A - GAC GAC ATG Asp 10 Asn
B23 100—[98 -=GAC . - . GAC GAC GAC Frameshift
Baq 34 ..... . 'Cto".l' . ‘-:CIKACGAATC‘ ...... ArgloSlnp
BI3 205 CtT GCT CGA TIG Arg to Stop
B26 T R P I -G. .. TGG GGG GTC. | Frameghift -
B27 _ 1z QT ATC AGC AGG ' Ser o lle
B28 - Gto A .. GAG GCT CTA Alato Thr
B29 . 52 Cin @ " TTGCIT AAC Len to Val
B3 . - : 197 A1 G GAC GAC ATG Asp to Gly
[ ) R ) b CwT. . .. TTG GOE COA. . . CIAlatoVal
B3z _ 9% Gl " GCO GAA GCT Glu 1o Stop
B33 o DS CtT GCT CGA TTG - Arg 1o Stop
B34 - "40 QtoA ATC GAG AGT Ghato Ly
B35 - 34 CwT CTA CGA ATC Argto Step
B3¢* . 40 - GloA - ATC GAG AGT - ‘GluioLys . . ..
B A 8 CtT _ACAOCOGAA Alsoval -

. quence analysis. The mutations are characterized in -
Tablcs 3—5 and sunmmrmd in 'Iable 6. In Tablc 6, 1hc

single events, The data of the spontaneous mutauom
are from our prcvious rcpoxt ) T
1 7-Phe-lnduwd mutatmm cunmstcd mamly of

(15139) and GiC to C:G tiansversiors (10/39) pre-

‘dominated. Compared with the spontancous mutation - -

spectrum, G:C to Al T n'anmnons decmsed and G:C

' ‘Ascnbabletoth:samemutatmn obtamedman!denncalmnus‘c """ L e
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TsbleS ~ . . L. .
- 'Sequénces of el mutations’ mtbelwer of l'l—Phe—qu:d Mm Mouse farlhccxprcmon timeof.’n’- dayc ]
 Mutantme. .. ... ‘Posmon Mutnlim;.-- © . Sequenee . . Ammnaadchangz-
a - om0 . CtT .. AAQGTOGCAG - SertoLew -
[ ov EEEEEEE SRR 1 ¥ S CteT - ' . TIAGCACGA - Al to Val
3 ' 125 . G . AGCAGGTGG - AguwTh _
c4 . 1% ... ... . G®wA . . .  GACGACATG.- - - AsptoAsm
c 0 QoA - ' ATC GAG AGT Glu 10 Lys
e Souze. CtoT TIGGCGCGA . - Alsw Ml
SCT e A S @wee AGT GCGTTO : AlawPo -
cs Co% ~ GwC . GAA GCT GTQ . AltoPro. . -
o AR R & ~..@wpT. - - . AAMGAGGGAC - - AgtwoMe -
ciwe ‘ 163 © CwT " €00 CTT GCT ) Leuto Phe
cn 34 - CT o icm_cmmc S AEWSwp .
a2 119’-2'4!'1' T «éZbp : : ‘ ’ Frameshift - '
¢z .. wm . GwoA . -GACGACOAC = - . AsmptoAm .
< T S . ss oo o CwT o . L ATCGCAATG . . AloVal
c15 - ‘ 164165 -T -  CIT GCT GTIT . Frameshit .
LT iie6 e T e GRAT T T
C1s i - AwG - - e AIGGTT Metto Vel -
c17 224 CoA GIT GCT GCG Al to Asp
S C18 196 GtoA GAC GAC ATG Aspto- Al
19 150 GioT CCA AAG TIC Lys 10 Asn
to My Lo AAG TCG CAG Sertolew ... ..
""" (o3 150 GwT CCA AAG TTC Lys to Asa
€2z - ... 129 . .. GwA. .. ' AOG TGG AAG Tip to Stop
..... as . I . 37 .- .‘ . A'DT e . CGAATCGAG . Ce e e e []emn,e :
' cae ' 140-141 , GG o CT . GAC TGG ATT . TiptoSer
€28 B €A . | . ACAGOGGAA. | ‘AlatoGh
Q6 - T M Y CwT :  CTA CGA ATC © A e Step
B -+ AR 3 v S .. .CleT © .. " TIG GCG CGA CAlatoVE
C28 . oo M3 L U Twe L ATTRICACC - LeawoPro
29 ) 28 , . . GwC GAGGLCTCIA _AlatoPro
Lo R oL es 1T Tl €A . GAAGCTGIG . - - . Al Asp-
1 T sy T Cwea ACA ' GCG GAA Ala to Gly
B o= ] L C100 .. L [« N1 ol . QTG 6GC GIT o - - Qly to Arg
G331 L as LT QT T T L AMGAGGET - Gluie St
c3 _ 0 » _ . Cw@G . _COGAATCGAQ  lletoMet
Tes oo . LD 1. ' GwuC . .. . QGOCGITGAT - . - ValtoLew
Ci6 B i - 7 CweT " TTIG GCG COA Als to Val
o : T 6 S QWA o ATC GCAATG- ' AlatoThe
€3k - o 193 T GieT T T oACGACGAT T ATy
c3e ‘ . 95 .. CA . GAA GCT GIG . AlwAsp |
O < S TR < X X AR o CITGGAACT - . GlytoAhl
ca 120 CwG " CAO ATC AGC © et Met
cer - -39 ' Cwd - U1 CBAATCGAG 1 lletd Met
a0 T B 7 SR G'to'A : n ATC'GCA ATG " Alato Thr

1,7-Phe. On the other hand, BfQ and BhQ-mduocd .- 4, Discussion

c/f mutant spectra showed no characteristics com- . } ‘ S
pared with that of the control and consisted mainly In-this study, we attempted 1o investigate the in
of G:C to AT transxtmns (15/34 and 18/33 rcspcc- vivo mutagenicity of three tricyclic aza-arenes, BfQ,
tvely). . , _ , o - BhQ, and 1,7-Phe. 'l'hey were: lnjectcd daily for 4 days'
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 Table 6 .

