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Effect of hyperthermia on the micronucleus induction
in mice
Shougo Asanami and Kazuyuki Shimono

Otsuka Pharmaceutical Factory, Inc. Naruto Research Institute
115 Tateiwa, Muya-cho, Naruto, Tokushima, 772-8601, Japan

Summary

We investigated the time course of micronucleus induction by hyperthermia in the
mouse to speculate on the possible mechanism. The hyperthermia was induced by
ambient heat (37C for 4h). Statistically significant increases in micronucleated
polychromatic erythrocyte frequencies were observed from 9h to 48h after the start of the
hyperthermic treatment. The ratio of polychromatic erythrocytes to total erythrocytes
remained almost constant. We also examined whether repeated hyperthermic treatment
(37C for 3h) for 4 days can induce adaptation to micronucleus induction in mice.
Statistically significant increases in micronucleated reticulocyte frequencies were obser-
ved from day 3 to day 6, the frequencies for those 4 days were not, which tended to
decrease slightly, significantly different from each other. The results suggest that heat
effect is not likely due to erythropoietic stimulation but might be due to disturbance of the
mitotic apparatus, and repeated hyperthermia did not induce adaptation to micronucleus

induction in mice.

Keywords - Micronuclei,
course study

Introduction

The micronucleus test, an i wvivo short-term
screening test developed by Schmid (1973 ; 1975)
and Heddle (1973), is widely used to detect
clastogens and microtubule poisons (Mavournin et
al., 1990 ; Hayashi et al., 1994) . It is therefore impor-
tant to clarify test conditions that might affect the
results.

We reported previously that hyperthermia and
hypothermia affects micronucleus frequency in mice
(Asanami and Shimono, 1997a :1997b : 1997c,
Asanami et al., 1998) . We demonstrated in mice that
body temperatures of 39.5C or higher for more than
30 min induce micronuclei and speculated that one
possible mechanism was disturbance of the mitotic
apparatus (Asanami and Shimono, 1997a). Ford
(1997) noted that hyperthermia and hypothermia
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body temperature,

mouse, repeated hyperthermia, time-

are one of the factors that can induce aneuploidy,
and the suggested mechanism is disruption of
microtubule polymers. Our reports suggested that
micronuclei can be induced in mice not only by
chemicals but also a drug-secondary effects, such as
hyperthermia or hypothermia.

In this paper, we demonstrated that the time
course of micronucleus induction by hyperthermia
is consistent with that mechanism. On the other
hand, Cai and Jiang (1995) reported that mild heat
treatment (41°C for 1h) can protect animals against
cytogenetic damage caused by subsequent X
irradiation. No published studies have examined
adaptation to micronucleus induction by repeated
hyperthermia. We investigated that effect in this
paper.

Materials and methods

Animals

Six-week-old male ddY mice (SPF) were
purchased from Japan SLC, Inc., and used at 8-12
weeks of age. The animals were housed up to five

71



per cage in transparent plastic cages with a
controlled environment of 55=10% relative
humidity (RH) and 23+2C with a 12:12h
light/dark cycle. They were provided food (CRF-1,
Oriental Yeast Co., Tokyo, Japan) and water ad-
libitum.

Hyperthermia induction and micronucleus test-
ing

a. Single treatment (bone marrow assay)

Groups of 3 mice were exposed to 37C at 29.3+
1.5% RH for 4h using a hot air sterilizer (LCS-120,
TABAI ESPEC Co., Japan). The mouse bone mar-
row micronucleus test was conducted to investigate
the time course of micronucleus induction by the
single hyperthermic treatment. Bone marrow cells
were sampled 0, 5, 9, 16, 24, 48, 72 and 96h after the
beginning of the hyperthermic treatment. The slides
were fixed with methanol, stained with acridine
orange (Hayashi et al., 1983), and coded. Micronu-
cleated polychromatic erythrocyte (MNPCE)
frequencies among 2000 polychromatic erythrocytes
(PCE) were recorded per animal. The ratio of PCE
to total erythrocytes, based on 1000 PCE per animal,
was also recorded.

b. Repeated hyperthermia (peripheral blood
assay)

Six mice were exposed to 37C at 29.3+1.5% RH
for 3h per day for 4 consecutive days using the hot
air sterilizer. The hyperthermic treatment started at
2:00p.m. on the day 1-4. The mouse peripheral
blood micronucleus test was conducted to investi-
gate the changes of the micronucleus frequencies
induced by repeated hyperthermia in the same
animals. Five u/ peripheral blood was taken from a
tail vein at 11:00a.m. on the day 1-7, and stained
supravitally with acridine orange (Hayashi et al.,
1990 ; CSGMT, 1992). Micronucleated reticulocyte
(MNRET) frequencies among 2000 reticulocytes
(RET) were recorded per animal.

c. Measurement of body temperature

Rectal temperature (‘C) was taken with a thermis-
tor thermometer (MGA3-219, NIHON KOHDEN
Co., Japan) ; the probe was carefully inserted into
the rectum to a depth of 1.5 cm and the temperature
read about 10 sec later before and after hyperther-
mic treatment.

d. Statistical analysis

Statistical analysis was performed by comparison
of each group with its control group using the tables
of Kastenbaum and Bowman (1970) for micronu-
cleus frequencies, and Dunnett’s test (1955) for the
ratio of PCE or RET to total erythrocytes.
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Fig. 1 Time course of micronucleus frequency in mice
treated at 37C for 4h.
Statisitical analysis was performed by comparison
with time 0 (non-treatment animals as control)
using the tables of Kastembaum and Bowman
(1970).
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Fig. 2 Effect of hyperthermia on the ratio of polychro-
matic erythrocytes to total erythrocytes (%PCE).
Statisitical analysis was performed by comparison
with time 0 (non-treatment animals as control)
using Dunnett’s test (1955).

Results

a. Single treatment (bone marrow assay)

The mean rectal temperature of the groups
subjected to 37C for 4h increased to 40.5-41.7C
(data not shown).

Fig.1 shows MNPCE frequencies following
hyperthermic treatment. The MNPCE frequency
showed an increase at 9h and peaked at 24h after
the start of the treatment. The frequency decreased
gradually and reached background level at 72h.

Table 1 Effects of repeated hyperthermic treatment (37°C for 3h) for 4days on micronucleus frequency in

mouse peripheral blood

Day N Rectal temperature (Mean=S. D., C)

% RET MNRET based on 2000 RET assessed per animal

pre-treatment post-treatment Mean+S.D. Individual animal data Mean=S. D. (%)

1 6 37.840.6 39.710.4 5.95%+0.76 4, 1,2: 4, 2,3 1.3+0.6

2 6 38.00.2 40.7%£0.5 5.60%=0.55 1, 2,4,2,2 1 1.0+0.5

3 6 38.1+0.3 40.4+0.3 5.33+0.55 15, 8, 8, 9, 6, 14 5.0+1.8**

4 6 38.0+0.2 40.2%+0.4 5.85+0.49 8,4,12,7,8, 6 3.8:1.3""

5 6 = = 5.5541.01 9,5,10,11, 9, 6 4.2:51.9*#

6 6 = == 4.61x1.:11 8,4,10,5,9,7 3.651.2*"*

7 6 =3 = 4.781+0.95 4, 2,5,1,3, 4 1.6+0.7

**, p<0.01 vs day 1 as control by table of Kastenbaum and Bowman (1970)

Statistically significant increases in MNPCE fre-

quencies were observed from 9h to 48h. The ratio of

PCE to total erythrocytes was similar at all sampling

times (Fig. 2).

b. Repeated hyperthermia (peripheral blood
assay)

Following each treatment, the mean rectal
temperature increased to 39.7-40.7C (Table 1).
Statistically significant increases in MNRET fre-
quency relative to day 1 were observed from day 3
through day 6, but the frequencies for those 4 days,
which tended to decrease slightly, were not signifi-
cantly different from each other.

Discussion

The mean rectal pre-treatment temperature (n=
27) was 37.6+0.2C . Hyperthermic treatment of 37°C
for 3 or 4h increased to about 40C in the rectal
temperature. MNPCE began to increase significant-
ly 9h after the start of the hyperthermic treatment
(5h after the completion of the treatment ) in Fig. 1.
Hayashi (1991) indicated that MNPCE peaked at
12h after a single intraperitoneal injection of
2.0mg/kg of colchicine, whereas MNPCE peaked
from 24h to 30h treatment of 1.0mg/kg of mitomycin
C, and also described that, in general, micronuclei
induced by spindle poisons seem to arise earlier than
those induced by clastogens. Therefore our results
are consistent with our hypothesis ; one possible
mechanism of micronucleus induction by hyperther-
mia is disturbance of the mitotic apparatus
(Asanami and Shimono, 1997a). Another possibility
is that the hyperthermia stimulated erythropoiesis,
which can induce micronuclei in mouse bone
marrow (Hirai et al., 1991 ; Suzuki et al., 1989).
Hyperthermia, however, did not stimulate erythro-
poiesis because PCE to total erythrocyte ratio were
similar at any sampling time (Fig. 2).

Because mild hyperthermic treatment (41°C for
1h) can protect against cytogenetic damage caused

by subsequent X irradiation (Cai and Jiang, 1995),
we examined whether repeated hyperthermia can
protect against micronucleus induction by subse-
quent hyperthermic treatment. The significant
MNRET induction was observed from day 3 in this
peripheral blood study because the transition time
from bone marrow MNPCE to peripheral blood
MNRET was reported to be about 24h (CSGMT,
1992). Based on counts taken day 3, daily hyperther-
mic treatment for 4 days induced no statistically
significant difference in MNRET frequencies
compared with day 4, 5, or 6, although a slight
decreases in MNRET frequencies was observed. In
addition, hyperthermic treatment (37C for 4h)
repeated for 5 days (mean MNPCE frequency
induced by this treatment was 11.7+4.6 %) had the
same effect on MNPCE frequency as single
hyperthermic treatment (data not shown). The
results suggest that repeated hyperthermia did not
induce adaptation to micronucleus induction in
mouse bone marrow.

In conclusion, hyperthermia induced micronuclei
in mouse bone marrow and the one mechanism is
more likely to be disturbance of the mitotic appara-
tus than erythropoietic stimulation. Moreover,
adaptation to micronucleus induction by repeated
hyperthermia was not observed.
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A set of tester strains for the determination of mutational specificity
in E. coli WP2uvrA with and without pKM101
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* Institute of Environmental Toxicology, Suzuki-cho 2-772, Kodaira, Tokyo 187-0011 (Japan)
* Environmental and Safety Department, Konica Corporation, No. 1 Sakura-machi,
Hino, Tokyo 191-8511 (Japan)

Summary

Two sets of useful tester strains (WP3101-WP3106 and WP3101P-WP3106P) derived from E.
coli WP2uvrA were constructed for the detection and classification of mutagens. Six kinds of F’
plasmid (lacl ~, lacZ ", proAB ") in strains WP3101-WP3106 carried a different lacZ ~ allele. Assays
for transitions and transversions are based upon Lac' reversion of a specific mutation located
within the lacZ~ gene on an F’ plasmid in the strains. Plasmid pKM101 was further transferred
to each strain to make a set of strains WP3101P-WP3106P. In any strain the trpE65 (ochre) allele
is available for the Trp* reversion assays which is commonly used for mutagenicity test with the
WP2uvrA strain.

Using the new tester strains, the mutational specificities of 1,2-dibromo-3-chloropropane and
cumene hydroperoxide were investigated. In the presence of S9mix, 1,2-dibromo-3-chloropropane
specifically induced G:C — AT transitions. Cumene hydroperoxide induced two types of trans-
versions, G:C = T'A detected in WP3104 and AT — T:A detected in WP3105, with G:C = T:A
predominating. In pKM101-carrying strains, all 6 types of base substitutions were induced by
cumene hydroperoxide with different efficiencies. The frequency of predominant G:C — T:A
transversions was not affected by the introduction of pKM101, while that of other types of
transitions and transversions were markedly increased.

Keywords : transition, transversion, mutational specificity, pKM101, E. coli WP2uvrA
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N4, 2 RIEMERER (2 B AR EBR bR D8 E (2
W, hisG46=—A—2FORDIF NV ER TR
TA 1535 #k, TA 100 ¥kiZhnZ, hisG 428 v— 71— & §¥
SOHNELASEH TAL02 8, &H5\I3 trpE 65 7—71—
# L OKEE WP 2 uorA ¥k, WP 2 uorA/pKM 101 #&
DA RSN TS (Wilcox et al., 1990 ; Gate-
house et al., 1994 ; Watanabe et al., 1996). 457D
HbEDZ RE AT B RMEREZH, HRET D~
— A — 2B A EBTRE A RIRER Ny — v DR L
BRDFRBEICL > TRTEDEHEZLND,

hisG BIETFIIERF VU ARKRD ATP KRR K K
NPT R T7 27— EOWEEIETTHY, hisG 16
2—H—1269FKHDOT I /Eu A > (CTC) »7' 1)
Y (CCO) ICBEEDL-72I ALV AERTH % (Barnes
etal., 1982). 7’0 ) ¥ HiLna L ¥ VIR BHADIZ
», &)~ (TCC), T7=>(GCC), e 2F ¥~ (CAC),
2V A= (ACC) 1%L L T L BERIETEIMIEY 572
B, WTFNOBATYH Hist DERBAE L 7 5 (Miller and
Barnes, 1986 ; Koch et al., 1994). L 72%*~> T hisG 16
-—A—2HHOWKIZGC>T:A G:C~> AT, GC
- C:GD3IMHOERD TN EFRTHIERIE, ¥
Zbb GCHEMEMIENT 2EREORBICAENTS
5. — 1, hisG 428 =— 71 —=°, KW D trpE 65 V—
H— (trpE FF VT b 77 Y ARRDT » b 7 =)Vl
Ly —YORERIZT) TRT I/ BO—5aha
F o (TAA) ICERL T3, hisG 428 D3, TTDT
NF 3 (CAA) KEBHADIER, V)P (AAA),
o4y (TTA), £V ¥ (TCA) &Ll T HEEFKIG
BAmET 5. 2512, Fui v tRNABEF, VI ¥
tRNA #f&F, ZV7 IV tRNABEFDT v Fa k>
WAL 7Ty o —KR (#2GTA— TTA,
TTT — TTA, TTG > TTA DER) I & > T LEERIE
PEAE14E L T Hist H&EBiIRIZ7% % (Levin and Ames,
1986). KI5 Trp* DL RN AL trpE 65 DE
ROMEIREIN T W Wi, Mied 2 EERDIL
NAKIIAMTH S0, HRERDIEAI NS — (3
hisG 428 DA LRMTH 5. L1eh > T hisG 428 X
trpE 65 <—# — oWk G:C > C:G LA 5 1l
MOERN Y — DT EFRT LRI
HTHY, GCHIEMZFTE L AT HEIERI/ER
THERFELMINTE S,

SN L) ITEREHFERT D RBEROFFEIEZ WL
MTT B kU3, BREMERBRICET 2 HH L EkROM
R, RINERAEKR DNA BHED A =X L 2R 5 )
ATLEETHLEHEZ NS, bbUIINETK
WO P KW LD lacZ #i6 F12E L 2R ED N
JRRRER I LT, BRIFDORRELRZI T
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# AT L T &% 72 (Watanabe and Ohta, 1993 .
Watanabe et al., 1994 a, b ; Watanabe-Akanuma et
al., 1997). MwW72 KB idk (3 K-12 BRRHED 6 TR,
CC101~CC 106 ¥ (Cupples and Miller, 1989) T,
DNA (& e lE Rt Ic > W TIRHFER TH 22
9, RERWEERICRBISERIBER (uord) X)) K ZHH
ARKIBER (rfa) ZHA L TRBEKROKERZX > T
%x7: (Watanabe-Akanuma and Ohta, 1994). i IZ
I EREICHT S EEROEZE L E LA, 21T
LIS B HRHD WP 2 worA ¥kE W72 Trp* 1w
ERABR TR Z NS5 OEREUS OV THA D LT
DB A E o 72, ZHd K-12 Bk BRI
Mt oV (Nikaido and Vaara, 1987) < & % &%k
NEN—REHEZ b, £ 2 TEREMRER Tk
W LN TV S KB # WP 2 uorA BRI EGCoH F A
THBALT, HEKD Trp* ML RABRICMZ, Lac
FRERICE DRRERZART PVERTTHILDT
X 2 Wikk#{E® L7> (Ohta et al., in press). 4, =
NEDOBBRICE L1275 Z 3 F pKM 101 Z# A L 725
ik Xy P EBERL, ZOFHME L RRERZ
7 b icxt 5 pKM 101 532D W TR,