" The same mutations ﬁ'om an ldmt:cal mousa were counud as singie avents,

 The data of lhe spunm:eons muht:cms are ﬁ'om our pmrmns rcport [9}

their tolerance doses detcrmined in prelumnary tests.

" "Although these héa'-a'!ialogif'ﬁf phenanthrene “were " -

weak mutagens in Muta Mouse, different eﬁ‘ects on .

observed depending on the N-substituted posmon. o

. BfQ increased the mutant frequency in the liver for -

" the expression times of both 14 and 56 days. On the

L difference in the nitrogen position in the bcnzoqnmo—

has previously shown a potent in vivo mu'tagemclty

in vive mutagemclty is decreased by the benzene-ring

- other hand, BhQ increased mutagenicity in.the- hmg, - :.
- butnot in the liver, Bthasamtogmatommﬂle bay- .
region and BhQ inthe non-bay-reg:on. Therefore, the . -
‘line molecule might alter the targct organ, Qumolmc? =

- in Muta™Mice [12-14). These results suggest that

fusion on the quinoline. moiety, 1,7-Fhe significantly. :

mcreased mutagemcuy in the liver for the capression

- times of both 14 and 56 days.and in the lung for.

the expression time of 14 days, It may be suggested

hung because 1,7-Phe has 4 nitrogen atom in both the

' bay- and nop-bay-regions. Our previous data indicated

that metabolic activation of these phenanthrcnc aza-

* increased the G:C to C:G transversion like quinoline-

- that {,7-Phe induced mutation both in the livér and

analogs might take place in the pyndme mo:ety [18]
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'cach vrgan,

anism [17), supporting our opinion.. .-
With regard to the suitable expression time in thc

K. Yamada et ol /Mutation Research $39 Q004 83-95 * %

S'ummary of oIl mutanm !pecn'a in Mo™Mouse
- Mutation class - Control (%) - - - CBRQUR) .. BBQFLA) . - 11PRe® (%)
. Total. oL 300 34 {100} - B0 39 (100) .
. Basembzdnmon R ‘2B (R8) . - - 28 (82) -2B(B5) .- - - S36(92) - -
‘Tronsitions ‘ ) ) ’ ' ’ ’
" GC . AT 18 (56) LTV N 18(55) L1508 -
AT to GC ) (J) 2{6) I - 2(5)
- ‘Transversions -
. ATNTA Lo 3(9) ........... a(e’ ...... 1(3) S 1(3)
AT to CC 0{0) 13} 0 (@) _ 13
GC to-TA 5018 729 30 I ¢
GC to G 13 i® I 10°(26)
© =1 frameshifts 19 - 3 C28) . . 0{0)
41 frameshifts .- e T 13- ) I 0 ()
Deletion - 049 0 (0) 143) . 1{3)
Insertion- - -« - - - - - 0y .. L 8. . .. - N N () R 0@
Complex 1Q) 2 (6) o 2(5

‘(Flg 2) Lanc and oo-wnrkers reponed thnt BIQ .
" might be converted to the uitimate form not only by -
.the bay-region mechanism but also by anothm- mech- N

- evaluation of in vivo mutagenicity, different tendencies - -
were obscnrcd between the mulagmesm of 1,7-Phe in

the fiver and that in the tung. 1,7-Phe showed similar |

mutagemcmes in the liver after the expression time of

increased the mutant frequency in the Jung after the

"both 14 and 56 days. However, in the lung, 1,7-Phe.

expression time of 14 days, but not after 56 days, Sun

and Heddle reported that mutation by ethylnitrosourea

in the liver Was miorc firmily established after about 40

days post-treatmcnt !han after 20 days [25] It sceins

“that &0 appropnate expression time may be. neccSSdry‘

to evaluate thc n vivo nmtagemclty of chemmals n

'1,7-Phealso dcpreesed ihe G:Cito A:T tramsition and

[14],a hepatomutagen possessing the partial structure

of 1,7-Phe, corpared with the spontaneous mmahon; N

spcctrum Themforc it may be suggested that the m-

mon feature of the qumolme type memboiu: activation
in aza-arenes. :
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Although a hajof question to be answered is how

“the position of the nitrogen atom is responsible for

the ' differences in mutagenicity between these - -

cyclic aza-arenes, the present data suggest that the

position. of the ‘nitrogen atom .in the palycyclic aro- -

- matie ring might influence in vivo mutagenicity with
.n:specl to the targe! organ speclﬁcity and mutational
'pattem. '
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~o lymphoblastoid TK6 cells - o

" Li Zhan™Y, Hiroko Sakarmioto®, Mayumi Sakuraba®, De-Sheng Wu®; Li-Shi Zhang?,
. Takayoshi Suzuki® Makoto Hayashi®, Masamitsu Honma®* -