RBMES IUHE

1. EHROER

Wtk G R X k(2 Table 1 IZ/RL72. P17 7
— ¥ %\ T CSH 26 % & d(pro - lac) KKK R %
WP 2 uorA ¥RICIZE2EA L72 WP 2000 (érpE, 4(pro
~lac), uvrA) BRFE{EBLL 720 WP 2000 £k 45 #f 12 (3
MacConkey # K7V — b ETLac WiZ&HRKL, 2D
th s Pro- L > TWAEBEARZ V7)) A T#
A TS K-12 8k % # o CC101~CC 106 ¥ o F* A 1
(lacl-, lacZ-, proAB™) % itifi BHFARHD WP 2000
AT T ODBMY L RIR— =L 72D
<, 3, CC101~CC 106 % F W1 2#HEAICL ) K
-12 BeBH D AB 1157 (hisG, argE, dproA, thr, leuB,
lacY, thi, Sm") BRI L7, LB T T Ab
##47\y, 100 xg/ml streptomycin &4 Db 7 v 2
—2#K7Vv— b (His, Arg, Thr, Leu, V.B: &)
122\ T, Prot, Sm" % #17-> T AB 101~AB 106 tk
orHEL7:. K12 AB101~AB 106 ¥k & F* K+ % 4%
AMEEIC LD WP 2000 BkI2F L 72, LB ¥ T—Besh
aberfikribrna—2ER7Vv—F (Trp iR
=<, Prot, His', Arg*, Thr*, Leu':#R%
iT - T WP 3101~ WP 3106 ¥ (trpE, 4d(pro-lac),
wvrA/F (lacl™. lacZ™, proAB")) %L 7z,

75 Z I FpKM101 (Ap") D H A
WP 3101~WP 3106 ¥k £ # v € * 7 ¥ TA 100 73
(hisG, pKM 101) # LB ¥ Tt &b, 10 ng/
m/ ampicillin &4 Db 7N a3 —ZXFEK7 Vv — b

Table 1 Bacterial strains

Strain Genotype Source Reference

Eschericia coli K-12

CC101-CC106 F’Uacl, lacZ, proAB*)/ara, 4(lac-pro)5 J. H. Miller Cupples and Miller (1989)

ABI1157 F-, thr-1, leuB6, hisG4, argE3, 4(gpt-proA) 62, T. Kato Bachmann (1972)
thi-1, lacYl, ara-14, rpsL31

ABI101-AB106 F’ (lacl, lacZ, proAB*)/thr-1, leuB6, hisG4, argE3, CC101-CC106 < AB1157 Ohta et al. (in press)
A(gpt-proA) 62, thi-1. lacYl. ara-14 ., rpsL31

CSH26 F-, ara, d(lac-pro), thi A. Nishimura Miller (1972)

Escherichia coli B

WP2uvrA F~, uorAI55. trpE65 ., malB15, lon-11, sulAl T. Kada Witkin and George (1973)

WP2000 F-, uvorAl155, trpE65 , malB15 , lon-11, sulAl, 4(ac-pro) WP2uvrA X P1(CSH26) Ohta et al. (in press)

WP3101-WP3106
lon-11, sulAl, 4(lac-pro)
WP3101P-WP3106P

Salmonella typhimurium 1.T2
TA100

F’ (lacl, lacZ, proAB* )/uvrAl55, trpE65, malBl5 ,

F'Uacl, lacZ, proAB* )/uvrA155, trpE65, malBl15 ,
lon-11, sulAl, 4(lac-pro) /pKM101 GnucAB, Ap")

hisG46 . A(uvrB -bio), rfa/pKM101 (mucAB, Ap")

ABI101-AB106 X WP2000  Ohta et al. (in press)

WP3101-WP3106 <
TA100

this study

T. Kada Maron and Ames (1983)

(Trp @) (2F T His*, Ap" &R &411->T WP 3101
P~WP 3106 P #& % 57 L 72,

2. 1§ i

WoHITAbLEICHWALBRMOMKIZ1%
tryptone, 0.5 % veast extract, 1% NaCl T, #b 7
L a— 25T Vogel-Bonner E  medium (Maron
and Ames, 1983) (2 0.5 % glucose # MM Z 72 4 D & IEAR
L, REICWLTT I /B2 50ug/ml, EF I %1
ug/ml, agar# 1.5% DR E T&H ML 72,
WP 3101~ WP 3106 # O Hij 5% % (2 {3 50 zg/ml (250
#M) tryptophan # iz 72#gb 7 v 2 — 245 (MGT
25 1) B 1 AV A 2740 Mol & o w INAL TREA B¢ 241 1 1)
INIA—=R L > TR SN EZDT, HOFIEEICH
5 MGT Hihd 7 Va2 — RRIEIZ 0.5 % & L2, 7
U3 — ZREE TR DR T— I W H BRI
ThYH, HOEFCE+o%&ETH S, WP3LP
~WP3106 Pk D Hi 85 4812 (3 & 5 1I25ug/ml D
ampicillin # 2 72, Lac™ L ROUE IS, b T
7 b —=2#E K7V — I (Vogel-Bonner E medium, 0.5
lactose, 50 ug/ml tryptophan, 1.5 % agar) & NB-
k7777 — (0.5 mg/ml Oxoid nutrient broth No.
2, 0.5% NaCl, 0.6 % agar) #ffil\w7z. —4, Trp" &
I EROWEICIZ, WP 3101 #kE L WP 3101 P #k %
nutrient broth 71 (25 mg/m/ Oxoid nutrient broth
No. 2) TRk L 72k, w7V a—2AER7L—}
(Vogel-Bonner E medium, 2 % glucose, 1.5 % agar)
ETP-b v 77 #— (10 ug/mi (50 M) tryptophan,

100 #g/m! proline, 0.5 % NaCl, 0.6 % agar) % H
12,

3. # E
3-Amino-1-methyl-5 H-pyrido[4,3-5]indole (Trp

-P-2, CAS No. 72254-58-1), 1,2-dibromo-3-chloro-
propane (DBCP, CAS No. 96-12-8), dimethylsulfox-
ide (DMSO) (3 FI b4 T2 £ ) B AL 72, 5-
Azacytidine (CAS No. 320-67-2), N-ethyl-N’-nitro-
N-nitrosoguanidine (ENNG, CAS No. 4245-77-6),
2-aminoanthracene (CAS No. 613-13-8), # k¥
cumene hydroperoxide (80 %, CAS No. 80-15-9) (&
Aldrich Chemical Co. (W1, USA) #*HAF L7, F
72, 4-nitroquinoline 1-oxide (4-NQO, CAS No. 56-
57-5) (3R b L¥ X D, N*-aminocytidine (CAS
No. 57294-74-3) 3 7+ 2+ X h B A L 2. 5-
Azacytidine £ N*- aminocytidine (3 & # L 72 #f 7K
(Milli-Q, Ultra-Pure Water system, Millipore Ltd.)
IZIHEMR I, ZDOMDERENEIZ DMSO sl E LT
e, REHEHLICIE, AV s BERETEL O
ALZS9sEE 7779 —A%1:9DEARTRA
L72S9mix #Hw7z,

4. BAZERANITNILOBRHT . Lac' ERER
RAFH 2 MGT et (2 $efli L T 37°C T—Mafl i K 4
L7z, MGT 5 CRIAE L 72 i l3om Lo B & 200
#irbT, ToF ABRICH L2 DAREBREICHIK 0.1
m/, ZRFAEK0.01-0.1 m/, 100 mM ) »E&+ F) 7

L#RTETE (pH7.4) 7203 S9mix 0.5ml Z4HEL,
37°C T 20 43, 4P ITIREE L L 67V A v % 2 X—
var®iTor, WL T4CICHRE L TE W72 NB-
My 7T H—%2mlMZTEIRERE, P77 b
—ZFERT v — M F 72, 3TC T 48 W35 314, Lac*
iR an=—% 27,

5. Tro' ERERSR
WP 3101 # % 72 (2 WP 3101 P ¥ % nutrient broth
FE 245 RE LT, 37°C TRl L2k 2 i L

i




Table 2 lacZ reversion events required to restore Lac’ phenotype in tester strains, and base substitutions

detected.
Strain . . ™
Reversion event at Glu-461 codon (Amino acid change) Base substitution
uvrA uvrA
pKM101
WP3101 WP3101P AAT TAG TCA — AAT GAG TCA (Stop — Gluy A:T—C:G transversion
WP3102 WP3102P AAT GGG TCA — AAT GAG TCA (Gly ~ Glu) G:C—A:T transition
WP3103 WP3103P AAT CAG TCA — AAT GAG TCA (GIn— Glu) G:C—C:G transversion
WP3104 WP3104P AAT GCG TCA — AAT GAG TCA (Ala— Glu) G:C—T:A transversion
WP3105 WP3105P AAT GTG TCA — AAT GAG TCA (Val— Glu) A:T—>T:A transversion
WP3106 WP3106P AAT AAG TCA — AAT GAG TCA (Lys~— Glu) A:T—G:C transition

All the strains contain #7pE65 (ochre), which is available for a Trp* reversion assay, and are of Trp-, Lac™

phenotype.

72. Lact HIRERDOYA LAFDOWIET7 VA v X 2
—Ya v EfFv, TP-Fy 77— 2ml M2 Twd
N a—2ZERTL— MZFE X, 37C T 48 Bl R %1%,
Trp* %R0 =—%K2Z 7. W% nutrient broth
e CHER T B 720, B IRT2 % L2 L MAET 5D
T, by 7TTH—IZT7TB) v EMABIEITE-TZED
MEE RV,

#& S

1. EHOREEHBRE

fE8 L 72 WP 3101~ WP 3106 #k 3 & * WP 3101 P
~WP3106 P¥RIZB W TRINT & S HMERD /XY —
v % Table 2 I2R L7, F BT LD lacZ ~ AR FDEHR
MEIZA—HF7 b F—EEADNKED» S 461 F
HoZng I v BICHIETS2GAGIFYTHE, 2D
CEDITNEG I VI B—HT 7 by —XoREREE
ICWETHY), MOYDT I /BEICEDL-> T LIEEE K
5 2 LA Twv b (Cupples and Miller, 1989). L
12hoT, WTEROBEKDL 7LV 2 BO A F 2 (GAG)
CERLEEADALact L a B, COREED LIS,
Lac* fiERa0=—%2%2 52 L2k > T WP3101
Bk WP3101PHRIZ AT — C:GE%E, WP3102 #k&
WP3102P#H 12 G:C—> A:TA R, WP3103 ¥k &
WP3103P#H I3 G:C—> C:G%E £, WP 3104 # &
WP3104P#H 12 G:C—> T AKX %, WP3105# &
WP3105P #%(2 AT > T:A%EHR, ZL T WP 3106 #
¥ WP3L06 P #k(3 A:T — G:C EROFRZFRRINIZ
BT B ENTED,

ik % nutrient broth ¥5i<° LB K Hb I 4% 45%8E L
T—Wpsa$ 2 L, P K2 M%E LBl assm &
D B0%LI iz b dh D) RERICHW B ITI3 A
Y7k iEIC e B, B ok Lcii3 7 e ) v ZORE
YhanT, 7)) rEEEhV MGT BB TAR S ¢
BILTPRF2HRT 2 EHTE L, BRIKICHL
TiEZ N F T, MGT Tl L7cWik = LB
FEdIT 1/50 Z5 Rl LT 3 ~ 4 BRMREIGE L, o
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72 3 BOMREIA TR O W it % Lo Bl & BT R AT - 7
%, RERICER L7220 %R ERICHW T2 (Ohta et
al., in press). L2 LZ0Dk, Bif L TR ICRE L
RHiE R VD LT o sk Y OERGISK T B
ZHEFELLETFT A bz, 4, N
aminocytidine, ENNG, 4-NQO, 5-azacytidine % Ji]
WTORET DR, MGT it TR L 72 ik 2 UEisg
FI22DF FHWBAD, MK BIFAHRE 5 2
72, COWA, PO IV —RHF 7 P —RF <0
CORBERT S Z L hBmasneh, dBRICHC5
HirsaE 0.1ml & N5 MGT ssthhn 7 v a — 2R
DEAERT, BERERFREETH L0 E) T lacZ
BIETORBICIIBE L p -7, kB, NB-+ 7T
H—=DHIF )T+ 77 v 2EMT 2LE 3% <, R
LT LRRERBREE TOMBICETED NG

72,

2. BHEWR

WP 3101~ WP 3106 ko Btk xt it & L THW 5 Z &
DT EHERFEOHE & D —F% Table 312" L
72. ENNG (3 WP 3103 ¥kLI#+ o> 5 Hi#RIC Lac* 8%
®EFEH L, 4-NQO (2 WP 3102, WP 3103, WP 3104
D 3WHRIC Lact HIREREZFRT 5. £70, kT F o
27" ® N*- aminocytidine (3 WP 3102 & WP 3106 O 2
Wi FklZ, 5-azacytidine (3 WP 3103 #R72 (F IZFF R (2
Lact f0iZ® % %%+ 5 (Ohta et al., in press). %
BAWKE H W72 Lact IR E RN A, AT a7
NDERFHIIT VA v Fax—variEiN b7 v—F
B0 N R E AT B ), il DR 2 H
TH# L7z X, 7LV — METHEMEZ\ Lact AR
ao=—pME L7, —7, S9 mix A FTRRIEEL
M X 2B Ex I & L T3, 2-aminoanthracene
(WP 3102 ¥k) % Trp-P-2 (WP 3104 kk) % E4°H %
(Table 3). S 9 mix DEEFK G % LT 5 7cO DL
WMAnT, Yh—HikZHOTHEHIUTEIWEHZ L
a5,

Table 3 Examples of mutagens which could be used as positive controls for tester strains WP3101-WP3106.

Lac' revertants/plate

Trp* revertants/plate

Compound Dose - WP3101 WP,
(zg/plate) mix 3102 WP3103 WP3104 WP3105 WP3106 WP3101
(A: T~ C:G) (G:C—~ AT GC~CGE (G:C—T:A (A:T-T:A (AT~ G:C)
N*-Amino- 0 a * 9 * * * 3 24
cytidine 0.01 * 232 * * * 2 =
0.1 * = * * * 116 188
5-Azacytidine 0 = * * 0 * * * *
5 - * * 110 * * * *
4-NQO 0 * 11 0 7 * * 18
0.2 * 134 18 317 * * 206
ENNG 0 1 9 * 5 2 2 24
0.2 & 262 * = . = 119
5 - 45 - * 41 48 60 N
2-Amino- 0 . * 11 * 7 * * 42
anthracene 5 + * 333 * 32 * * 138
Trp-P-2 0 + * 9 * 6 * * 47
2 + * 69 * 128 * * 396

* Negative response (less than 3-fold increase over the control)

Table 4 Examples of mutagens which could be used as positive controls for pKM101-carrying tester strains WP3101P-

WP3106P.
Cinan - Lac’ revertants/plate Trp* revertants/plate
Compound (ug/plate) mix WP3101P WP3102P WP3103P WP3104P WP3105P WP3106P WP3101P
(A:T-C:G) G:C— AT G:C—C:GE G:C—T:A (AT T:A (A:T-GO

N*-Amino- 0 * 11 * * * 3 107
cytidine 0.01 * 270 * * * S .

0.1 * - * * * 183 744
5-Azacytidine 0 * * 1 10 * * 93

2 * * 287 = * * -

5 * * 1037 106 * * 292
4-NQO 0 o * 8 1 12 5 * 93

0.05 = * - b 403 = * 552

0.2 * 266 148 >2000 22 * ij
ENNG 0 - 2 7 1 5 2 4 87

0.2 = & 301 = - ak - 285

5 = 138 = 26 184 145 720 =
2-Amino- 0 i+ * 19 2 16 13 * 165
anthracene 5 + * 146 22 330 199 * 674
Trp-P-2 0 F 2 20 1 17 12 * 140

2 s 46 210 18 1136 252 * 1126

* Negative response (less than 3-fold increase over the control)

Table 4 1 (3, pKM 101 % & A L 72 WP 3101 P
~WP 3106 P ¥k Bt ot B & 70 2 48 G o FEHH & &
D—HZR L7z, pKM 101 ED mucAB #A51-132E8%
KRFRYUE % 50 1EM 2B 5 5% (McCann et al.,
1975 ; Walker, 1984), [AlREICZRERZ 7 PV LK
EEZLZ LML NTWAS (Watanabe et al., 1994
b)., —# M ZfmE LTI G:CoATE ® (3
pPKM 101 o AZ X 2 %0547, WP 3102 #k &
WP3102 Ptk CRIRERBUE ICKELEIIEL L -
72(Tables 3,4). —%, G:C>T:AZX®RX AT~ T:
A 53 pKM 101 3 A H (WP 3104 P, WP 3105 P)
TRINE B oREh A m (B, 74, AT~ C:
GA% (WP3101P k) G:C— C:G &% (WP 3103
P#) i 2 4 { % > 72, 5-Azacytidine (3 Trp*

ERMERTHNS &, WP 3101 Bk TIZERIGEE 2R T
E4WA'pKM 101 28 A L 72 WP 3101 P RT3 KR
AR E e, THIEpKM 101 2 A LAZ LI
VG CoCGEELUMIGCoTAKRLFR
(Table 4) S5 k) & fLL7272d LRI,

3. 1,2-Dibromo -3-chloropropane
(DBCP) OEAZERANI NIV
DBCP (3 WP 2 uorA ¥ TEBIEE R S, B58
JEHERBLO 72D 1T LA R E L B RIATH b
(Moriya et al., 1983). Table 5 (2{3 DBCP Tif¥ 311
LIIRERND A7 PNV EIRLIZ, SImix DFAEFT
I3 WP3102 MR T G:ICo A TERNSE LD TEHHEIET
FRINBZ bt 72, GIC-TAZXERI
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Table 5 Mutation spectra of 1,2-dibromo-3-chloropropane in the presence and absence of the S9 metabolic activation in

tester strains WP3101-WP3106.

Lac' revertants/plate

Trp* revertants/plate

Compound (”gI;(:j;e) n??x WP3101 WP3102 WP3103 WP3104 WP3105 WP3106 WP3101
(AT - CG) (GC—AT G:C-CG (G:C—T:A (AT—-TA (A:T~GC)
DBCP 0 ¥ 2 9 0 3 1 0 23
10 - 0 6 0 2 2 0 30
20 2 6 0 1 0 0 31
50 = 2 7 0 2 1 0 27
100 N 0 10 0 9 1 0 20
DBCP 0 + 1 15 0 7 4 0 47
1 + = 49 = - - -
2 £ 3 123 = - =
5 + - 238 = = * o
10 £ 1 886 0 5 6 0 58
20 &3 0 >2000 0 10 - ¢ 0 91
50 + 2 - 1 17 9 0 125
100 o 1 = 0 28 9 2 223

WP 3104 kTR THh TR ICHER SN T2, 2D
DYATOERBIRBI N -T2,

4. Cumene hydroperoxide DRZAXERAN
I NIbE pKM 101 OEE

Cumene hydroperoxide (= & » THEH S N2 RBKL
w4y 47 % WP3101~WP 3106 #% £ WP 3101 P
~WP 3106 P #k%& WV THEFT L 72458 % Fig. 112F &
BHTR L7, pKM 101 #8572 Wik T, G:C— T
ABRIEDLEERSN, DV TAIT > TAEREN
bz, —F, pKM 101 HARKRTIZ 6 K
HTNTHIATOERIFFEREN, GICo T AKR
EMATGIC—>ATERE, AT>TAXHED 1ZIZTH
BEOBE CHERIN, ZoAMOERIAER
Trp* HRMERTH~E L, WP2uorA thL ) L WP2
worA/pKM 101 kT & D 3 SR I LB 2 L A9 &
NTwb75 (Kato et al., 1994), Z#Lid WP 2 worA tk
ZBWTHERSIN TV GIC— T:A KRS pKM 101
AL L > CTHAMICHRINNTIRE L, DD
£ TOERHEHETHERENDL L) Chofeedr
a2y (AR

= £

ZERERZ R PN EHRT H2HDOTFHRL LTS,
DNA ¥ — 7 T >4 —%2 & 1) KIERH 10 % v AT
T3 hEEOM, au=—Ta—=TN AT ) FLE— 3
iz k 2##TiE (Miller and Barnes, 1986 . Cebula
and Koch, 1990) 7B ST 5.

INHDTFHETIE, BB Th BAAED T
MRSz 27Vv—n27 b HRIFFICHEN S LB FT
b b, L L, MHTTE 59 7 VBRI FER 7 RS F
BB, ERINLEREREKONTOMFELS 1 %
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LIF LA 2w & 9 e RAEBEDE N 2 4 TOEROEL
i3, ARERERICEZLOPERBETHEINLD
OrEXL, ERTLAILEINBTHS. ZITHL
(RIS T % TR R X 3 B AT S5 T, KRR IE RS
RO RICLTL 6 Wik Ly PALEICK D
P, BRDIATOEREZMINCERTE D720, H#E
HHE AR W2 4 7D b DT L HRHMEOT—2 285512
YR LHTEL, ZORMDIHDRHKSINETIC
KM (Cupples and Miller, 1989) & 4/ €% 7 i (Gee
et al., 1994) THRE N T2, FIHEDKEHEIZF KA
VD lacZ BIEFOERBFREL LTV E72D, F
FALOEIC RN AES BT I L TE S, Allb
nhhi3EREERBRTILHWLNT WS WP2
uorA ¥ 5 £ 1° WP 2 uorA/pKM 101 ¥k 12 F8 L 72 ¥k
Dty b BERLE. ERLCERORMEIWTRD
Lac- THAUMNMITOMREEDL LT, L2 ->T Trp”
14 BB L ek X A U HEE TR 7'V — b ORI
LEWEFICEBTE S, 2D, Trp* 4 # b
TEREMEARM S B RIFUS DWW T, Lact %
RABRTRIRERZ LT PN EFRD LI L) EHEN
7 e HS T RELS 7 - 72, K12 BRHIR D FPIR-f- %2 B FRIC
L7272, MW7 TR I FOREEIDE S L2,
7 ) VERMORD 7 2 — 25 TRESE 2 4
WL ThE VRELI n—r 2RI,
BT+ o 7R 7L ¥ ALEREIC O W TIIRERIN L &
£ TDORRERDFREN (Table3), TN HDHKEF
K-12 Bk Tk b 4727 —% (Watanabe et al., 1994 b)
YR s Ll Ehs, (FRLZT A FRKOHTE
WA X, BREL TV A LML E LT,
WP 3101~ WP 3106 bk 2 HI\W 72 RIRE R 2~ 7 b v
DN B, HHOERIGTHRS N D RIREROFER
PDiZH, DNA AR B 5 HEERCSMEAFAED

100 20 80
G:C-T:A G:C-C:G G:CoA T
754 154 60
[0}
T 50+ 10+ 40
a
?9 254 54 20
=
g O I T T T O O | 3 i | T ] T
o 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
o
o= 20 80 40
o A T-C:G A:T-T:A A T-G:C
2 151 60 304
£
73 10 40+ 20+
54 20+ 10-

0
0 20 40 60 80

Ol 1 T T
0 20 40 60 80

Ol T T T
0 20 40 60 80

Cumene hydroperoxide (g / plate)

Fig. 1 Base substitutions induced by cumene hydroperoxide and the effect of mucAB
genes in pKM101 on the mutational specificity. Each type of transition and tran-
sversion was assayed in strains WP3101-WP3106 ([]) and pKM101-carrying strains

WP3101P-WP3106P (H).

CELMLEL > TEL, BRIEERERD G Y
e LTLIFLIFHW SIS furylfuramide (AF-2) %
Lac* BIRERTHRL LA, WP3M4HTG:C—
T:AZREDHD DT IR IE R T dH 5 LIIMIRIRE
ROFRIIBEI N2 >72 (Ohta et al., in press).
L2 L, lil—@HPkTiT - 72 Trp* {8048 2Bk T3, Blbk
D WP 2 uvrA ¥ & [RIFREE 12 AF-2 D548 B5PE AR
WE N, AF-213 7 7= 8 fhmik 2 M L Eic
GCTAXREFRTBH, %»TL 5-TGC B
WD GAAF-2FRRBRERDOKRYy PRAKRy FTH D
C e N T 5 (Lambert et al., 1991). £ 25
T, G:ICo T AERERINT 2720 WP 3104 #kic
V1% lacZ #AZAFDOREMHIE (GCG) DR DES % 4 5
&, -AATGCGTCA L% ->T\wwb (Table2). N
IZBWT Lact BRERIEL 57251212 GCG — GAG
DIFIAHERDP U ETH 5%, 5-TGC BHHEF T
W37z, GCGCDHEAWD C LD L 5D GOERD
HRERTVWEHEZLNS, COERICEBINTLE
J 72, Lact IRERERNIELIZ LY, AF-2 DER
D WP 3104 )k Th T LRI I L ook
e S 1172, DNA SRR B 2 BLIERCHIK (i1
DEEL, HRERZIFECL TR RRERZRT b
IWOFRHTRICE > TIZHERICKE L RY 52 K%
FRETH Y, HHROMIE, SRICH7 - TSR ISR
LT %%rdh 5,
RIRAERZ ~7 P )i pKM 101 75 & 2 F (mucAB

HIEF) DBAICLDRESEMAT LI L INT
\»% (Watanabe et al., 1994 b . Gee et al., 1994 ;
Szekeres et al., 1996). Cumene hydroperoxide ?
(Fig. D TLMLA2% k912, pKM 101 75 2 3 Foitk
AL > TRALERBEIE LS AT L bnE, 3L
AEEDLLEWLDENDH D, TDZ LT mucAB #ix
TREDOBERE 2 R 7270 & SN A WHFLEMIR I BV T
RITTHAINCRREROFFENL 2, UEY#IIE T
ST KER & T A%, pKM 101 777 2 3 K & 4%
722 R TOMNTHRER Z 72139 2 & ) div h o b
blhkw, L»L—4TI3, FRFEOZ7)—=27
FHME LoERFEHEREBRICE, KEEKDLED
pKM 101 7’7 2 3 F2FOmikkE v 5 2 & —Hikit)
2% > TETWD, AE%MERDERIFDORIRERZA Y
FvZ pKM 101 DB L EDHTHLPITLTW I L
T, PBI45-L Tvr % DNA E1HBRER 22 I8 48 A OB HE
MRLEFE D EHEZHND, S HITIIEREMRERICH
MRS LRI L D L fF S L5,
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Summary

NDA (2, 2’-nitrilodi-2 (2’)-deoxy-ascorbic acid monoammonium salt), a red-pigment
synthesized by the reaction of dehydroascorbic acid with L-phenylalanine, induced
micronucleated polychromatic/normochromatic erythrocytes (MNPCEs/MNNCEs) in
ddY mouse bone marrow. Six male mice per group were intraperitoneally injected with
red-pigment two times at 24 h intervals and the bone marrow cells were examined 6 h
after the last treatment. Statistically significant increase of MNPCEs or MNNCEs was

observed in all treatment groups.

Keywords : 2, 2'-nitrilodi-2 (2') -deoxy-ascorbic acid monoammonium salt, ascorbic

acid, mouse, bone marrow,

Introduction

NDA (2, 2’-nitrilodi-2 (2")-deoxy-ascorbic acid
monoammonium salt), a red-pigment, is often pro-
duced in the foodstuffs added ascorbic acid as a
food additive (Kurata et al., 1973 ; Hayashi, 1984) .
NDA induces DNA-damaging and gene mutations
in bacteria (Nonaka et al., 1991). In the present
study, we tested the genotoxicity of this chemical i
vivo using the mouse bone marrow micronucleus
assay.

Materials and methods

NDA was synthesized by the reaction of dehy-
droascorbic acid with L-phenylalanine (Nonaka et
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micronucleus assay

al., 1991). Six-week-old male ddY mice were pur-
chased from Kyudo Co.(Kumamoto, Japan) and
acclimated for one week. Six mice were randomly
assigned into treatment, negative control, and posi-
tive control groups. They were fed commercial
pellets and given water ad libitum throughout the
acclimation and experimental periods.

Mitomycin C [50-07-7] was obtained from Kyowa
Hakko Kogyo Co. (Tokyo, Japan) and used as
positive control. Mitomycin C and NDA were dis-
solved in phosphate-buffered saline immediately
before use. Mitomycin C was injected intraper-
itoneally twice 24 h apart at 2.0 mg/kg, thus mice
received 4.0mg/kg in total. NDA was injected
intraperitoneally twice 24 h apart at 62.5, 125, 250,
and 500 mg/kg, thus mice received 125, 250, 500, and
1000 mg/kg in total (doses were determined by a
small preliminary dose-finding test). The mice in
the concurrent negative control group received only
PBS. The volume of injection was 10 m//kg for each
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Table 1 MNPCE and MNNCE frequencies in ddY male mouse bone marrow following

2 daily treatments of NDA

Dose MNPCEs MNNCEs PCE
(mg/kg)  No. -
per Thice Per Mean*=SD Per Mean®=SD  Mean*SD
injection 4000 PCEs (%) 4000 NCEs (%) (%)
0 6 7, 6,19, 0.23%+0.13 6, 4, 11, 0.18+0.12 60.1+1.9
11, 4, 8 165, 3; 4
62.5 6 27, 27, 20, 0.56%0.10 28, 33, 25, 0.61%0.14* 56.0+3.1
18, 19, 24 18, 23, 20
125 6 44, 25, 37, 0.94+0.31** 37, 28, 30, 0.74+0.12** 54.4*1.3
59, 33, 28 33, 24, 26
250 6 90, 66, 54, 1.73+0.40** 27, 21, 19, 0.59+0.18" 45.4+3.2
85, 50, 69 37, 20, 18
500 3% 133,141,148, 3.52+0.19** 40, 53, 44 1.14+0.17**  39.6+1.6"
MMC"2.0 3 298,204,230 6.10£1.21** ND¢ ND¢

* 3 mice died.
" Mitomycin C.
¢ not determined.

*p<0.05, **p<0.01 (Kastenbau and Bowman’s method (1970) for MNPCEs and

MNNCE:s : Student t-test for PCE).

treatment. Mice were killed 6 h after the last
treatment** and femur marrow cells were collected
with fetal bovine serum (Schmid, 1975 ; Heddle,
1973). Cells were smeared, fixed with methanol, and
stained with acridine orange (Hayashi et al., 1983).
4000 polychromatic erythrocytes (PCEs) and 4000
normochromatic erythrocytes (NCEs) per mouse
were analyzed for the frequencies of micronucleated
PCEs (MNPCEs) and micronucleated NCEs
(MNNCEs), respectively, and 4000 total eryth-
rocytes for percentage of PCE to assess inhibition of
bone marrow cell proliferation.

Results

The results of the micronucleus assay on NDA are
presented in Table 1. The mean MNPCE frequency
in the negative control group was 0.23% and the
frequency in the positive control group was 6.10%.
These values were in the expected range and
revealed that the experiment was technically accept-
able. The increases of the MNPCEs frequencies at
125, 250 and 500 mg/kg and the MNNCEs fre-
quencies at 62.5, 125, 250 and 500 mg/kg were statis-
tically significant (Kastenbau and Bowman, 1970).
The decrease in percentage of PCEs among total
ervthrocytes at 500 mg/kg was statistically signifi-
cant (Student’s t-test). These indicated the NDA
affected bone marrow cells, induced micronulei and
inhibited cell proliferation.

** This was performed according to the original protocol
(Schmid, 1975). The effect of the last treatment may
not have evident at 6 h (CSGMT, 1990).

Discussion

NDA is positive in the DNA-repair test and two
different gene mutation assays using bacteria
(Nonaka et al., 1991). In this study, NDA was
positive in the micronucleus assay. These results
suggest that NDA poses a carcinogenic or genetic
hazard to humans and it may be important there-
fore to prevent the occurrence of NDA in foodstuffs.
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Development of the iz vitro Chramosomal Aberration Test System
for screening environmental carcinogens
—Quantitative evaluation of the results—
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Summary

The Chromosomal Aberration Test using cultured mammalian cells, was proposed as an
alternative screening tool to bacterial mutation assays (Ames test), for the detection of environ-
mental mutagens and/or carcinogens. The Micronucleus Test in mice was also proposed as an
additional iz wvivo test for evaluating the genotoxic potential of those chemicals which were
positive in the in vitro systems.

Mutagenic potency in the Ames test was estimated from the number of revertant colonies
induced per unit dose (mg/plate) and in the Chromosomal Aberration Test was calculated from
the minimum dose (mg/m/) inducing at least 20% aberrant cells (D2, value). It was found from
these assays that there were some 10° fold differences in their mutagenic/clastogenic potencies and
that only potent chemicals may give positive responses in the iz vivo Micronucleus Test. It was
also found that, in the Chromosome Aberration Test, the incidence of exchange-type rather than
break-type aberrations is more important in predicting the carcinogenic risk of exposure to
clastogens.

In this review, the significance of a battery system comprising at least three different
mutagenicity tests is discussed together with the importance of quantitative rather than qualita-
tive evaluation in the genotoxicity of chemicals. In addition, recent analytical studies on the
mechanisms of induced chromosomal aberrations in cultured cells, using the Fluorescence In Situ
Hybridization (FISH) technique and Laser Scan Cytometry (LSC) are presented.

(This paper, chaired by Toshio Sofuni, is the lecture of The JEMS Award (1997) presented at the 26th
annual meeting of the Environmental Mutagen Society of Japan, held at the Hadano Culture Hall in
Hadano, Japan, December 3-5, 1997.)

Keywords : chromosomal aberration, a battery system for mutagenicity testing, D2, value,
TR value, FISH, LSC
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Table 1 Screening tests on paired compounds, carcinogenic and non-carcinogenic or

chemically related substances.