» D:'ﬁsfo;: pf Ge;aqfi&a udﬁlurogm'w's. Notional Inseinise of Health Sciences, I-i§-2 Kamumgn Sﬂlegoyc-hl, 'Ibkm J‘fHJDi.‘Japai -

Abma“ e . R . I e e e e e
~ Toxic cyanobacterla (blue-green algae) water blooms have become a scrious problem in mua!mdnsu'ializedarm of .
the world, Microcystis-LR (MCLR) is a cyclic heptapeptidic toxin produced by the cyanobacteria, In the present smdy, we - -

. used human lymphoblastoid cell line TK6 to investigate the in vitro genotoxicity of MCLR. In a standard 4h treatment,
* MCLR did not induce & significant cytotoxic response at <80 pg/ml. In a prolonged 24 h treatment, in contrast, it induced.
_cytotoxic as well as mutagenic responses concentration-dependently starting at 20 pg/ml, At the maximum concentration
- ! (30 pig/ml), the micromucleus frequency and the mulation frequesicy at the heterozygous tiymidine kinase (7K) locus were:
approximately five-times thie control values. Molecular analysis of the 7X mutants revealed that MCLR specifically induced

" loss of heterozygosity at the TX locus, but not point mutations or other small structural changes, These resnlts indicate.

that MCLR had a clastogenic effect, We discuss the mechanisms of MCLR genotoxicity and the possibility of its being a
hepatocarcinogen. - - ' R o ;

“© 2003 Elsevicr BV, All rights reserved,” . = - - 0 R TP

. 1. Intreduction L S [1,4] and someétimes have had adverse health effects on
S R humass through contaminated residential water sup-
Water pollution by cyanobacteria (blue-green algac)  plies [5,6]. o o
causes serious environmental and public health prob- * Microcystin-LR. (MCLR) is the most toxic micro-
lems in scveral areas of the world | 1-3]. Some genera, cystine. Only 1-2 pg MCLR given infraperitoneally
- such as Microsystis, Oscillatoria, and Anabaena pro~ is lethal to mice, with most accomulating in the liver
duce microcystines, cyclic heptapeptides, with potent  [7,8]. While MCLR hepatotoxicity has been well
hepatotoxic activity. Fifty different cyancbacterial mi- . . documented. in vitro and in vivo [9-12], few reports
crocystines have been discovered, They have caused * describe its genotoxicity. MCLR is not genotoxic in
the death of fish, birds, wild animals, and livestock  the Ames fest, although cyanobacterial extracts are,

T Comesponding authar, Tl +81-3-3700-1141x434; R e e
- fax: 481-3-3700-2348.. . . . - . . e e PO
Fomail addrasst bopma@aihs.gojp (M, Honmaj. . . tation and degradation in mouse liver in vivo [14,15).

1333-57isfs - ses front matter © 2003 Klsevier B.V. All rights eserved.

doi:10,1016/].mrpentox.2003.09.006
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2.1 Cells culture and chemieal tregtiment -

St

. To.cvaluate the in vitro genotoxicity 6f MCLR, we

‘used the in vitro micromucleus (MN) assay and the

o L. Zhan et al. /Mutation R&\f@rﬁ 187 (ﬁéﬂq) -5 L

- Briefly, approximately 10 cells suspended in hypo-

thymidine kinasc (7K) gene mutation assay.on treated

human lymphoblatoid TK6 cefls 16,17}, The 7K genc
mutation assay is capable of detecting 2 wide range

‘of genelic damage, including gene mutations, large’
svale chromosomal changes, recombination, and ane. . |
“uploidy. Most of the changes ‘occur in human timors |
and are presumably relevant to carcinogenesis, Use of

‘a human cell line makes this genotoxicity evaluation

appropriate for human hazard evalvation. Molecular .

.~The. TK6 human lymphoblastoid ‘cell’ line - Has
. been described previously [18]. Cells were grown -

tonic KC1 solution were incubated for 10 min at room

temperature, fixed twice withice-cold fixative (glacial

_ acetic acid: methanol, 1:3), and then re-suspended
- i methanol containing 1% acetic acid. A drop of

the suspension was placed on a clean glass slide and

dine arange solution and immediately obscrved with

- -air-dricd. The cells. were- stained with 40 pg/ml acri-

- -the aid. of an Olympus model BX50 fluorescence mi- - -

croscope equipped with a U-MWBYV band pass filter,

At Jeast 1000 iniact interphase cells for cach treat-
ment Were examined, and the cells containing MN

were soored,. .1l

- 23 TKgenemumtionassay -

* . The TKS cell cultures were maintaincd for 3 days

after exposure to permit expression of the 7X de-

ficient phenotype; To: isolate: the 7K deficient mu-

tants, we seeded cells into 96-well microwell platos

&t 40,000 cellsfwell in'the presence of 3.0pghnl tri- .

in ‘RPMI1640 - medivm’ (Gibco-BRL, Life technol: - fliorothymidize (TFT). Ceélls from each culture were

- ogy Inc, Grand Island, NY) supplemented with =
 10% heat-inactivated horse serum (JRH Biosciences; | * ¢ deiermingiion of plaring efficiency (PR, ALl olate
Lenexa, KS), 200 ug/ml sodiura pyruvate, 100 unitim] : pating emcncy (PE). Al pla

. penicillin, and 100 -pg/ml streptomycin. The cultures

were incubated at 37 °Cina 5% CO; atmosphere with .
-100% humidity and maintained at densities ranging . -

from 105 to 105 cells/ml,

 MCLR {Cas'# 101043-37-2). was porchased from

Wako Pure Chemiical Co. (Tokyo, Japan) and dis-

solved in phosphate-buffered saline just before use. .