Chromosome test

Pairs of compounds [CAS No.] Ames test L.

n vitro
4-Nitroquinoline-1-oxide [56-57-5] + 15
4-Aminoquinoline-1-oxide [2508-86-3] + +
N-Methyl- N’ -nitro-N-nitrosoguanidine [70-25- n +
7]
N-Methyl-N’-nitrosoguanidine [4245-76-5] =
N-Methyl-N-nitrosourethane [615-53-2] + -+
N-Methylurethane [105-40-8] = =
N-Methyl-N-nitrosourea (MNU) [684-93-5] + +
N-Methylurea [598-50-5] = -
Dimethylnitrosamine (DMN) [62-75-9] +(S9) +(S9)
Dimethylamine [124-40-3] = -
Butylbutanolnitrosamine (BBN) [3817-11-6] +(S9) +(S9)
Butylbutanolamine [4543-95-7] = B
Benzo (a) pyrene (B(a)P) [50-32-8] +(S9) +(S9)
Pyrene [129-00-0] = =
Furylfuramide (AF-2) [3688-53-7] ¥ +
Nirofurantoin (Furadantin) [67-20-9] + 3
Maleic anhydride (2,5-Furandione) [108-31-6] — +
Succinic anhydride [108-30-5] = =
7.12-Dimethylbenz (a) anthracene [57-97-6] +(S9) +(S9)
Anthracene [120-12-7] +(S9) +(S9)
Phenacetin [62-44-2] +(S9) +(S9)
Acetaminophen (Paracetamol) [103-90-2] = +
Thiourea (Thiocarbamide) [62-56-6] = —
Urea (Carbamide) [57-13-6] N +
4-Dimethylamino-3’-methylazobenzene +(S9) +(S9)
4-Dimethylamino-2-methylazobenzene +(S9) +(S9)
Styrene oxide (Epoxyethylbenzene) [96-09-3] + +
Styrene (Vinylbenzene) [100-42-5] +(S9) +(S9)
Tris-dibromopropylphosphate [126-72-7] +(S9) +
Tris-dichloropropylphosphate [78-43-3] +(S9) +(S9)

Progesterone [57-83-0]
17-Ethinylestradiol [57-63-6]

I 67 nd, Wiz L, ThHDf%Eld, FHE
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MO etk Ze ¥ 2 FHIT Tz, bz
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ZIRAE F R (Ames akBR) 25 H 2 I N Tz, BRAR
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CARCINOGEN

Annatto (water-soluble)
Thiram

Sodium erythorbate
Imipramine HCI
1,1-Dichloroethylene

Phenanthrene
4-0-tolylazo-o-toluidine

Polysorbate 60
Progesterone
Thiourea
Thioacetamide

Urethane

Barbital

Ethionamide

(Caffeine?)
Diethylstilbestrol

Maleic anhy dride
3-hydroxyanthranilic acid

Fig. 1 Correlation among clastogens (positive in CHL cells), mutagens (positive in the Ames test)
and carcinogens. The chemicals outside of the carcinogen-circle, have not been tested for
their carcinogenic potential (Ishidate, M., Jr., et al., 1981).
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4-o-tolylazo-o-toluidine % ¥ (3, Ames Bk TH 7% -
ThH, REFERBRTIILH D12 D%, %2, urethan,
barbital, ethionamide # % \» (3 ethylstilbestrol
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%% (Ishidate et al., 1977).
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Fig. 2 Quantitative comparison of the clastogenic and muta-genic potential of chemi-
cals tested in the chromosomal aberration test in CHL/IU cells and in the Ames

test, respectively.

Table 2 Eight carcinogens which were tested in the
CSSTT/IPCS/WHO collaborative study.

Carcinogens tested AT? CA* MN*
1) Hexamethylphosphoramide - + £

(HMPA)
2) o-Toluidine + + o
3) Benzene = £ -+
4) Safrole + + =
5) Acrylonitrile e + ==
6) Diethylhexylphathalate (DEHP) — = =
7) Diethylstilbestrol (DES) - 4 +
8) Phenobarbital + + +

AT? : Ames test, CA* : Chromosome test in vitro, MN" !
Micronucleus test in.

(7)) —=> 7y 7)) i2FedHbLNTWS (Ashby et al,
1985). 4fk% i LT, | ZFLAUE MG % v 2 Ak
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a2 v 2 kR B RERICIER L2, [H
LA T Y, NTP &£ b2 ETOME DM, %Y
DRIV DH B LRI, 22T, KELPHFEL
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56%

52%
24%

4%
U.S.A. Protocol

Japanese Protocol
(Sofuni et al., 1986)

Fig. 3 Comparison of the results in the chromosomal
aberration tests carried out with CHO cells (in
the NTP protocol) and CHL cells (in the
Japanese protocol).
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YuosTh Iur b,

Table 3 Chromosomal aberration test in vitro combined with S9mix.

Carcinogenic compounds

Cell suspension method™
Dose(mg/m/) % Aberrants Dose(mg/m/)% Aberrants

Monolayer method”

Benzo(a) pyrene (B(a)P)

3-Methylcholanthrene (3 MC)

Dimethylnitrosamine (DMN)

7,12-Dimethylbenz (a) anthracene (DMBA)

3’-Methyl-4-dimethylaminoazobenzene
(3’Me-DAB)

Phenacetin

0.5 22.0 0.04 47.6
2.0 3.0 0.08 12.3
4.0 77.3 1.0 73.3
0.5 25.0 0.1 60.6
8.0 10.0 0.05 25.6
3.2 51.0 0.8 23.3

a) Cultures were treated for 3 hours with rat S9 mix in a cell suspension, shaking gently.
b) Cultures were treated for 6 hours with rat S9 mix directly on the monolayer.
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—E L CFHMBTRETIIZWEH) B bns (AfES,
1987).

INFTITHREBREZ ATV, B L % - 72 L) 150 4
BIZOWT, Dy N5 % Fig. 5 1Y, 77 7LD
513, Dao I H 2ILAMD T TR AMEWE A E DAL
HEFINTVELZRLTED, D DK, Thbb,
WO I V=T ICBT 5 bonhici3, RryrAED
SEbNDZLDNEN ESEFNTVWEILERELTY
5. =4, WL &I, TREDGHHEHAS L, ZOMHM
EWIN—=TICRPAEIE P L) 2L BTN TV SH
miz# % (Fig. 6).
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Fig. 4 False positive results in the chromosomal aberration tests in the culture medium with a high osmolarity.

CA Test

D20 value

Frequencies
% Carcinogens

Log (D;O)

Fig. 5 Distribution of D2, values of the clastogens
positive in the CHL test. The line indicates
the percent incidence of carcinogens in each
range of the D2 values.

7. REARBOLMEE
EAEORIHIC & - T, KAkl £ FERT S
b, RIBEZZFERTH LD, BIUY, bk
ERFEEZFR LT WD, 5EIERL EoBIRE % 2 <F
RTDLDNDHDB, bbAHA, TNHDHDHREIERH
HLTLKBHA0H 5, 0Lz2lE, BRSMBEREL L
THHENTWS Me-AaC ? 0.06 mg/ml # CHL/IU
M@ (2 48 WeflEAE I ILHE 3 5 &, 50 % LA E o fif ik
BT S, L2L, 7 F SImix 20 L, BREHIL
HYpE, 0.125 0 LoiRET, MERE»HBIL TL
5, GHEMDIERT 2 Rx 5 2 L 2RTHWE
TH5b.
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Frequencies
% Carcinogens

Log (TR)

Fig. 6 Distribution of TR values of the clastogens
positive in the CHL test. The line indicates
the percent incidence of carcinogens in each
range of the TR values.

P IRDOREE R O LB IOV T, &b
AN S H % B, EH S, BPIDODEAIYINH 5
WISRIRBI BT BIHA LB D0 2 M HOGHT,
WIRAIAHEZ Y, S 51T, W 2o IR S
h, EEECMlas, BRMMEE LT, ¥l
MEERLTS L0 ) K2 TTW5 (Fig. 7).
fE, ZO[EIZOWT, FISH (Fluorecence In Situ
Hybridization) # M\ % §etafk~4 > M X % AT
FRA TS (filEs, 1996).

MR ISR 2 IR g3 2 &, BRI 28 R R £
Y 5. ALFEERe X ROMA L (32 7% ) MR -
T B, Ptofkoht d 5 W IIHEIE ORI B v

A
2n)

(2n) (4n) stable 1?

numerical unbalance

NSNS

(4n)

V4

ﬁ

Fig. 7 A possible scheme to induce stable or unstable type of structural aberrations induced

by clastogens in cultured cells.

MEE B bILS,

B IZOWTIE, BEIKDHE 2 D590 IR L
TOWRHRENPL, ARV EELRELBbNS, LiL,
ROAMEDBEMEICOWTIZIWE S ICAHTH 572
&b, BITORBRETA F 74 > TIXZ DR 2 81+ T
PELHD, BZLL, 1k REMEEFAMET RO
AREBREDER I N D LB bILE, 1275, EHELHIL, %

PAMED N 6 1B A & RV £ ~ Al diethylstilbes-

trol (DES) #50.01 mg/mi DIKHEEE T, 85 %DiHlaic
TR EFRT I H D2 RWIL
(Sawada et al., 1978).

8. VORMESEBROEA

PEk, KREMERERD S H, EERNICE T2 ELF
i 57200203, FiS, 7v FOHHZ VS LA
HABRASEEH SN T &7, Schmid 513, S 6D
2, Hith oK E RO R MER (PCE) o Big %
K> /M BR % $208 L 72 (Schmid et al., 1975). %
fe—J%, R4 ZTIE, RETERFICH L TEvR2Hz
RY MS/Ae 77 2 (CD-1 FRHiK) RSN T W7,
HELI, RECDeTIREZAFL, b2HIZBIT2
SPFAL% (352 & & b2, IMMERBOARTEIZ >V THE
alEGBR % Jofe L7z (bk 5>, 1984), AikBRIZ, Wiic L 72 in
vitro DRERR T, Btk & 7 > 7285 A, RN T b [k
RN B D EPEREKT 29 2T, EbOTHRELR
BRTH2, I, MR MERHED 1224 L 72 i tafk
DY & 2 345 8EIC & > T PCE I & L 5.,
RRDIEMEDB AT, BRI FEL T W 3
SLRBYEUMT AU ELH L, HETIE, WO

ik 2 % F Vs 2 BRZ: (72 & 203, NEM DNA A ikEr 7
E) 2BMT 2 L2HRLTWS, HoHWII, MEE
o B/ 5B 7 & L A b Jiuze w,

AE2D5FE MMS RT3, HlH 5 I3AR
Mz 2/ MMERBRIEN 7 1 b 2= izonTH 7%
W2 D ITFTEL, TS DERUZEBRICY
i Rl S 4, BATORERE A F 54 12 Ik < B
ENTw% (Sutou et al., 1997).

AR 119 FED LA O W TR ER 2 4T - 72 455
&, in vitro DYRIE REROKEG & 2 i d 5 &,
METHEE %2 L DHH 31 %, li#TL LIkt 2%
% L DN 20 %, Fetofk R T KBRS T E L % B LD
WA 44 % TH 72, Ptk RERBRTEETH ), I
DR TIEE %5 &) HAbAMTI LA L RZT bh %k
VDL, PMEDER YRR RE ITRRT 2720 TH
59, INHDREREZERMICHET 5 X, Qtakmy
BIIEDE A, T b b, Doy HAEWIT Y, RET
Fott & % 2 a2 ® 5 (Table 4). AARNICH T 2
FERMED 2 3D 22 5T,
vitro RTHAETH > T O, in vivo RTHMEE %2 & 13
RS 7,

9. HBRED/NYTU—IC&LDBEROFM

WERE (B REME D D B G0, Y, B—BR
ELT, MR 2 RIS T 5 2R L in vitro
ROREBRZITH). 22T, WIFNLrDORBRTHME % -
726D, “in vitro mutagens” LVFIND. “in vitro
mutagens’ (373 L1 “in vivo mutagens” X (ZFR 5
w7z, L L Y 1 FHBOERNORBREZ BT 5.
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Table 4 Specific clastogenic activity in vitro (D2 value) and the micronucleus test in mice.

Clastogenic activity

Compounds tested

Micronucleus test in mice

. D2 value The minimum effective dose

[CAS No.] (mg/ml) (mg/kg, single , i. p.)
Mitomycin C (MMC) [50-07-7] 0.00001 3 (+)
4-Nitroquinoline-1-oxide (4-NQO) [56-57-5] 0.0003 80 (+)
5-Fluorouracil (5-FU) [51-21-8] 0.0004 100 (+)
N-Methyl-N’-nitro- N -nitrosoguanidine 0.003 50 (+)

(MNNG) [70-25-7]
Acetaldehyde [75-07-0] 0.03 190 (+)
N-Ethyl-N -nitrosourea [759-73-9] 0.06 50 (+)
Potassium bromate [7758-01-2] 0.07 100 (+)
Sodium nitrite [7632-00-0] 0.3 200 (=)
Fast Green FCF [2353-45-9] 2.0 2000 (-)
Potassium bromide [7758-02-3] 3.9 500 (-)
Propylene glycol [57-55-6] 20.0 15000 (=)
Gene Mutation Chromosomal DNA-Damage

.

In vitro

(Primary Assesment )

Micronucleus

Liver Assay

Test in mice

(UDS etc.)

In sive

(Secoudary Assessment )

SafetyAssessment - Regulatory Dicision

(Carcinogenic, Teratogenic or Genetic Hazard)

Fig. 8 A battery scheme for the evaluation of genotoxic potency of

chemicals.

L DRERIIAYNLD /3y 7)) —Th 555, RED
BEMT L, LOMEELERxfELNS, LY, 2
NLEDTRTORBRTERMEICK b2 L DI, BREM
e, o, RVAMDEECL ELOTHEEWZ &
3. in vitro RTHAE & e > 72841213, oGl %
WL, & 512 in vivo RERZEMT 5. in vivo RTH
Btk & 72 - 72813, RAAMES S ORIEENE 25
VEDRHD ).

Lo L7Zehss, BRIGHRERIVTNYL &b T
AT 2B AL TH b 72, 2L DERDEY
flich7z-> TG T2 RPAMERBRZITT 2bTI213
T DIINRTHS, £ DR RS 572
Bz, S HIS, @ROUWRBRYLETH 5 (Fig. 8).
727250, ok, RAAMDHED B\ (3 DHEHE % AT
T%9 2T, BREMERBRD T — 9 %O THERER I L
DDH b,
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10. ZRERERET—YEDER

BAE, L r TERTHEHIN TV 2L 0K
BOTHEIC RUF, A, ¥ L < RTREEOME s 8
BTbubitd, BEMEOLRGEECOWTIE, §
MEEICHE SN TRV 52, FRERET LI L3LT
LIRS TR, 22T, FE 613, SCEBEREL
b EHFE LT, [BREERE T — 2 O(ER %2 R a7z (H
M - AfEEfE, 1981). #1000 FEXHO HEMEED 6, 1708
D Lo BIgHER A2 L7z, Xy a ok
LTuwZwiETH), H2EMEZELLLD, B1%
THRTREE2E2H{Lr1.

fl—a7a ba—nzHv, BEDORL LMD
2T A2 L 3XbOTHERELEbNSE, FHH
13, 5613, NakRyERBRoT—2E 12 mEL, 781
MOWEIZ T 2% 20 L7z (A fiEifs, 1987). %
72, 305 FEEOILAIC BT 2 [k %2 Bl v 2 2 RGHE
KRBT — 2] 2 IR L 72 (fEEA%, 1990). ¥Rz, %

1 2AAF 25 3'-Me-DAB
2 Acrylamide 26 MNNG
3 AflatoxinB1 27 3-MC
. “ 28 4 Benzene 28 methylene chioride
] ﬁ - A 5 benzidine 29 MMC
B2 6 B(a)P 30 Sodium nitrite
N 7 Potassium bromate 31 MNU
5] 8 Captafol 32 EMUR
3 9 Cyclophosphamide 33 Phenacetin
E 112,2-Dichlorovinyl 34 PhIP
- dimethyl phosphate 35 Propane sultonate
g 12 DES 36 beta-Propiolactone
13 DMBA 37 PNU
14 DMN 38 Quercetin
2] s 15 Epichlorohydrin 41 Styrene oxide
16 ENU 42 Thio-TEPA
A% r=0.745 17 Ethylene oxide 43 p-Toluidine HCI
4 18 Formaldehyde 44 Trp-P-1 acetate
X —b b é 19 Glu-P-1 45 Trp-P-2 acetate
Log TD50 20 Glu-P-2 46 Urethane
21 Hydrazine 47 Vinyl chloride
N.B. Predicted TD50 values were calculated by the multiple 22 1Q 48 Acetaldehyde
regression analyses as follows: 23 Isoniazid 49 AF-2
Y =b0 + b1X1 + b2X2 4 ... +bnXn, 24 Meltx i

where Y is a log-transformed TD50 value and Xi are
quantitative measures of each genotoxic endpoint.

At present, only MEC and D20 were significant in the equation

(A). When MEC value was unavailable, TD50 was

estimated from D20 value (A ).

Fig. 9 A trial to predict carcinogenic potentials from the genotoxic data quantitatively evaluated in the
battery system. TDs, values were cited from the US/NTP data of animal bioassays. TDs, P means

the predictive TDso value calculated.

BOT— BT, BEEBLUELLICL>TH LB
RIN B2k (YG W) 2 w7 —2 bt
NTw3, YGHRIL, BIZFHIEICE-T, = b oECke
KDLV TEFNLEF U RT7 25— 8- 5T DHLAGA
FNTWEeHIC, WEIPICHMRICHET 2= T L
YHBLNINTOHAL 7)) v 2T I VHORIBICED
DTHHTH Y, EHANTIESFIHESATWS (L5,
1987).,

1. ZERFEFEICKDENAEDFA
BRIGHERER (L, N0, RAYAMEWEOEMNZ 7 1) —
SY7EELTORENZHLTEL, 20201213, &R
WAMDED Lo 2 RS FH LT L2 L0 ET
H5, WSTHUL, BRI TLBEEETFS
T, LELLhs, ALECHR 7 0E— 2 ORIKEIC
AL LDIIERGEHERRTIIRETE W, BE, Wb
W% “non-genotoxic carcinogens” & LI¥iL2¥HA
W 3BT DL RIGEREBR DA R 2 137 ) 12 v,
I LEEWE OB & > TR RIS h5 2
W X b 255, ZOMHOMYMIZIAKROMETSH 2
2 I

=4, BREMDH B LDIZHOWT, ZDiHMEAD &,
RYPAMEZTUTELCLDTH S b, Hl, &b
(& O BA L2 GREBDKIEIZ L 2) OFf%
BECb Y, FiRMEIcI) A Tv3, ¥, KE

NTP DT =% 06, @iV 7% BOAMWE 28U, 205
2OWT, HBDLRIGERR TR S LGOI
25 ANEDIE S (TDso fif) O T- Wit % 5 L 72 (Fig.
9). TS X B &, EFRDEIMRERIC L 5 TDs, fifi & T
iz DRI TRLL EOMBMD A ST, 4%, LA
MNZHC L, TDs DA% 6T, HEDSHRE 2 %K
L72LEDi L OMBME L A2 EHZ T B,

12. ZDthDiEE
LAl ERIE B L U2 DRERD EVER 7 & O E Y
aHMlIZB S 0P80 32, FRal TN SRR E Fidlc
RY. REHOHA L, FOHMIZOWTIZEET 5.
1) 77 ZRWEL 0 Gt A 58 3 S BRiL 0 B %6
(BREE T 1)
2) IRIERP DR A DA RIGTE (FA 25 %)
3) MRGHRABCr DA RIGTE (A H )
4) AR RIS (5445 B )
5) In vitro WERERIEOBRE (S5 )
6) g, <> 7 D 35 L OISR R
(A4 1)
7) AE2FE 10 K2 (ROR) DR
8) TARC/WHO, FAO/WHO, IPCS/WHO,
OECD, # L UHXKIE# 11, ICPEMC % ¥ O]
Bt
9) Aol [BREIERIGHTE] Otk
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Laser-Scan Karyotype of
normal CHO-WBLT celis
255 P9 (9, M5, M§)

204 P8 (82, M3, M4)
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B(a)P treatment
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Fig. 10 Laser-Scan Karyotypes. Left : Normal pattern of karyotype of CHO cells.
Right : Abnormal pattern ditected in a CHO variant subclone isolated
after treatment with benzo(a) pyrene. P : The Peak of DNA absorption ;
Del P 7 : A deletion of the Peak No. 7. It was comfirmed by the Q-banding
technique that the long arm of No.2 (2q) was translocated to one of
marker chromosomes, No. 15. A conversion between Peak No. 1 and No. 2
(the largest 2 chromosome) was also noted in this Laser-Scan Karyotype.

10) Mutation Res. i Review Dtk

13. REARBERITXMORRE

AR, etatkod B DRI, FERDIZIE AN BL%E
DRHIZINZ, T2 D5 TSR FEI) Afts it
brHih ot FHESIS, Yetafhko FISH EH 5\ 3,
DI T % Comparative Genomic Hybridization
(CGH)ZE#HA L, ROPEAMMEIZL > THHI NI
tafkdH W37/ LOREDRTZIT> T 5, BER
THEZH, (LB DM & - TRERIZ BRI R
HEINThHEWD, Frf=—X - NARF =DM
fa (CHO, CHL/IU, V79 % ¥) HTl3, Xgfafkok
WiipAsdtid L CRIBLTWAZ L 2MERZLTW S,

%72, Laser-Scaning Cytometry (LSC) # H\», i
Ha A D 4T & 5\ (3 Laser-Scan Karyotype (LSK %
) IZ & B aRREORMEZ T L 72 (Fig. 10). %
# T3, KD Flow Cytometry L JEF (I L TH 2
», Vb3 “Re-call System” DHEREIC & - T, Wik
BT, BELRZOMIEE HEMRETE 5 L) Fl
HH DL (S, 1997).

14. 8HHIC

R, Wi, B2AEO TN Tl
{, bbb {#I2(Eb 2 Ak EEN 2 T3l L%
2LDTHITNUIA S, A, RBROMERELSIC
Tt A %L, FOMREICOWT I SIS L T
VB H S,

AFElE, RFE2DOEMEZEHEEONEZHMN LY
DTH D, 8K 25 EMOMEEMDIENTH 5729,
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il 2 DRFFEREIZ O W THERICN S 2 L3 TE L n -
72, cof, KR EED R ICBEC LA TEL S
v, L, BEICESEEb-ETNE, 20634
T, WM BB TH 5. ik o E 7 e R
(BRAE D [E] R3S T S AR W ge ) B RGEAZET D ) =,
B LU, WROTRE L HFEZ D ZZEANDHEED
FHRIZ, ZoEE) TLE ) EEB L ET S,
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Structure-activity relationship between mutagenicity and NO:
substitution of nitroarenes, and the presence of mutagens/
carcinogens in excised lung cancer specimens from Japan

and China

Nobuyuki Sera

Fukuoka Institute of Health and Environmental Sciences
39 Mukaezano, Dazaifu-shi, Fukuoka 818-0135, Japan

Summary

Nitrobenzola]pyrenes (NBPs) and related nitroazabenzolalpyrenes (NABPs) are extraordinar-
ily mutagenic to Salmonella typhimurium. 3-Nitro-6-azabenzolalpyene-N-oxide is especially
mutagenic and the NABP was found to be a more potent mutagen than 1,8-dinitropyrene.
Mutagenicity of NBPs and NABPs was associated with the position of substitution of the nitro
function when NO:. was substituted at the third position on the BP and ABP structure. The
mutagenicity of 22 nitrophenanthrenes and 19 nitroazaphenanthrenes was investigated, and these
mutagens were activated by O-acetyltransferase esterification following nitroreductase and so
were active against TA100 rather than TA98. Mutagenic nitropyrenes and polycyclic aromatic
hydrocarbons (PAHs) were detected in resected lung specimens of Japanese lung cancer patients
living in Fukuoka, and in lung specimens of Chinese patients who were living in areas of high risk
for developing lung cancer in China.

(This paper, chaired by Toshio Sofuni, is the lecture of The JEMS Achievment Award (1997) presented
at the 26th annual meeting of the Environmental Mutagen Society of Japan, held at the Hadano Culture

Hall in Hadano, Japan, December 3-5, 1997.)

Keywords : nitrobenzolalpyrene, nitroazabenzolalpyrene, mutagenicity, lung cancer

FIELRRRERZAET 22 LIk VEREWE *
& FOHMICRET 5 K BE S L (Ames et al., 1975 ;
AH, B MIEIZELORBEHRMEICHESIN T Maron and Ames, 1983), & b ZHR ) F { BREEH HFE %
5. INHHERMEOPICIZEREWESCRVEAWE Y OEREWEVBREEINT WS, HRWEDOHT LR
BIENT D05, BRIEVERRI AN Z B ERIZ LY KAIT R TR (MDA L DA TEH ST
MR 2 13 R W LA ETH L, LALIE 5. L2 L KAHRONE 3RS % 5 A HRER
F, FEOMK, Mlas LUBmEEH L CEOREk  DLEL X LIERELLTBY, ZOHRER, 2k
ZAX T2 H 6 DIE B IZ LRI R TR L T 3
Dzxt L, ABHEOPERAY Z 33 A fhH S KRN,

A 1997 4E 12 0 22 1

ZH 1998 42 H 16 1 AP THRFREZ 2RICHENT 274 — BV HEH
OH AB % R 72 HEROBHM-TEE-TETW S,
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ek, TS EHREETIEREMEICOWTIEN
VY BV S ED 2RI FRIRILKFE (polycyclic aro-
matic hydrocarbon, PAH) # L C Rl 2 #2547 D
NTERY, Z0ErY=baEV XD ZRERNETE
BRALKFED= b aiflifk (=trTL—) I220nT
YRR, WEhTos M, ERNTORERKS &
URDPAM L EIZOWTESDI|EPH S, LrL, £
o= tra7v—ri b ZDBELAMTH %
HERLRMFTERIRAOKFEO= b oFk (=te7T
HFTL—) I220nTIE, BEALHRIN TN,
22T, mulEEHEESTHRENI YV EV DY =
b @ik (Fukuhara et al., 1990 ; Sera et al., 1991),
TH Xy EVL » (Fukuhara et al., 1992 ; Sera et al.,
1992 ;1994), 7=z F v AV v BIUTH 72+ AL ¥
H= b oFEER (Sera et al., 1996) I22WT, KRIH
M, BEEh T2 b IcBET L7, 3 S ICE RIS,
KA RTREGEIECOVWTE P DREZIE
T 2 720, HlidtA BEOR IR 125 FE L T
W3 PAH BIU=toT7Lr—r%EH L (Nakanishi
et al., 1997 ; Tokiwa et al., 1993 ; 1994), BRELH UM
B EMA A B E DREBFRICOWTEE LT 72,

1. ZNOPL—2OBE - EREMHEE

Benzolalpyrene (BP) #= b aaf#fkiz>uwTIi3fiE
¥ 6 1-, 3-3 LU 6-nitrobenzolalpyrene (NBP) (2
DWTERENS L URPAMFEOWMELH LT
LBR(EHEST W L2 b, BPOY= L ol kTH
% 1,6-3 X U* 3, 6-dinitrobenzola] pyrene (diNBP) %
AL, Fo%REN, R To%E), EerE s
FURPATFICOWTRET L2,

1) 1,6-6&KV 3,6-diINBP DERFRY

Fig. 112 1,6-8 X ¥ 3,6-diNBP # & U % DBELA
MoREE 2R L7,

Table 112, HHZERIEWE D S. typhimuirium TA 98,
TA 98 NR, TA 98/1,8-DNPs, YG 1021 5 K ¥ YG 1024
Bzt % S9 mix FEGAE FTOERRGEMEDORRERL
72. 3,6-diNBP (3 TA 98 #kiZxf L T 400 rev./ng (100
%) DEREEEZRL, = oELEEREKTH S
TA 98 NR ¥ T3 256 rev./ng (64 %), 7t FI)VinFeEE
FRIMTH 5 TA98/1,8-DNPs ¥k T2 3.8 rev./ng
(0.95%) #7x L72, TA 98 ¥kic = b v cRE R A R
FEBA L YG 1021 #£ T3 240 rev./ng (60 %) D%
RIEEZIRL, TEFNEEREREAEE T ZBALL
YG 1024 % T3 4,800 rev./ng (1,200 %) (2h5h S 172,
72, TA9SHIZxTT 2 S9 mix fA{E FTOLRREEEE
3.8rev./ng, TA 100 FRIZA 3 % S9 mix JEAF4E M5 &
UDHAE FTOE RGN 366 35 X 3.5rev./ng TH -
72, SHHDREED L, 3,6-dINBP 13, = b mEICEER

98

I LT FNEBERICL > THEE(LINE 7V -4
7 MRIDWHERERGEWETHLILZHLNICL
A8

2) 1,6-B&U 3,6-diINBP DIRIERRE

KRR FIRE 3, MK 2—LZTH 75
—ZHWTT 7 0 v WA IR L 72, BRI
KA b= RRE I3 P 26 ppb TH 72, KR
TR TR 2V 7 aa 2 g o TR L, Bk
B4, Wi L, i — i Bl E b e sy 2 43 hl L,
hEESER IV ) AXNAS L IO N T T T 4 —,
HPLC T4 L 721%, GC-MS % 5 Ui MS Tt
L2

& L 72 3, 6-diNBP DR ZR - IKE 1g H72 1),
0.0017 (0.00013)-0.098 xg (0.0017 ng/m®) ThH -7z
ZDfh> PAH DR IR T IKWE 1g H721), pyrene
750.62(0.057)-47.2 ug (9.2 ng/m®), fluoranthene %*
6.8 (1.2)-134.4 ug (32.1 ng/m?, BP #50.31 (0.055)
-31.9 ug (5.4 ng/m*), 9-fluorenone »*0.39 (0.069) -
19.5 ug (3.6 ng/m?), phenanthrene #*0.93 (0.16)-
25.3 ug (5.0 ng/m®), benzolalanthracene #*
0.99 (0.24)-1.37 ug (0.23 ng/m?®), chrysene »*
1.05 (0.25)-1.97 ug (0.33 ng/m?), perylene #*
0.62 (0.057)-2.72 ug (0.46 ng/m®) # £ V¥ benzol ghi]
perylene 2.3 (0.41)-126.2 ug (25.4ng/m*) TH -
72, = hETL—rDRERRTRME 1ghrc), 1-
nitoropyrene (NP) %¢0.13 (0.0097)-0.58 ug (0.14 ng/
m?), 1,3-diNP #*0.014(0.0013)-0.021 xg(0.0016 ng/
m?), 1,6-diNP #0.011 (0.001)-0.023 ug (0.017 ng/
m?), 1,8-diNP #50.018 (0.0017)-0.074 xg (0.013 ng/
m®), 3-nitorofluoranthene (NF) %% 0.17 (0.013)-0.98
1g(0.23 ng/m*), 3,7-diNF #¢0.011(0.0011)-0.102 ug
(0.024 ng/m*®, 3,9-diNF #*0.011 (0.0011)-0.098 ug
(0.023 ng/m®) TH 72,

KT E b o0 B 7 W R A ISR (3,
1,3, 1,6-8 X1 1,8-diNP, 3,7-3 & Uf3,9-diNF,
3,6-diINBP D =boT7L—rThb. L2LEZOKR
JEHEANDHHHRIZ 15 BRRETH Y, FIEELEEDER
BB EREL TR EEZHNE, ZOHREELT
I3RFETH» HDIFWGE, 74 —E¥LBLUAYY) VH
B 5 DPEAT ZFIT L A Z N L IZNZ,
KAHTO RN GERLHEZ LD,

3) 1,6-8&U 3,6-diNBP D in vitro TOD:ETTH

i

B FBOGE 3, 50mM F b U 7 A — ) R 1T
(pH7.4) 1m/ "2, 0.02 gmol M 1, 6- F 7213 3,6-
diNBP, 1-F72(3 3-NBP, 1 gmol ® EDTA, 1 #mol ®
NADPH Z 7213 NADH, &# 1 mg/ml (3% L 72
W 'ZE Loy 20 5% 5. BOCITAF F 72 (3R R T
T, 37C, 30 Wit~ 72k, ZunkiV L/ A8/ =)

©©©

(3-NBP) (3,6-diNBP)
NO2 0;
O:NO o)
(1-NBP-6-Q) (1,6-BPQ)

(1-Nitroso-6-NBP) (1-Amino-6-NBP)

©© 5 Nm

NO2

(3-Nitroso-6-NBP) (3-Amino-6-NBP)

O:NO

(3-NBP-6-Q) (3.6-BPQ)

Fig. 1 Structure of nitrobenzolalpyrenes and its related compounds

Table 1 Mutagenicity of nitrobenzolalpyrene and its related compounds

Chemical Mutagenicity (-S9 mix, rev./ng)
TA98 TA98NR TA98/1,8-DNPs YG1021 YG 1024
1-NBP 2.2 0.4 23 118 63
3-NBP 4.6 0.8 38 109 22
1-Nitroso-BP 6.4 6.8 5.9 = —
3-Nitroso-BP 20.6 18.9 217 = o
1-Amino-BP 2l 2.6 2.7 — =
3-Amino-BP 12.8 11.8 12.2 = =
1,6-diNBP 4.4 0.9 0.1 6 242
3,6-diNBP 400 256 3.8 240 4,800
1-Nitroso-6-NBP 0.5 0.1 0 = =
3-Nitroso-6-NBP 0.2 56 0.95 = =
1-Amino-6-NBP 0.16 0.11 0.15 0.15 4.7
3-Amino-6-NBP 1.9 1.2 1.7 0.77 16.1

1:1, v/v) 2ml 2252 ik ->TREEELL,
BOSAERE 7 aa kv s 2ml THH U, SE# L,
A% /=N 1ml &ML 72, HPLC TERZ1T- 72,
1,6-3 X 1F3,6-diNBP »%, $lgE LS 12 X 5 in
vitro TOREICHIHIZ L D, 1-8 X U 3-nitroso-6-
NBP Z#: 7T 1-8 £ U 3-amino-6-NBP ~ & U s 115
BITHEE 2 WE L7z, ZOEE, 1,6-diNBP 13, B
R T THiEE % NADPH #4112 & - T 1-nitroso-6-
NBP # 25+20, 1-amino-6- NBP % 58+19, #ii §# %
NADH # iz & - T 1-nitroso-6-NBP # 25420, 1-
amino-6-NBP # 46+7 pmol/mg protein/min 4:/% L
2. —7%, 3, 6-diNBP |34 5% F ¢ NADPH iz
& 5T 3-nitroso-6-NBP # 89+15, 3-amino-6-NBP
% 112+15, NADH M X - T 3-nitroso-6-NBP #
143+11, 3-amino-6-NBP # 46+7 pmol/mg protein/
min ZER L 72, BRI, BEEISMF T NADPH #hnic
& 5T 3-nitroso-6-NBP # 242+64, 3-amino-6-NBP
% 8474102 pmol/mg protein/min, NADH &= &

- T 3-nitroso-6-NBP # 100+11, 3-amino-6-NBP #
141+21 pmol/mg protein/min 2 L7z, 246 D
E» 5, 3,6-diNBP (285, NADPH fff FC &
LDOTERILINRT L, TOHORBITTHDEINRT RT3, 6-
diNBP Ot fnitt (BREMB L OH»AM) 41,6~
diNBP, 1-8XU°'3-NBP &) inwZ &L bB#E L T
WwahinrEbii,

4) 1,6-8&UV3,6-dINBP DSy NTHTIHEA

At

FEHAFERICIZ F 344/DuCrj HEMEZ » F 26 L 72,
1,6-8 L U 3,6-diNBP, FitExtlETH % BP I3 — X7
vy 2R/ MY AT)) AZERL, Ty F1EHRD
1,000, 200, 40 3 LU 8 ug DIRET, 1-B L U 3-NBP
132,000 ug DIRET, IFHEABHEIE—-—X7y 727X/}
VATV DAE, Tv MR TICHEMEL 2,
R FHES ASRAE L7 T v b I3EMERE /Y774 &~
uM 7oy 7 (HY), 4-Tum) L, ~=hFx2) -
IF Y ritarito7z, 3,6-diNBP O 1,000 ug % %5