Prior to their exposure; the cells were cultured in
. CHAT (10/:M deoxycytidinic, 200 uM hypoxanthine, .
0.1 pM aminopterin, 17.5pM thymidine) medium

for 2 days to reduce the backgrotnid mutant fraction.

Cultures of 20ml at 5.0 % 10% cclls/o] and of 50 ml

for survival estimates.

2.27 MN qs;féy

" Forty-eight hours afier exﬁésur_e,"tl_le_ 'M}_Ira's.say_
samples were prepared as previously reported [20).

2.4. LOH analysis of TK rmitanis -

‘ - Genoﬁc DNA wés cxtfactcd -ﬁ'om TK mutzant célls
and used as a template for PCR. The PCR-based

. LOH analysis at human 7K gene was. described

* previously |19], Two sets of primers wete used to - -

. amplify the parts of exons 4 and 7 of the 7X gene
contzining frameshift mutations. Another  primer
set for amplifying party of the B-globin was also

89

- mutants.

preparcd. Quantitative-multiple - PCR.‘was" subjected-
to co-amplification of the three reglons and qual-

~ify- and . quantify- the' PCR products: They - were

analyzed with an ABI310 genetic analyzer (PE

 Biosystems, -Chiba, Japan), and classified them ‘nto

non-LOH, hemizygous LOH, or homozygous LOH
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RSG concentration-dependently, but- did -not siguifi-
canitly alter RS. S

g

Exposireto MCLE foe 74 i b MN 30
. TK mttion in a concentration-dependent manner
(Fig. 2). The maximum induction of MN-and 7K' -

a
=

[ 5]
[~

—Jj o "
0 20 4 6 8 0 20 40 60" &
T Comenmaiion gty . mutations were 4.8- and 5.1.fimes the control values.. - -

" e—4RSGand ©—oRS (%)
: e; 28

Fig'1; Cytotoxio Tesposes representéd by RS mad relative cell - generuted, Normally growing (NG) mutants grew at

| giowth (RSG) of TK6-cells reated with MCLR for 4 of 24b. - yha came rate as the wild typecells*(dmbling' time
S : : ‘ : : 13=17h), and slowly growing (SG) mutants. grew. . - .

S U T e slower rate (dowbling time >21 h). NG mutants
-3, Results -~ . = . e o - result mainly from intragenic mutations, while 3G . - .

3.1. Cywotoxic response o MCLR .~ - TK gene. The proportion of SG mutants increased in. .
T e MCLR induced mutants, suggesting that MCLR was -
‘TR cells were exposed to-verious doses of MCLR. - clastogenic. . o

for 4 or 24 b, Fig. 1 shows cytotoxic résponses; relative - R i S

survival (RS) and relative suspension growth (RSG), - 3.3. Molecular analysis of TK mulants

which s relative cell growih during 72K aftr expo- 1 L T o T
sure.ExposuretoMCLRfor4h-didsigniﬁcantlyaffcct, .. Spomaneously arising and MCLR-induced 7K mu-
" RS or RSG. Exposurc for 24h, bowever, decreased - - tants were isolated independently. The MCLR-induced -

s -
B

- M/1,000 ce!

ST 0 200 40 60800 T Do lioT il
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% of $G mutants
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i
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i
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o Mutant frequency (X109

S

. Fig. 2. MN induclion' {a), mutation frque

i ﬁcy a ﬂ{ Jocus &) n.nd percél_mge 6:( slowl'f g.rowmg (SG) mulanls (c) among.fl(-dcﬁc‘iem B
mutants teated with MCLR for 24h. ool T o S )
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. mice in.Vivo,. it seems less toxic in vitro, particu-

larly in non-liver cells. That may be because cyclic

tnost cells including bacteria, and 2 specific fransport

| heptapeptide microcystines dc not generally perictrate.

| .systein may be required [25]. We used 2 parameters

to estimate MCLR cylotoxxcty—RS and RSG. RS is

' relative plating efficiency just afles exposure, while:

RSG is relative cell growth for the 3 days following

' say, MCLR elevated not ‘only the frcqucncy of mu-
_ _tants, but also the fraction of SG mutants, snggesting:

~_exposure. RSG exhibited stronger response than RS,
‘ suggcstmg thiat MCLR has an mhibltory cﬂ'ect omeell -

that MCLR induced predominautly pross structural

esis. Most of the ﬂ( mutants indwced by MCLR were

o 1he result of LOH while the fraction - of non-LOH

A(humozygous LOH) [18 !9] Boﬁl mechanisms in- |

volve the répair of chromosomal double strand breaks -

mate recombination and mitotic non-dlsjunchun i26).

- (DSBs), cither non-homologous end-joining and ho- -
" mologous Tecoinbiration (HR), altkough their reg- -

. ulation- and role have not been clarified [27]). Other -
" irechianisms may be involved, too, including illegiti- .

" DSB-inducing agents, such as. ionizing mdlauons, R
. effectively produce LOH mutations through the repair
pathways [17,18). MCLR -clastogenic- activity. ‘may

also involve DSBs. Honma snd Little [28] demon-

strated - that. l:-O-wtadecanoyl-phorhol-l3—ac:tate_ .

(TPA),  which i the mest active tumor promoter

known, preferably induces homozygous LOH through - - - -

HR. MCLR also has tumor promoting activity; like

the' tumor promoter Okadaic acid, it inhibits protein

phosphatase types | and 2A [29] A cyanobactcnal

toxin, - nodularin. which also - m!ubxts proiem phos- . .~

phatases 1 and 2A with thc seme potency as does

rather than a tumor promoter [30]. ‘The genotuxicity

 of nedularin, however, has not been cl,eai'.'MatSﬂshima

~MCLR ‘has been recognized as rat liver carcinogen . . -

91

¢t al. [31] demonstrated that MCLR promotes rat liver
cancer initiated with dicthyl-nitrosamine. The tumor
promoting activity of MCE has been also shown in'a-
two- stagc transformatlon assay m vﬂro usmg Synan

by M(..LR through recombmauon may be associ-

ated with its tumor promoting activity, It is reported:
that 0kadaic‘acid i!iduce's minisateliite mutatior in

.................................

tarpet organ for MCLR mrcmogerdmty Further stud- |
ies using livér cells-and fissués are rr.quued o clarify ~ -

the mechanisms of MCLR gcnotomcrty in ﬂ:ue lwcr
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 "80pgiml for 24,

and proportion of SG mutants by the treatment are -
‘shawn in Table 1, We used PCR-based LOH analysis

of genomic- DNA: from- TX mutants to classify the

and homozygons LOH. We analyzed 58 spontaneous

5G type (Table 1). Every 8G mutant was a result of

: 'LOH rcgardless-of the treatment, spggesting that SG

mutants were always associated with gross genetic

Tabled o
Cyrwtoxic and mutstienal response 1o MCLR® and LOH amalysis of TX-muiants o ‘
‘ TM@mt L o ._C)ioth_ichrinlimﬁla't.ioml'r'emnnse‘:_. o N VLOH-apdﬁi},?:-mg‘me' PR
‘ C BSG (%)  MP(x10%) %3G No. mnalyzed - Nope . . - Hemizygous Homozygom -
R R Rt
* Spontenecus 100 219 . . S6. 56 S o
T B Co 19 14 (74) 3(16) S
SG mutanty. . 7 0@ e 28 (76)
" MCLlR-induced . 326 - - 112 - - 80 36 L A
NG mutante : ’ ‘ 9 4 (44) 5{56) L Z () S
_ SOmwtants - - 0 oo i3 S 00y . 103 .. 176

were non-LOH (74%) and bomozygois LOH (76%),

. trespectively. Fig. 3 shows the spectra of spontaneous

- and 36 MCLR induced X nwtants, including NGand .~~~

-changes, Among the MCLR-induced mutants, 56% of :

NG mutants and 100% of SG mutants exhibited LOH, -

" Every LOH in the NG mutants was hemizygous, and

. MCLR-indused
(B0 Wi, 24 h).

' Spnrimﬁgnns L

MCLR (80 ggfml, 24h} induced 7K mutants in TK6 celle. The

4, Discussion

- Although MCLR causes scvere hepatoxoxicity in

and MCLR-induced 7K mutarits in TK6 cells, which

metabolic activation, although pure. MCLR ‘did not. -

- Tsuji et al. [22,23) also failed to demonstrate MCLR

genotoxicity in thc Ames-assay. On the. other hand,

MCLR has some geriotoxi¢ effects: in mamumalian

. vells. Ding et al [13] observed DNA damage in pri-

mary rat hepatocytes in comet assay, and Rao and
Bhattacharya [14] found that MCLR could induce
DNA fragmentation and strand breaks in mouse liver
in vivo, Two studics reported the induction of chromo-

- some aberrations and gene mutations in mammalian

 fraction of each mutational event was caloulated by considering the -

ratio of NG end SG mutants and the sesvlt of molecular analysis
(Tab.le".l}‘.': .

92

cells [15,24],

. Our present study clearly demonstrated the in vitro
genotoxicity of MCLR, which induced MN forma-

 tion as well as gene mutations in human cells. A 24 h'

treatment Was required, however, to express the cf-
fects. Although MCLR is toxic and highly lethal to -
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- Compared 1o the partial hepatectomy method most oommunly

- 'uged for the liver mitronuclens assay, the present assay method

. showed equal or even higher practicability. The young liver
micronueleus assay was also characierized for rat strain differ- .

" ences, snmpllng time afler tecaument, smg)e ueatmcm vs, sphl

gcneu
Rome

search

s{ps Rescarch Ioe., Nagano: 'The(‘ollabomuve.‘ﬂudy Group of the M:cmnuﬂcu& Test- :
Marimalian Muregericity Siudy Groupdlapernic Eavinonmental Mutn:cn Soclety; cDivision of Geneties and Mum:nmn. ..
Nationa! Institute of Heslih Sciences, Tokye (Jnpan} - R

‘acceplable pmtccol for the raicronucleus assay- usmg young ‘rat

+ liver-as I'ollows. Upto 4-waek-old rais should be used; pral or . - -

treaunent protocols can be applied; ﬁamplmg time is 3—5 days .

after the last treatment; hepatocyles are prepared by the colla- -

genase perfusion method; and cells arc atamad wath the AO- :