Table 2 Mutagenicity of nitroazabenzolalpyrene and its related compounds

Chemical Mutagenicity (-S9 mix, rev./ng)
TA98 TA98NR TA98/1,8-DNPs YG1021 YG1024

1-N-6-CBP 134 54 14 273 1,080

3-N-6-CBP 539 156 29 82 3.810

1-N-6-ABP 32 353 270 352 2,750

3-N-6-ABP 38 308 63 34 7.670

1-N-6-ABPO 115 123 47 106 1,930

3-N-6-ABPO 1,260 1.360 80 1,185 30.500

1,6-diNBP 4.4 0.9 0.1 6 242

3,6-diNBP 400 256 4 240 4,800
L725 v DWW FHEED A 3% 24 B H 12 Noz NO2
BI85 0, 200 g FFERET 13 26 BH 12, 40 ug HERERET
1263 B H 2, 8 ug HREEECTIE 87 HH I 1 1L/ 294k F @@ @
WEsis & L 72, BP 0 1,000 ug £ 45FE L 725 b e ,
IO 1 RIS Sk R BRI 25 BH BB S 1L 200 4 oo (IN-6-ABP) (1N-6-ABPO)
BREREC 13 26 B H 12, 40 g SAERET I3 32 BH IS, 8 ug
BB T3 618 H 1= 2 ICA9% PRI £ o L 7o, K FI . 00, 100,
) HLCF T L L2 3L & AL AR LR © QOO ™ Q00
0, FRE 7SR (storiform pattern) %7k L7z, v
3,6-diNBP # £ UF BP 0 PR RAMIE 7 0 & xoco - N6 ABPO)

b ETIVTHGETICHENT 5 &, $EMERE & B NIEE D
B ORI IZRERFA L2 H Y, 3,6-diINBP L O°
BP ? 50 % M %5 3 £ i B (TDso) (3744 8 & 0¥ 299
nmol/rat £% 1), 3,6-diNBP 7 v MIx§ 2 HHA
BREIZIBP L) 355w L b o7,

2. ZNOFPYPL—2D\E - EREHEE

azabenzo[alpyrene (ABP) = I wifiifks L 0%
DOREALATH % 1- B & U 3-nitro-6-cyanobenzo
[a]pyrene (N-6-CBP), 1-1 & U* 3-nitro-6-azabenzo
[a]pyrene (N-6-ABP), 1-3 X ¥ 3-nitro-6-azabenzo
[a]pyrene-N-oxide (N-6-ABPO) Z A L, ZN%H
JGHE, BREIH TOEEE IOV TRE L7,

1) nitro azabenzolalpyrene 8 XU ZDE
EEEVDERRY

Fig. 2 |2 nitro azabenzola]pyrene & U % o B
LMo %R L7,

Table 2.2, A RIGYIE D S. typhimuirium TA 98,
TA 98 NR, TA 98/1,8-DNPs, YG 1021 3 £ UF YG 1024
BRICH T 5 S 9 mix FEFEFTOERFEEDIERERL
72. 1-B XU 3-N-6-CBP {3 TA 98 #RICA LT 134 B &
539 rev./ng (100 %) &EWwARE 2R, TAIS
NR B T2 54 (40.3) 3 £ U5 156 rev./ng (28.9 %) & &

F ) ERGFEOML T HHED 51T, TA 98/1, 8-DNPs ¥k
T14 (10.4) BIU29rev./ng (5.4 %) & &R
SHE IR L2, 272 YG 1021 T3 273 (203.7) B &

100

Fig. 2 Structure of nitroazabenzolalpyrenes and its
related compounds

U832 rev./ng (154.4 %) BRGNS H T ) HmI
¥, YG 1024 ¥ T 1,080 (806.3) 3 L 1¥ 3,810 rev./ng
(706.9 %) & ERIFHLGHFICHEI N, 1-BLU3
-N-6-ABP (3 TA 98 ¥k iC & L T 352 8 & U¥ 348 rev./
g (100 %) &@muwEREMHEZ/RL, TA9ISNR#TIZ
353 (100) 5 £ 1¥ 308 rev./ng (88.5%) L& F ) AR5
HEAME TR, TA 98/1,8-DNP;s #% T 270 (76.7) .BJ:
63 rev./ng (18.1 %) & & BIGHEASHE IR L
YG 1021 ¥ T3 352 (100) 3 & UF 354 rev./ng (101.7 %)
EEBEENSD F ) RE ST, YG1024 ¥k T
2,750 (781.3) B XU 7,670 rev./ng (2,204 %) & %%
JEMEASHE ISR S L2, 1-8 X UF3-N-6-ABPO (3
TA 98 Bkizx LT 115 8 £ 18 1,260 rev./ng (100 %) &
FEHITEmEREEZRL, TA 98 NR T 123(107)
B LU1,360 rev./ng (107.9 %) & & F ) R 1EHME
¥, TA 98/1, 8-DNPs # T 47(40.9) 3 £ UF 80 rev./
g (6.3%) &ERFMEDSEE WA L7z, YG 1021 %
T2 106 (92.2) B L1 1,186 rev./ng (94.1%) & %45
B H F ) MES T, YG 1024 ¥RT 1,930(1,678.3)
B L130,500 rev./ng (2,420.6 %) & & RIGMEHBHE S
Hgod X L7,
VIR EREME1-B LU 3-N-6-CBP =}t 7
L —>, 1-B XU 3-N-6-ABP, 1-8 X UF 3-N-6-ABPO

Table 3 Mutagenicity of nitroarenes and nitroazaarenes

Chemical Mutagenicity (-S9mix, rev./nmol)
TA 98 YG 1024
3-Nitro-6-azabenzo[a]pyrene-N-oxide 396,000 9,580,000
1,8-Dinitropyrene 296,000 6,190,000
3-Nitro-6-cyanobenzolalpyrene 174,000 1,230,000
3.6-Dinitrobenzo[alpyrene 137,000 1,640,000
1.6-Dnitropyrene 126,000 4,120,000
3.7-Dinitrofluoranthene 123,000 6,600,000
1-Nitro-6-azabenzolalpyrene 105,000 820,000
3-Nitro-6-azabenzo alpyrene 104,000 2,290,000
3.9-Dinitrofluoranthene 104,000 1,910,000
1,3-Dinitropyrene 85,900 1,190,000
1-Nitro-6-cyanobenzola]pyrene 43,100 348,000
1-Nitro-6-azabenzo|alpyrene-N-oxide 36,100 606,000
3-Nitrofluoranthene 4,670 57,000
1.6-Dinitrobenzolalpyrene 1,510 82,600
3-Nitrobenzola]pyrene 1,370 32,000
1-Nitrobenzo[alpyrene 650 35,000
1-Nitropyrene 470 2,870

3,5-diNPh 3,6-diNPh

NO2 ‘ No2 ‘]
o X

1,10-diNPh

NO2
NO2
NO2

2,6- lePh 2,9- lePh
@
NO2 NO2 02
3,10-diNPh 4,9-diNPh 4,10-diNPh

NO2 ‘
t’ oy
NO2

NO2

NO2

1,5,9-triNPh 1,5,10-triNPh 1,6,9-triNPh 1,7,9-triNPh NO2
NO2 e r e NO2 NO2 r
NQ2 l I
NO2
NO2

2,5,10-triNPh 2,6,9-triNPh

3,5,10-triNPh

3,6,9- tnN Ph

Fig. 3 Structure of polynitrophenanathrenes

FOZ o7 HFT L — v FEEICECEREREARL,

SPoBEMELY LT F BRI L - TR
SHB 2 & HW 6T % - 72, KRS 3-N-6-ABPO (2, 81
ERLNTWE= o L—oBL= baTH# 7L —

CHEDBEHRERIEWEO N T LMW TH -7 (Table
.

2) nitro azabenzolalpyrene & & U'#MDE
EEEVORIBEPRE

1-5 £ UF 3-N-6-CBP, 1-8 X ¥ 3-N-6-ABP, 1-5 &

U 3-N-6-ABPO HFDREEHIREZWH L2 ICT 5729

2, KA, Z0HRFELFEZLNE T4 —ELBLUY

V) HENHD S DPERAT ZIZOWTRE L2, £k
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4/3 2| NT N7 I
Oy U CO
NO2 NO2
8-N-1-APh 6-N-4-APh 8-N-4-APh
NO2
3 20 4 0
b A X
O N/ O N/ N/
4-N-9-APh 5-N-9-APh 6-N-9-APh
7

2-N-9-APhO 3-N-9-APhO

o\ 7
NO2
8-N-4-APhO
e}
NO2 ‘] N%} N7 ] *NZ l
A NO2 NO2
OO ANSe
?) NO2

5-N-9-APhO  1,5-diN-4-APhO  1,8-diN-4-APhO

Fig. 4 Structure of polynitroazaphenanthrenes and its related compounds

B, = b THT L — A IHHER A ERIR S LB kIR
WEICIzEEINT, EICT v x—74 b XAD-4 5
BRI N E 7 ZROMWRFIZEENDE L) FEZRT
ZEehbhoiz,

BB L= a7 T L —r iRk, KAGRE T
HRKDOWRIF 1g H72D, 1-B LU 3-N-6-ABP »%
nzxEh, 1.1 0.09 BLwr1.2ng (0.11 pg/m?), 1-B
L 1F3-N-6-ABPO #°0.8 (0.07) 3 X 1r0.3ng (0.03
pg/m?®) TH 72, 74 —ENHRED 5 (347 Z KD kL
Flgh’zD, 1-BLXU3-N-6-ABP »# 4.9 B L U7.7
ng, 1-8 XU 3-N-6-ABPO #2.2 5 L 1)3.8ng, 7V
) BRI S I131-BX3-N-6-ABP »#*3.4 B LU
49ng PN T BT thtbh Tz, &, T4 —F
WHRE 2 SR FRME 1gh7zY), 1-NP A°37.4
ug, 1,3, 1,6-8 LU 1,8-diNP #70.076, 0.151 &5 L U*
0.23 ug, 3-NF »*12.6 ug, 7V »HkE» 6 3RS
KW 1gH720, 1-NP#0.32 ug, 1,3-, 1,6-B LV
1,8-diNP #£0.048, 0.061 3 &£ ¥ 0.079 ug, 3- NF ¥
0.21 ug fRH S 72,

INLDRERED L, 1,3+, 1,6-8 LU 1, 8-diNP, 3, 7-
# L 17 3,9-diNF, 3,6-diNBP N =F a7 L 3 KRA
TR IR ICE EN T BEDITH L, 1-B XU 3-
N-6-ABP, 1-3 X Uf 3-N-6-ABPO D=k o 7H#7 v
VIFKRAH DA ZAROBRLFITEFN TV BHEREL
TWHHEREWE THL I L2 LT L,
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3. 7xFVALY, PYIIFVALYDZb
OFBHORBE - EREHHERE

Fig. 3 I phenanthrene ® € / = b o &K 3 Fi
(NPhe), ¥= b ok 11 #% (diNPhe) 3 LU+ Y
= b oAk 8 O AR 22 O E &, Fig. 412
azaphenanthrene ® € / = F v i H (K 7 F
(NAPhe), azaphenanthrene-N-Oxide €/ =} &
MR 10 FE 5] (NAPheO), ¥ = b v ifiE(k 2 fl X
(diNAPheOQ) DAl 19 FHOMEE 2R L7z,

Table 4, 5 ([CHRE BIGPE 41 B S. typhimuir-
ium TA 98, TA 98 NR, TA 98/1,8-DNPs, TA 100,
YG 1021, 1024, 1026 35 X 10X 1029 #¥ki2xf3 5 S9 mix JF
e FTOEREHOERER LI, Thbon=taT
V=, =taT7H¥TLr—13, TA LD L TA 100
Bk TReR0uR A FRIFE 2 R 3 H A A 4R R o IR Y A SR
EMETH DI LN LT,

55 N BRI 2 ALEICT T 5728, A7)
v 7RI A M) =ik BEALRITCELLORE, 2-f#
EEFE TAM 1] 12 & 2 K% #hiE (LUMO) B & U7 =
Fr 2LV EKE=bbodr o HfA (dihedral
angle) Z K, MiEDBE 2D\ TG L7z, £ DRER,
=t 7zFrAvrid=bofkofirHlnyse 18
FTHOBIEARERTLS A2, Y=btnr, P)=F
ok 2 & HOBICEMIZ= b A infiE 2
rIoTET B bt —F, =buaTH 7=
FUAVYBIUN-FXL FfEn 1, 2 EFHNET

Table 4 Mutagenicity of nitrphenanthrenes in the Salmonella tester strains

Chemical Mutagenicity (rev./nmol) in S. typhimurium His-strains (-S9 mix)

TA98 TA98NR TA98/ TA100 YG1021 YG1024 YGI1026 YGI1029

1,8-diNPs

1-NPh 105 0.4 10.7 327 1,321 2,135 572 4,839
3-NPh 321 119 29.9 629 6,181 20,548 466 11,309
9-NPh 58 0.9 1.6 446 1,131 5,319 1,203 16,728
1,5-diNPh 4 0.8 0.8 5 268 634 115 1,224
1,6-diNPh 117 1.9 38.3 1,244 5,458 12,403 2,305 20,209
1,10-diNPh 0.8 0.5 0.5 2 1:1 209 1.6 I
2,6-diNPh 729 yn 54.4 1,788 4,054 7,868 1,882 11,872
2,9-diNPh 3 0.8 2.4 586 619 761 281 4,620
2,10-diNPh 117 2.7 19.6 243 403 1,594 188 1,327
3,5-diNPh 70 3.8 2.4 239 410 1,465 192 3,060
3.6-diNPh 93 3.5 3.8 2,117 6,210 24,500 1,498 24,926
3,10-diNPh 107 3-2 1.9 1,367 3,196 85522 752 10,197
4,9-diNPh 1 0.5 1=1 2 1.1 2.4 3.5 7.2
4,10-diNPh 107 1.9 3.2 160 91.7 382 137 18
1,5,9-triNPh 168 33.8 8.8 115 237 1491 90.8 635
1,5,10-triNPh 14 4.4 1.3 4 180 93.9 68.9 131
1,6,9-triNPh 1,034 277 88.3 1,336 1,558 4,394 724 420
1,7,9-triNPh 358 213 181 720 894 3,569 686 4,377
2,5,10-triNPh 63 5.9 4.1 370 458 3,656 111 5,969
2.6,9-triNPh 178 18.5 M | 1,212 1,467 3,418 804 7,568
3.5,10-triNPh 50 b 13 44 110 447 178 1,448
3,6,9-triNPh 531 51.6 4.7 1,282 2,275 13,087 898 8,638

Table 5 Mutagenicity of nitroazaphenanthrenes and its derivatives in the Salmonella test strains

Chemical Mutagenicity (rev./ug) in S. typhimurium His-strains (-S9 mix)

TA98 TA9SNR TA98/ TA100 YGI1021 YG1024 YGI1026 YG1029

1.8-DNPs

8-N-1-APh 538 42 0.3 1,046 8,479 35,600 13,040 1,246
6-N-4-APh 2,052 149 530 6,060 42,370 6,260 46,800 11,020
8-N-4-APh 828 16 141 1,528 14,480 7,980 1,282 4,018
4-N-9-APh 112 31 48 160 806 609 785 401
5-N-9-APh 6 2 1.6 7 47 18 53 9
6-N-9-APh 728 168 98 818 1,050 3,478 5,194 788
7-N-9-APh 452 61 185 251 850 1,018 918 408
5-N-1-APhO 3 1 0.7 6 16 9 16 8
6-N-1-APhO 150 99 82 493 1,247 170 5,949 718
8-N-1-APhO 38 3 17 113 998 79 1,310 122
5-N-4-APhO 63 15 19 146 247 87 97 92
6-N-4-APhO 700 142 215 1,854 6,893 1,818 7,258 4,354
8-N-4-APhO 67 4 23 151 1,038 786 1,528 704
1-N-9-APhO 764 170 482 1,252 1,756 915 4,627 897
2-N-9-APhO 213 20 36 148 174 639 737 106
3-N-9-APhO 634 141 684 173 596 3,482 748 413
5-N-9-APhO 4 1 0.5 b 16 12 38 7
1,5-diN-4-APhO 10,460 6,420 1,440 2,906 24,980 11,637 9,541 6,575
1,8-diN-4-APhO 5,580 1,716 5,240 8,440 21,640 11,002 48,850 5,916

B, N-F ¥ FIA>S THHhR> 72+ 2LV OIET
WMLTHY, Hc1EFHORTEMII7=F > 2L
v L LT, 7HERIZH 100 mV, N-7 % & BT 200
mVELTINRT Lo TWwbI ehabhrat, Thb
DL, PH=ro72F AV id, =bv72

F AV L ALFERN B L TWwb &
LIEWERBMATRII NN, ZHUTEHEBINT,
N-# % ¥ FREIFICERFEEIME T L, £72, =bo
7xF AL DOLUMO 31 EFRICEMEAHMEL,
LUMO #& < AL e S e T Wb Aaig K odv
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Concentration (pg/g of dry weight)

2000
1-NP © Japanese
o ® Chinese

1500 - r=0.611

° 1000

©  Japanese
® Chinese
r=0.447

B[a]P

Mutagenicity (YG1024-S9, rev./mg)