DAPIdoub]c staining mcthod.. L

M:cmnﬁclcuq éqays . have been 'éndcly 'perfoﬁnod u;f.ing ‘
honc marrow cclls lo assess the claslogcmc potential of-chemi
cals in vivo. Since bone marrow (BM) is one of the continuously

. prolifcrating tissues in aduh ahimals. it bas been uged g% 6 com-
" mon'larget organ for cytogenétic studies, However, it is well

knuwn lhat some compounds need metabolic activation in lhe

a negative response in the BM micronucleus assay (Morita ot

. al,; 1997); 1t may be considered that some activo metabolites
bave a very short lifeepen end do not reach the BM at sufficient

, thcw:d 22Au;ust 2003; mmm:m mqstrd 15 D:,cc_m_bcr mox ' e

concenlrations {o induce mictonuclel, In fact, some. rodent liv-
cr cnrcmogena, mcludmg dl-alkyl-aaxtmsammas, mlru nrnmat:c

Requast seprints from D, Hiroshil Suzuki, In Rescich Inc.
2140133 Nighiminown, Ina-shi, Nagann 399-4501 [Japan) .
tejephont:+8)-265-73-88) 1z Tan: 48] 26‘—73—!612
o-mu'l. k- suzuh@‘lm-mtmhm iy

eompounds. and 120 dcrl vatwcs, gave negatlve resuhs ina B\a!
assay (Angelosanto, 1995). 1t'is worthwhilé, therefore, to con-
‘sider the sclechon ofother organs for evaluaung genmoxlcily of

* gens. The use of suitable organs for penotoxicity determination
it also recommended in the guidance proposed by the Commit- .
tee on Miitagenicity of Chemlcals in Foud, Consomer Products - -

ind the Environment (Commitice on. the Mutagenicity of

.cbem’ca]g' QM} .............................. '

In recen! years vanous mveshgalors havc lncd to dcvclnp a

tectomy (PH) before or afier chemical freatment for the liver

- micronucleus assay, The divisian of hepatoeytes is stimulated -
A by PH and positive responscs were obtained in induction of
- micronuclei in liver cells after treatment with ljver carcmogens :

that gave negative resulls in the BM sssay, Other investigators

. also cvaluatcd the chctmcal ulaslogcmctty polentialin the liver
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micleus assay.

- 8558y, ond 2) it has been seported that cylochrome P450, sty
- _rene MON0-OXygenase, epoxide Kiydiolasé, ahd glutalbione-S-

epoxide transferase activities decreased by 50, 35, 50, and 35%,

respeetively 12 b after P13 (Rossiet al,; 1987), -+ - - -

(50 mefkg) once and slide proparatians were made on the 5th day aRer treat.
ment o5 withthe dose-response assay, -~ - - :

 Adininistration route diference and treatwient imes

A-weckenld F344 raits were Trented by pavage or in(nymitnnéll;i with, .

DEN ance st 40 mprkg or twice al 20 mgrkg wilh 4 24-hour interval. Hepaio.
cytes were isnlated 2-5 daysafter the lusl Areatmen, e
- Preparation of hepatocyres : . '

- Hepatoryles were isoluted from anestheiiced rets by the collagenase per

- fusion method, rinsed with 10% neutral buffered formutin 2 or 3vitmesang -

centrifuged mt 30 .9(300 pm) for | min (Clict et al,, 1989). Hepatneytes were

- -suspended with (0% neurfal boffered formalin and stored jn 2 refbgeratnr

- were suspended with 10% newtrnl buffered
- ¥ivo; hepatacytes were collocted and primary cell cultores wers :

established with growth factors before cell harvest for slide

~_preparation. (Sawada.ct al., 1991). Howcver, this in viverin

vitro methad is Jabor-intensive, costly and time consuming;

 thus it has not been used as a routine method to evatiate chim

ical clastogeniiity i the livér,

The use of proliferating tissue is a prerequisité for the micro. -

. nucleus aseay, In 4-week-old rats; the hepatocytes are séill pro-

liferating, and. the percontage of S phase cclls is more than 40

times higher than in adult rat liver (Parton and Garriott, 1947).

Sipes and Gandolfi {1993} reported that P450 levels reach a
maximum’at 4 weeks of nge in (he rat, Considering these pofnts,
we developed and evaluated the young (4-week-old) rat liver
micronucleus dssay, Weused diethylnitrosamine {DEN), which

is 2 well-known rodent liver carcinogen, a8 2 mode! compound.

{Morita. et al., 1997), but posiive in the liver micronvcleos
assay using the PH method (Tates et al., 1980), This paper

investigations of technical points in the young tat flver micro-

. Watorlals and mothads. -

CAnimals . . . T L . 'i'
- -~ Male Fischer 344 (F44) unid Sprigie Dawley (SD) rids were-purcha
from Charks River Japun, The animals were housed under a | 2-hour light.
dark cydend allowed free accessto food and water,

) C’n‘l?‘l}_m’.‘ .
Dicthyinitrosamine

Wako Pure Chemical Industrics, Ld. (Ogaka, Japan). DEN wuis disiclved s

phwiniuglcatmﬁncs‘wnedimplybefoqe;reatm_emand;iyenoncqor-lwicgby . . U e .
7 [AO-DAPIdouble fligrescent sigining

intreperitonesl injection or gavage 1o rats.. . S
- Comparison of the young rat iethed with the partivl heputeciomy (#4)
L . - . . L .

*" F3440r SD rats were treated orally with $0 mp/kg of DEN ot 3 or 4 weeks
of age in the young sut method, and at 6 wecka of #ge in-thé PH methad, I

mient, and peripheral blood samples were collecied and supravitatly siained

- with acridine orange fAD}-unated sdides (Hayahi ef al,, 1950) before ind 1,
© 2,nnd 3 days after treatment. In the latterethiod; PH wis performed 7daye
afier tresiment, and Uhe slides were prepared 2-5 days ni_lcr AL

. ‘Dasedependency and age effact - . - :
- DEN at dose lovels ©f.12.5, 25, snd 50 mp/kp was administered 10 4-

tignte the effect o age, F344 rats a1 3-9 waeks of age were Ireated with DEN

n Cylugenct Genome Res 104:399-301 (2004).

""" until anlysis: In the case oF PH, two-third; of the tvier wis rimoved acourd-

g L0 the published method (Higwins und Anderson, 1931), The hepatocyles
fortmalin, and kept in b refrigéra-

‘tor omll apalysis; - e -
. Micowogrand mictonwcleis deveritnaion.

- Immediately ‘prior 10 ahatysis, 10-20'4] of hepatocyte suspensicos were
mixed with an equa) volume of AC-4 6-diamidino-2-phenylindole dihy-

.dnwcn!oridq|DAI_’I)mi'a_aqlulinn_fqtﬂuurcumlmkr\mwy.-'l‘hur\()-b»\?l,' -

. stuin sofwtion contains one part of 500 pp/miaf AQ nguesus soution and one

pan of 10 pg/ml of DAPI aquecns solution.. Approximattly 10-20 ul of

staincd hupatocyle suspension was dropped omo. 3. glast slide und covered

with o covendip 24 = 40 mm). ' ‘ . _
' Hepatocytes wire analyzed under a fluoreseer microseupe (x400 ar

higher) equipped with 4 LV

cleated hepatocytes (MNHEPs) whna recorded based on matalysis of 2000

hepatocytes {in two fickds) from tach animal, In Recorgance with the meihe

, ods of Bruithwaite und Athby (1986) and Clict ct 4, (1989), the following

. DEN was negative in the conventional BM micronucleus assay

" describes the camparison of the PH and young ray methods and:

classification eriteria for MNHEPs were used: Round or distinet micromuche] -
staincd Witk thie seme éolor as the nucle, with dianteters of 174 or lesy that of -
the'main nuclel, The number of miitotic colls wis aiso counted in 1000 hupa-
tocyles in each animn) to Setermine the mitotic index M) for administra- -
tion Kiule or tressmen time differences. Mitotic cells wers defined as cllsar -

any stage from prophase 1 telophase.

- ,Pﬁu’_&bwf b!wd mf&mm’éﬁanﬁf . o . o :
* $-10ylof peripheral blond samiples were collocted from the (ail veinend

- dropped on'AQ-coated slices (Huvushi of al,, [590), covered with a covenlip

and stored overnight in g refiigerator until analysis. Retfcylocytes supraviigl. -
ly srained with AO were analyzed undec o flunrescont microsenpe (x600 o

- higler) equipped with » Blue Fight excitulion system, The numbier of micris

sugleated fevicilocytes (MNRETS) was recorded by evaluation of 2000 serie-. -

ulneytes in wo ficlds per lnimal..

- Matistical analyvis . E ‘ e . ‘ .
The incidencss of micronocieated Yepatocyies or-eliculocytes were ang- -

j1m-«.l_siu{htlully‘byus{ntx;sténhaqm'sapd'suwman‘slabkg(xna_lcpbnum S

(DEN, CAS No, $5-18-5), wis pwichascd from

atid Bownian, 1970).

‘Resulte

Figure 1 shows fluorescent microphotographs of nuclei in -

‘Young rat hepatocytes stained with AO alone (Fig. 1a), DAP]-

. the former rethod, stide preparations were made 2-4 days efcr single treals ©

. wech-oldrate, end heputocyles were isolaled $ deys aflcrtreatment, To inves. .

Compared 10 AQ ot DAPI alonie;

alane (Fig. Ic), and combingtion of AQ and DAPI (Fig. 1b).
Lhe doublc staining allows .
better distinction of micronuclei and cytoplasm. :

- Comparison of the young rai method with the partial

hepatectomy method

Fig. 2. Both methods revealed significan invreases in the pum-

.bers of MNHEPs in comparison with concurrent controis. The -

I'reducncic_s of MNHEPs in young rats were generally higher

95

.~ The results of the agsay with DEN ar 50 _mg.fk.g ;\re:sﬁown' m o .



Fig. 1. Fluorescen microphotographs of he-
petocyte puclel from young:rais stainod with (e) -
AO alone, {b) & combinaiion of AQ and DAPL
snd {¢) DAFI alone, .

. Ratio to control value ®. -
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. Fige % Frequénties nf MNMEPE (nicionudleif1000 bepatocytes) 210 8

- doys after adminisirdtion of 50 mg/kg DEN 10 {s) F144 tats and (k) W0 ms
in the young 121 melbod and PH methud. Mexn of 4-5 animals. ® F <005,

.= P20, significumly different from the concurrent solvent comrol. . . . .

peripherat blood at any treatment (ime in either F344 or 5D
rats(datanotshown), .-~ o T
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| . Fia.2, MNHEP frequencics (cvaluationof 2000 hepatocytes) § ‘iny'sdaef. o

sdminisivation of DEN (12.5, 23 and 30 mg/kg) 10 FA44 rats {column with

. standard deviation bar). Body weight (BW) goin was anly margingllyaffected -

allhehlylendose ........