T T

6 8

10 12 0 2

4

6
Mutagenicity (YG1029+S9, rev./mg)

10

Fig. 5 Relationship between 1-NP or Bla]P and mutagenicity of extracts of lung specimens removed
from Japanese and Chinese

Table 6 Mutagenicity and mutagens detected in the resected human lung in Japan and China

Chemical

Concentration (pg/g of dry weight)

Japanese

Chinese

Carcino

ma Tuberculosis

Carcinoma

1991-1997 (n=261)

1961-1962 (n=35)

1991-1997 (n=26)

1961-1962 (n=37)

1991-1997 (n=21)

Mutagenicity (rev./mg)

YG1024 (—S9 mix) 3.14+1.92 = 2.40+0.95 = 2.77+1.71
(+S9 mix) 4.40+2.10 — 3.40+1.32 = 3.14+1.92
YG1029 (—S9 mix) 1.62+1.33 = 1.35+1.07 =5 6.22+2.07
(+S9 mix) 3.61+1.44 = 3.47+2.11 = 9.16+2.17
Nitroarene
1-NP 19.70+10.5 32.30+12.3 18.70+11.4 26.40+14.6 5.90+2.40
1,3-diNP 3.50+0.14 5.50+1.17 2.60+0.17 4.20+0.35 =
1,6-diNP 4.82+1.69 6.15+2.14 4.60+1.80 5.60+2.84 =
1,8-diNP 6.26+1.76 8.54+1.76 6.10+2.10 8.40+2.45 =
PAH
Benzolalpyrene 196+114 301108 178+118 274+116 959+473
Benzolk]fluoranthene 399 +220 399220 516125 426+264 151+ 90
Benzo[ghilperylene 138+ 82 138+ 82 168+ 95 162+168 276240

BRIGEEZR LY, BB s -7, L
7L, dihedral angle Dk & X 3 ERGEENHRE & IEH
IZ& <HIB L, dihedral angle 75/h& < = b a¥h»7 =
F v AV CBEEAE L Rl PN F Y 5 ) 7 A R
ziRL7, $4bb, =t 72+ 2V nERENE
DiES I, = P e RO AN RICD IR T I LD D,
= bR TR TR E CREL, s 2R
BALKBEEAN S I E N e BRI Z2RT 2 L A9R
WXz,

4. ENERPCHET IEESME
AF THRIEICIIME 2 DG EAET L &M
LT LTERD, INHDRBEHEWEH»EREICE b
ICEDFEDHER 52 TV EPIZOWTHAB L
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[El D il s A i # O Fl Bl AL 12 IE#F R 3 % PAH B
JUO=taT7rv—ro¥&fitREoNER L.

ST 72l iR 28 i & 68 ik £ TORlintA &
#Zr LB ISR IR LT, AARNIGEEA S
Fe DRV =) SHEAS IR, Kiibid bn ki)
B X UHKSEEA 354 Wik, PEIAMGER (kA &
W, iAsAGTIEFELEH 25 %) 25k = ) SHEA 21 B
&, A5 380 IR TH 5. MlialkHIM 44 L, 0.1 M +
MU A—Y) SEERRERE (pHT7.4) ICBKL, K bo
CTEREVFAXLIME, YZunAs NI TEE
WeAhit U, BikiE@%, WERHEL, H—woi, 77
Lzwvaw b7 74—, HPLC T4k # L 72 1%,
HPLC % 682 GC-MS Tarfr L 7z,

ST L7z B A X O [E NG OB ML 1 ) 28 S
I3, YG 1024 # S9 mix EfFE FTENZFN 3. 14+

1.92 8 £ 2.77£1.71 rev./mg, YG 1029 ¥k S9 mix 7
ETFTTENZEN1.62+1.33 B L16.22+2.07 rev./mg
Thole, HENEREMETH 5 1-NP LR 3
YG 1024 #& S9 mix JEAFAE T TOLRIEH: GG r=
0.456) &, [HERILRIEWE TH 5 BP LRI E 13
YG 1029 #& S9 mix fA1E FTOLE R GHIEGE LK r=
0.835) X AHPBHA 2 4172 (Fig.5). 1-NP i (3 H A
BLUBEAMRE 222119741058 L
5.9+2.4pg/g L HARNNG B2 A EIcEm Wil 2R L,
BP I3 Z L2 1964114 55 £ 1 59+473 pg/g T
D, PEAMGREY>HEICSCE %7 L7 (Table 6).
EHHE, BERTIE, BRFEL S ICHEBICIIKRE LT
ARZEMLTEY, BEARALITOA TR WD,
FRDIRBEIZ ) ENREIKRELERE LTEZ LN
%, i A BEDERMISHE L T 2807 % 17 -
EZH, KT RWME1gH 72, BP 49646 ug,
benzo[k]fluoranthene 7% 39+4 ug, benzol[ghilper-
ylene 7° 548 ug TH V), Tith, ¥~ 2B LrEHD
BB AR T L322 ITEWETH - 72,

NHLDRRP 6, B MIKRAHIZIAL AT 2
DEBEHRMEICREINTHED, —HD 1-NP B LU
BP EDERIGE L R A MG IR ieH% LT
WRRZEZMLEMZ L, AARDMAA BE D4
P ICEHMLTYE I-NPBLUBPO/ Ny 2 75
FREEER1gh), ZRFN19.7E L 196 pg
THY, ZOREZXIMEEDRE (iR u 5 E 5 50
QIMHAT 2L 210998 L169.8 ng&%h, I
FEMPIHICKA» 5MATZ21-NP B LUBP &
(RAPIZEIND I-NPB LU BPREIRZ 2R,
0.068 5 £t 1.4ng/m? E F 1 HDOMENE 10 m?® &
LTHEMH) 0.68 35 L 05 14 ng IHIY L 72,

&

AFRTIE, HHERIEE 1,6-5 & 1° 3, 6-diNBP
FN= BT L—>, -8B L 3-N-6-CBP, 1-8 L 13
"N-6-ABP, 1-5 £ Uf3-N-6-ABPO %N = r o 77
V' — >, phenanthrene 5 X ¥ azaphenanthrene %
= Mo kR AR L, 20REENES BB
FBEM ST L K5Ik FEEIZIEE LT
SEBIGUMEDORBE LW L0z L, Ak, BHE
GO & b~ fEbRrE % I %53 2 2o, EbH
R E D UENH D EHZ LN,

B

E | 4
AFEIE 2L DRES D TR & OF L2 48 ) WL B
%m%ﬁm@%ﬁaqutﬁtgmﬁt.nmk%ﬁ

FEOK ASZBAZ, WL, WML T RO %
B VERAR, [ET RS RS IS o0 A
s B, EEE L, R RERICEOB
Pz, ESLEREEFRAT OB ML, JuNAepsiog
D Wil MHEFIR, US-EPA @ Joellen Lewtas % #)
D, KFEFRD K 212 DB 2D THALM L FIFE 5,
= 3 51{5%[’?‘”*% THEETIWEL f:[ﬁj[%%r%ﬁﬂé?ﬁ
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Summary

The germ cell tests detect chromosomal aberrations, gene mutations and aneuploidy
induced in rodent germ cells by chemical or physical agents. The rodent germ cell tests are
usually conducted by treating male animals. Recently, molecular cytogenetic techniques
(fluorescent in situ hybridization, FISH) were developed to detect aneuploidy in sperm
of experimental rodents and humans. A variety of assays are available which detect
chromosomal aberrations in germ cells of treated animals, i. e. the germ cell cytogenetic
tests, the dominant lethal assay and the heritable translocation test. Transgenic mice were
recently used to detect gene mutations in germ cells. This assay promises to be faster and
less animal consuming than the classical gene mutation tests in germ cells, the specific
locus tests with various recessive and dominant marker genes. Recent data with the
environmentally and occupationally important chemical 1,3-butadiene were used to
demonstrate the identification, characterization and quantification of potential genetic
hazard for humans. Clastogenicity data in somatic and germinal cells of mice and in
somatic cells of exposed workers were applied to the parallelogram approach for human

risk assessment proposed by Sobels.

Introduction

Newly occuring mutations are a major source of
the genetic burden of the human population. About
0.6% of all newborns carry chromosmal mutations
which impair their health. Of these, 37% are numeri-
cal anomalies of the sex chromosomes the best
known are the Turner syndrome (XO) and the
Klinefelter syndrome (XXY). Another 23% of the
human chromosomal disorders are trisomies such as
the Down syndrome (trisomy 21). Finally, 40% of
children born with chromosomal disorders carry
structural chromosome aberrations such as trans-
locations, inversions or large deletions. It is the
responsibility of geneticists of our generation to
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prevent an increase in the already existing genetic
burden due to our industrialized environment.
Therefore, we have to identify chemical mutagens
in the environment, to characterize their effects and
to quantify the genetic risk they impose on humans.

Identification of germ cell mutagens

This task is performed by animal experiments.
The main experimental object is the mouse. The
tests are performed almost exclusively by treating
male animals due to the biology of germ cell devel-
opment which allows easier experimentation with
males than with females. The main test systems
applied to detect the mutagenic effects of chemicals
by their respective genetic endpoints are listed in
Table 1.

Aneuploidy is a genetic alteration which has long
been ignored in mutagenicity testing. Recently,
molecular cytogenetic techniques (fluorescent in
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Table 1 Tests developed to detect germ cell mutagens

Test Endpoint Stage Germ cell stages tested
sensitivity
FISH Aneuploidy ves Spermatocytes
Transgenic mice Mutagenicity no All stages
Specific locus mutations Mutagenicity yes All stages
CA in mitotic divisions Clastogenicity no Spermatogonia
CA in meiotic divisions Clastogenicity no Spermatogonia and
spermatocytes
Dominant lethal mutations Clastogenicity ves All stages
Heritable translocations Clastogenicity ves All stages

CA =chromosomal aberrations

FISH = fluorenscent iz situ hybridization

situ hybridization, FISH) have been developed to
detect aneuploidy in sperm of experimental rodents
and humans (Lowe et al., 1996 ;. Robbins et al.,
1995). Preliminary unpublished data indicate that
diazepam, the active ingredient of Valium® is a
germ cell aneugen in mice and men. The data base
is still limitted and the protocols require validation
and improvement. However, it is likely that this
method may become a standard requirement for
genetic toxicology testing in the future, in particular
because it is able to bridge the gap between data
from experimental animals and exposed humans.

The transgenic rodent animal stocks were devel-
oped to detect mutagenic events in various tissues
and to correlate these effects with rodent car-
cinogenicity (Gorelick, 1995). These transgenic mice
also provide a tool for detecting gene mutations in
testicular cells. A collaborative study was initiated
to standardize and validate the trangenic mouse
assay for germ cell effects (Ashby et al., 1997). It is
envisaged that the transgenic germ cell assay may be
quicker and easier than the tranditional germ cell
tests for gene mutations, the specific locus assay (W.
L. Russell, 1951), the biochemical specific locus
assay (Malling and Valcovic, 1977) and the domi-
nant skeletal or dominant cataract mutation assays
(Ehling and Randolph, 1962 ; Favor, 1983). These
latter procedures require enormous numbers of
animals and are only justified to be performed for
quantitative risk asessment with known germ cell
mutagens.

Structural chromosome alterations have been
studied in germ cells of male mice for decades and
the protocols for these test systems are standardized
and validated (Adler, 1984). The dominant lethal
test is best established germ cell mutagenicity test
which detects stage specificity of mutagens
(Bateman, 1960). For this assay, mice are treated
with the test chemical and mated sequentially to
untreated females to determine the frequencies of
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dead implants in the female uterus. The sequential
mating scheme allows the detection of specific sensi-
tive stages of gametogenesis which is important for
genetic risk evalution. In case of positive dominant
lethal results, the heritable translocation test is
performed to determine the transmission of struc-
tural chromosomal alterations to the progeny
(Generoso et al., 1979) . Data for the environmentally
and occupationally important chemical mutagen
1,3-butadiene will be presented to demonstrate the
process from identification via characterization to
qguantification of the human genetic risk.

Characterization of germ cell mutagens

In this chapter, I will go one step beyond charac-
terization and also present an example of quantifica-
tion of heritable mutagenic effects. The steps of
identification, characterization and quantification
will be exemplified with the chemical 1,3-butadiene.
1,3-butadiene and its metabolism :

The monomer 1,3-butadiene is a colourless gas
which by polymerization forms synthetic rubbers.
Wide usage is made of butadiene in rubber indus-
try, tyre plants, petroleum industry and polymer
production. Two comprehensive reviews describe
the metabolism and its species differences as well as
other areas of toxicology of butadiene (Himmelstein
et al., 1997 ; ECETOC, 1997). The first step of
metabolism is a cytochrome P-450 mediated epoxida-
tion to epoxybutene which is further epoxidzed to
diepoxibutane. However, epoxybutene is also sub-
jected to glutathion conjugation or hydolysis by
which steps it is detoxified without forming the
diepoxide. Basically, the metabolic pathways are
qualitatively similar in mice, rats and humans,
however, the rate of GSH conjugation of epox-
vbutene is faster in mice than in rats or humans
while hydolysis of epoxybutene and diepoxybutane
is faster in humans than in rats or mice (Csandy et
al., 1992). The rate of epoxidation of epoxybutene to

Table 2 Doubling doses (DD) for butadiene-induced bone marrow
micronuclei (BM-MN) and heritable translocations (HT)

Experimental Spontaneous  Linear DD
Exposure Rates (%) Regression (ppmh)
Conditions Coefficient
0, 50, 200, 500 ppm,

BM-MN ] ) -
6h/d. 5d 0.27 1.12X10—4 2411
500, 1300 ppm,

HT . y —
6h/d. 5d 0.05 6.9%X10—5 725

diepoxybutane is highest in mice, lower in rats and
greatly variable in humans (Seaton et al., 1995).
These species differences in rates of metabolism are
important in view of the extrapolation of experimen-
tal animal data to humans and the major unresolved
question is whether mice or rats are the adequate
animal model for humans.

Carcinogenicity of 1,3-butadiene -

Butadiene carcinogeneicity was demonstrated in
mice at exposure concentrations as low as 6.25 ppm
(Melnick and Huff, 1992) and required much higher
concentrations in rats (Owen and Glaister, 1990).
Recently, restrospective follow-up studies of
workers employed in the styrene/butadiene/rubber
industries indicated an increased risk of leukemia
which was associated with the exposure to
butadiene (Delzell et al., 1996 . Macaluso et al.,
1996). Two mortality studies of workers in
butadiene production units suggested an association
between butadiene exposure and excess mortality
from lymphomas and reticulosarcomas (Ward et al.,
1996 ; Divine and Hartman, 1996). Thus, it is most
likely that butadiene is a human carcinogen.
Genotoxicity of 1,3-butadiene :

Butadiene metabolites form adducts with DNA
and hemoglobin (Koivisto et al., 1997 . Albrecht et
al., 1993). The latter could also be measured in
exposed workers (Osterman-Golkar et al., 1996). In
vitro studies and in vivo studies with somatic cells
demonstrated that butadiene and its epoxy-
metabolites were clastogenic and mutagenic (Adler
et al., 1997 ; Cochrane and Skopek, 1994 ; 1995).
Thus, it became clear that butadiene was genotoxic,
the metabolites interacted with DNA and the die-
poxide was the strongest mutagen of the epoxide
metabolites.

Germ cell mutagenicity of butadiene :

For genetic risk characterization and quantifica-
tion it was necessary to determine the mutagenicity
of butadiene and its metabolites in germ cells of
rf)dents. Butadiene induced dominant lethal muta-
tions in mice but not in rats (Adler et al., 1994 ;

1997 ; Adler and Anderson, 1994 ; Anderson et al.,
1997). The most sensitive stages of spermatogenesis
were late spermatids and epididymal sperm. Subse-
quently, it was demonstrated that butadiene also
induced heritable translocations in these germ cell
stages of mice (Adler et al., 1995). With these data,
it was concluded that butadiene was a germ cell
mutagen in mice and it was characterized to affect
late spermatids and sperm.

Quantification of the human genetic risk from
butadiene exposure -

The step of quantification of the possible genetic
risk to humans was performed using the parallelo-
gram approach suggested by Sobels (1980 . 1989).
The parallelogram approach says that if one has
mutation data in somatic and germinal cells of
rodents and in somatic cells of humans one can
calculate the expected germinal mutation rate in
humans assuming that the relationship between
somatic and germinal effects is the same in rodents
and humans. This procedure requires dose-response
data. The dose response data were available for
clastogenicity of butadiene in somatic and in ger-
minal cells from the mouse bone marrow micronu-
cleus test and the heritable translocation assay
(Adler et al., 1994 ; 1997). For both endpoints the
dose-response relationships were linear which all-
owed to calculate doubling doses. The doubling
dose is defined as the dose that induces as many
mutational events per generation as occur spontane-
ously and it is claculated as a/b, the spontaneous
rate divided by the linear regression coefficient,
from the linear equation Y=a+bX. The respective
values are shown in Table 2 and resulted in dou-
bling doses for the mouse bone marrow micronu-
cleus test of 2411 ppmh and for the heritable trans-
location assay of 725 ppmh.