. Dﬁsédéﬁqndehéyand&géeﬂéa_. : Sl o .
The MNHEP frequencies afler administration of DEN

(12.5, 25, 50 my/kg) to 4-week-old F344 malc ats increased

" dose dependentty and reached approximately 9- to 20-fold the
concurrent solvent control (Fig. 3): During this study, the rate

. of body weighl gaii wes only marginally decreased at the high-
est DEN dose. The MNHEP frequency after 50 mg/kg DEN

administration. 10 F344 rals ‘aged between 3 and 9 weeks ~

decreased agc-dependently, with the highest value (2.3%) at 3

Rouie difference and ireatmeni ifmes -

To determing the influence of udministration route, DEN

was given either orally ot intraperitoncally to 4-week-old F344

" rais. MNHEP frequency was similar for hoth routes, 2-5.days .

after single (40 mp/k) or the seeond tredtment for a split-dose

© {2 %20 mg/kp) vegime (Fin, 53, b). The MNHEP frequency - -

" incredsed depending on thie lime aflec DEN tréatment (up to 3
. days). On days 2. 3, and 4, split DEN dosing resulled in higher

“MNHEP frequenéies compared 16 the single dose protocol.
Mitotic cells were observed in 1.2 £ 0.30% t0 1.5 & 0.74% of
. cclls in the solvent contro) group $ days afler treatment, and in

Crtogenet Genome Res [0F209-303 3000, T
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weeks of uge, end lowest (0,17%) at 9 weeks of age (Fig. 4). -~ -
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:a '4”5.:1.:: cont 2
 Age of FIA4 rats (woeks} -+

. . Hg. 4 MNHEP frequencles (evaluation of
2000 hepatocytes) afier adminisuation of 50 me/
kg DEN to F344 rats uged Ytn 9 weekn, Dara aye -
the mean of fve animals. with standued duvio-
tion. : : : :

072 0.21% 10 1.7 % 0.68%af céll in the DEN group(Fig. éa,
- b). The incidence ol melaphase cells tended to be lower after

1996}, In these studies, the PH method, thie chemica) mitogens
“method; und an {n vivo/in vitro method have becn applied to
assess micronucleus induction in livey cells. These methods
‘ave been vsed on a cuse by case basis, but they have not becn-
used routinely for evaluation of genotoxicity of chemicals,

- Same crificisms of these methods are 1) introduction of abrior-.
mal physiclogical conditions {e.g., PH method), 2) increased

- unknown factors as a resull of intefaciion between test chemi-

~method based on proliferating activity of liver-cells in young

fals up to about 4 wecks of age. Although the method using

. young rul Jiver was reporicd by Parton and Garriott (1997), it
hias not been well characterized and evaluated,

302 ) ‘ Cyiogenet Gename Res §04:209.-103 (2004)
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" Days-after the fast realment
. . Fig.. B, DEN:induced MNHEP frequency
(cvaluation of 2000 hipatocyics) 2 1o 5 days after
& 5ingle 40 mg/kg dose or two 20 me/ke doses 24 b
apart, in 4-week-o0ld F344 rata by {) gavage or (b)
intraperitontal injection. Results are the mesn of peritonea) injection, Results are the mean of five

five snimals with slandard devistion.” . . . e

" genoionicily that may occur in'the liver, -~ - .
. -As shown in Fig. 6, we confirmed that there were many -
- mitotic cclls in the liver of 4-week-old tats, The mitotic index .

- Mitotic index (%)

LR

-+ Fig.8 Frequencics of milotic indexes (evalua-
tioet of 1000 hepatocytes) 2 to $ days aftera singlé
40 mp/kg dose or two 20 me/kg doscs 24 b spart in
4-wock-0)d F344 rats by (a) gavage or (h) Intra:

inay cause damage 10 the 1arget cells, Therefore, we propose to

use the present method as 2 100] for evaluation’ of chemical

(M) observed in the present study was comparable to thay
- Feported by Parton and Garriott {1997), As shown in Fig. 4, the

incidence of MNHEP decreascd with the age of the rats, This

can be explained by an age-related decrease in proliferation of

“ hepatocyles and dilution of the cells with micronucle; with. '
undivided normal. hepatocytes, This phenomenon. was also -
observed in the PH method; The M1 in cegencrating hiepato- -

eytes is 3.6% and decreases below 1% at 72 b after PH.{Gri-

- sham, 1962; Parton and Garriolt, .1997). To restrict the ¢cll-
population to dne ccll division after treatmont, co-tredtment”

cal-and cytochalasin B. Thercfore we beljeve that it is accepin-
ble (o perform the assay without co-ireatment of cytochialasin B -

as long as rats at 4 weeks of age are used,

with 3 test substance, nor sétting vp of primary culture that slsa

- * . The AD-DAP ﬂéin_ingmethud.\\fhil:h_Wasorjginally‘devels-.- :
oped for the testis micronucleus assay (Noguchi, 1997), was
“efficient for analysis of micronieled in eytopldsm, of hepato-.
cywes, This novel staining method gave clearer distingtion of