Additionally, data were used of a human
biomonitoring study in the Czech Republic in which
a significant increase of chromosomal aberrations
had been found in peripheral lymphocytes of
exposed workers (Tates et al., 1996 ; Sram et al,
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Table 3 The Parrallelogram Approach for risk quantifica-
tion based on the doubling doses (DD) estimated
experimentally

Table 5 Calculation of expected offspring with reciprocal
translocations due to occupational butadiene expo-
sure of the male parent

< DD for aberrations in

in mouse bone marrow : lymphocytes of workers :

2411 ppmh 16394 ppmh

4 4

< Estimated DD for heritable
translocations in human
germ cells :
4930 ppmh

DD for micronuclei

DD for heritable translocations
in male mouse germ cells *
725 ppmh

Table 4 The Parrallelogram Approach for risk quantifica-
tion based on induced rate of genetic effects per
unit dose (ppmh)

< Aberration induction in
lymphocytes of workers -

Micronucleus induction
in mouse bone marrow cells -

21.2%x10°° 1.24x10°®
4 i[8
Heritable translocation < Estimated rate of induction

for heritable translocations
in human germ cells :
0.76x10°°

induction in male
mouse germ cells :
0.69x10°°

1996) . Since the human data did not allow to deter-
mine a dose response they were used as a point
estimate assuming lineary. The mean exposure con-
centration for the workers was 1.58 ppm. Using the
average life span of human lymphocytes (3 years, or
5520 hours if a year has 46 working weeks of 40
hours) as expsoure time the resulting exposure dose
was 8722 ppmh. The doubling dose was then calcu-
lated as the spontanous rate (2.03%) times the expo-
sure dose (8722 ppmh) divided by the induced rate
(1.08%) and came to 16394 ppmbh.

The three doubling dose values were entered into
the parallelogram (Table 3) and a doubling dose for
heritable translocations in human germ cells of 4930
ppmh was calculated (Pacchierotti et al., 1997). In
the same paper, the quantification was also based
on the calculation of a unit dose (Table 4) which
again using the parallelogram resulted in an estima-
tion of the induced translocation rate in human
germ cells of 0.8X107°° or 8 new cases of balanced
translocation carriers per 10 million live born for 1
ppmh of paternal exposure.

Both the doubling dose and the induction rate per
unit dose are very abstract figures. Therefore, the
authors went one step further and calculated the
risk for the actual mean exposure concentration of
the Czech workers (Table 5). Assuming that the
stages of sensitivity of male germ cells are identical
in mouse and humans the sensitive period in men
would last for 4-5 weeks or 200-240 working hours,
respresenting the duration of the stages of sper-
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Sensitive period of spermatogenesis in men :

4-5 weeks, i.e. 200-240 h

Mean exposure concentration at the workplace -
1.58 ppm

Effective exposure dose (concentration X time)
for workers :

320-380 ppmh

Induction rate per ppmh :

0.8x10°°

Expected cases of reciprocal translocations due to
exposure .

256-304 X 10°°

Spontaneous incidence of children with reciprocal
translocations -

879x10°°

matids and sperm in humans (Adler, 1996). This
time multiplied with an exposure concentration of
1.58 ppm results in an effective exposure dose of 320
-380 ppmh. With an induction rate per unit dose of
0.8X107°, the expected number of newborns with
reciprocal translocations due to the actual paternal
exposure would be 256-304 X10~°. This value has to
be seen in relation to the spontaneous incidence of
children with reciprocal translocations of 879x10°°
(Sankaranarayanan, 1982). By the above hypotheti-
cal calculation, the occupational exposure of the
male parent increases the genetic risk of having a
child with a reciprocal translocation by one third.

Conclusion

The present example of butadiene was used to
describe the processes of identification, characteri-
zation and quantification of the genetic risk. It is
important that before starting to perform germ cell
mutagenicity studies information is available on
metabolism, genotoxicity and somatic mutagenicity
of the chemical under study. An important role in
deciding to perform germ cell and/or car-
cinogenicity studies plays the mouse bone marrow
micronucleus assay (Ashby, 1986). A chemical posi-
tive in the bone marrow micronucleus assay will
trigger both a cancer bioassay and germ cell tests for
characterization and quantification of carcinogenic
and mutagenic risk.

The choice of the rodent species is critical. As for
butadiene, it could not be decided based on metabo-
lism studies if the mouse was the proper animal
model on which to base the calculation human
genetic risk. It rather seemed that humans were
closer to rats than to mice. If that was so, human
carcinogenicity was unlikely. However, recent evi-

dence emerged from epidemiological studies that
putadiene might actually be a human carcinogen. If
that holds true, then the mouse model regains
importance. For germ cell mutagenicity, rat data
were negative and only mouse experiments provide
useful data for the exercise of risk quantification.
This has been described in the previous chapter and
figures have been derived that indicate an increased
risk of translocation carriers among children born to
pbutadiene workers. If that increase will ever be
recognized in genetic epidemiology studies is doubt-
ful. However, it gives an order of magnitude of the
expected increase of the genetic burden in the worst
case, namely if men are like mice. There are many
assumptions underlying this risk calculation and it
only relates to one genetic endpoint, namely trans-
locations which are balanced chromosomal aberra-
tions. Carriers of these chromsosomal alterations
generally dont display severe congential malforma-
tions but are of impaired fertility. It is yet unknown
if gene mutations also present a sizable risk after
butadiene exposure. However, two arguments stand
against that possibility. Firstly, the primary active
metabolite of butadiene is the diepoxide which as a
bifunctional agent causes predominantly clas-
togenicity, and secondly, gene mutations were
found in somatic tissue to a lesser extent than clas-
togenic effects.

Despite the many caveats entailed in extrapolation
from rodent somatic and germ cells data and human
somatic cell data to germ cell hazard in humans, the
present data have provided the first reliable indica-
tion of the germ cell hazard to humans by occupa-
tional exposure to butadiene.
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Specific-locus mutation test using the Medaka : Germ-cell
mutations detected during embryogenesis

Atsuko Shimada and Akihiro Shima

Laboratory of Radiation Biology, Department of Biological Science, University of Tokyo
Hongo 7-3-1, Bunkyo-ku, Tokyo 113-0033, Japan

Summary

A specific-locus test (SLT) system has been established using the fish medaka (Oryzias latipes),
where recessive visible mutations (at the &, /f or gu loci) detected during embryonic stages (TM)
or after hatching (VM), and dominant lethals (DL) can be examined in the same individual F,
progeny of treated parents. It was found that about 90% of the F, embryos with y-ray-induced
specific-locus mutations were concomitantly accompanied by DL irrespective of doses and germ-
cell stages, suggesting that DNA alterations in such mutants might include both either one of the
marker loci and region(s) responsible for DL. In contrast, embryonic lethality of ENU
(ethylnitrosourea) -induced specific-locus mutants varied with the different concentrations and
germ-cell stages treated. DNA alterations at the 87 AP-PCR markers were examined for individual
dominant lethal embyros from 4.75 Gy-irradiated sperm or spermatids and the results indicated
that such embryos had multiple DNA deletions in the genome. To examine whether irradiated
male germ cells manifest genetic changes after fertilization, we began to investigate mosaic
mutations at the w! locus during embryogenesis. Wildtype inbred HNI males were irradiated with
Cs-137 y-rays and mated to non-irradiated newly established T5 (b/b ; If/If ; gu/gu ; i®/i®: wi/
wl) females. When sperm or spermatids were irradiated, a dose-dependent increase in the
frequency of mosaic mutant at the w/ locus was observed.

(This paper, in a session chaired by Yujiroh Kamiguchi and Akihiro Shima, was presented to the
symposium “A new research trend in germ cell mutagenesis”, organized by Tohru Shibuya, at the 26th
annual meeting of the Environmental Mutagen Society of Japan, and held at the Hadano Culture Hall in
Hadano, Japan, December 3-5, 1997.)

Keywords : Medaka,\ Specific-locus test, Germ-line mutation, AP-PCR
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Fig. 2 Dose-response curves for dominant lethals induced in sperm
(left), spermatids (middle) and spermatogonia (right) by y-rays
(0.95 Gy/min) . Solid lines : dominant lethal rates in the wildtype
embryos. The upper and lower 90% confidence limits were so
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small that they fall within the size of each symbol. Dotted lines ;
dominant lethal rate in the specific-locus mutant embryos.

Fig. 1 Dose-response curves for specific-locus mutations induced in sperm (left),
spermatids (middle) and spermatogonia (right) by y-rays (0.95 Gy/min).
Closed circles  total mutation (TM) rate in the F, embryos detected at 6
day posfertilization. Open circles ; viable mutations (VM) . Vertical bars
indicate upper and lower 90% confidence limits.

JERIEH ISEMTH ), RAEBBIEGICHBETE?
BLLCEMEMOVNLEOTH S, bbb, #kitf
RIRNERENTT 512 I3REBEDAZ 8%
BB, ATABFNIEL T Wb EHEZ, o
TZ7 v ¥— (Schroeder, 1969) Rt 7574 v a
(Chakrabarti et al., 1983 ; Walker and Streisinger,

1983) L X DBBEH W ICHEREREROME T LD
PHLN, WIFNLREREMLT 2 TIZIIWR6%
Moz, bilbNd' A &7 THF L 2 liila 22 sk 2
Bt R (3, B R BRI, HHETHIERER
BUEIE, S L ICHEEE—F, fkTRET 20T
% % (Shima and Shimada, 1988, 1991, 1994). 7=,
F. fA{KIZA 545 DNA O%At% AP-PCR 7 4 > 7' —
TNy MEREICE > TH#HXTW3 (Kubota et al.,
1992, 1995). AT, #@FE 12 F WD H KRR D
T &, Bl & F L2FRD TSRO W Tk < 5,

1. XhZzRLBHIR

FREMALETIE, BRIEFTRAELCHEEROB L, #
NIV EGSBRIETIEICOWTH L LOHMER T -
TV ARRRHEDAK (F25—) LERTEIEIZES
T, F, T2 DEEFHEIZ 51T 2 1D R R % H
T 5. A T TIIRAED GBI RT3 p (R
ERIZBANE ; ZH1% 2 B TRB), If (AaEiaxi ;
ZH®R2H) BXWguw (MLEML; 2H1% 3 H)
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(Tomita, 1990) & HARKRER% 3 EHMEREICH-
TARY =Bk L, N 6EREIETEIZET 2 545
P HHMRNDOEDL ) DRREREZBRBL TV 5,

ST, WEEMTH S A5 HTI3, WBEMTHZ~
TR EEST, BUBGE (WHLL L S 20MEHREIC &
STF PREBPTIECT 22 L) R LICL2RER
WIRDFE A AIEH 1B W L5, bRbh oW
DPo>TwE, AFZHEHGCLHEIE, BBLRERY
HTH->TYH, BEBIETHEICBT2RRER %2 H )
CHEECHETE 2L wImich b, FIzZIE, ZEAr
DEMEBIEIR (S, KBRS & 2 BRERHER, N 725
T HIELET 5,

2. v WMBRNEEMURAZR

R T HREEMRIRERICBWT, F 7D (4145
FIRER] (3, 2T RATHDWHO BFREMENIRINE LR (2
MU 2 TH B, ThFTIIBLN y RFBRAE
RIRERR(L, =7 RFFE N 2R K % # (Russell and
Kelly, 1982) & (ZIF[%TH ), £ & HFEEEORT R
DWERARIZOBIE) 27 #HRT 2EBRRELE LTHY
ThbHIERMHRLL, —F, BREBRETRET 21#
RIRER ] IEMRIEIC L > TWIKENTL ) FraE s
MRREREZHEAT VD20, JAZHEEV ) DL
EHEWEETIILWH»L LLw, L2L, 2hzH
WILUSERERDMHEBERIE N DOV TE B33

Vertical bars indicate upper and lower 90% confidence limits.

Th5b.

Fig. 112, M8l (7 ZHH) 2 v RS L2560,
Fi 2817 % 3 BRI FIE TP ORREREZIRT. &
FRIRERR (M), MRRERSE (Bh) L LiEEL
ELITn L 72hY, R L Mo REHIE D BB IC & -
TERRHIRES B > T,

Fig. 2 ICF UEBRTHN L2 F, 281 2 EBEEIER
Y. Fi 2FROEERIESR (Bi) (IRREAELS A
Lih, BLLAWZ LT, BEREREKDHTHI
FEH () 13, HELHRE S e MR O B 1S
b, $0.9 LIEFICED, o2, KRR
HER L2 A S A RIRERIBDBIER TGN L 3D
LR THIT & 7278, KEIEHIRA 4R L 722 T LR L
I ICBBERITC LRI LW RRATH -7, 7,
AT ARG DFRIEREBOMEINGRRE (ARFEIRERE
Z2EICT A2DICRELHER) D 2~3cGy TH Y, D
EERFR (B 10 cGy ) ISR TiIF @ IicEK<, &
ZHTHLI bbb, 2372 y BRI RRE
BIEGRRERL) D10 BERELSZH DT, B
SREEH 2 X AR CH~E, BRIEERIEZIERICH
BEICE=F) I TELLDLEDNS,

3. ENU SRS EEMRAER

ENU % U8l £ &7 77 ([ZH L 72358003, FREELI R R
BRBRLEMBOCRDRE —NREES y ROEED
$)ICHMTIE 27, RRARLRRI, W1 - Kl
HaJHILE T UIIREEDS LAY 5 & & L ITITITTEARA IS N L
7275, KGRI B TR IR IS (3 L Zedr 5 72

(Fig. 3, BAL). —F, EHFRARELELIZDONT, ¥F-
A BE TR TIE e >l LT, s
HHRaRA LR IR E D A L o S5 (Fig. 3, AM).

F, B &2 51T 2 BHEBIERDRE — K% L I
WICHHMET, W - IR T 2 KR ERA IS 5E N
U728, AEISHIIIALEE T3 ¥ DRE T L EEEEEZ D
borstd b -7 (Fig. 4, BR). T/, B
RERIL, Wy BREIEr Tz LT, &
PEBGE T I3 b EZED <, 2 DDEEIEE
BEOMTHFRAINR T WA » R > Tnwiz, &5
12, MERERRDOBIERIL, y ML R, BEICE
STHELIEL -T2 (Fig. 4, B, FrIS, Kl
T DA 132 UASEHE T, 0.1 mM Ti3#) 80 % b
DIBZIRERARDFELE L72HY, 0.5 mM Tl 22 %, 1
mM Ti3#110 % L2SEE L -7, LI ED#EED» 5,
ENU (T & 255 E BEAL R IRA 2 L BIEBBEDFH T A 71 =
ZLRL>TWRaReEDH ), 2512, LET LR
BEIZE > TOFRA A =KL R DRI RS
7/

4. HRBRICESD F. BO DNAZER

Ak L7z & 912, y fRERGT S e 545 6 KR E
FERLZESRERIK GRRARERK) 13, HBEICLSTHI
HEEEFEE LD > TWwie, 22T, bitbiiily
R THEAERRII ISR I N A B|IE TEILD T4 b D3,
BEICESTHEHEBGRIZTERRD L ) A KRELYT /LK
BTHY, N6 FREEMIIRE R L EBGE % R
IZHIERI L TWEDTIRawh e W)y RiZI T,
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Fig. 3 Dose-response curves for total mutations (TM) (closed circles)

and viable mutations (VM) (open circles) induced in sperm
(left), spermatids (middle) and spermatogonia (right) by ethyl-
nitrosourea (ENU) (2h, 27°C). Vertical bars indicate upper and

lower 90% confidence limits.
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Fig. 4 Dose-response curves for dominant lethals induced in sperm
(left), spermatids (middle) and spermatogonia (right) by ENU
(2h, 27C). Solid lines ; dominant lethal rate in wildtype em-
bryos. The upper and lower 90% confidence limits were so small
that they fall within the size of each symbol. Dotted lines .
dominant lethal rates in the specific-locus mutant embryos.
Vertical bars indicate upper and lower 90% confidence limits.

FLT, KELREORHICHEHL TR EINTWD
AP-PCR &2 HWT, HEBMMERIC X % F, I8 DNA X
RETEBLIZTELDY/ LFEBIZOVWTFNSZ &I
L7:. AP-PCR#E#EE L, 1ANTF7A4=—T, ¥/ LD
ZEDEI» H DNAWH 2MIET 2 HETH S, * 5
# Tl3, Kubota & 7RI RIRAL R HiE L LT
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M AL (Kubota, et al., 1992, 1995), Z»f%, Wada
5 A 2 115 DNA W 9 5 170 fil 2 AP-PCR <
— A —& LTtk bicey E¥ 7L (Wada et
al., 1995).

bbbz, B4R DE4 % HNI (Hyodo-Taguchi,
1980) DHEIZ 4.75 Gy D y % gL, FEMGT 25—

Table 1 Frequency of band loss from fingerprints of embryos from non-irradiated and irradiated

males®
Dose no. no. i no. Band loss
(Gy) males embryos markers’ no. lost/totalno” % (LL/UL)
0 Viable i 20 65 0/1290 0 (0/0.209)
Spontaneous lethal 7 20 2 1/451 0.22  (0.050/1.00)
4.75 Viable 9 24 58 1/1258 0.079 (0.018/0.36)
Dominant lethal i 20 87 58/1716 3.4 2.7/4.1)

@ Male germ cells of the HNI strain were exposed to y-rays (4.75 Gy, 0.95 Gy/min) as sperm and
spermatids, and F, embryos were obtained by crossing irradiated males with unirradiated tester

females.

® Number of AP-PCR markers examined per embryo.

¢Sum of the number of AP-PCR markers examined per embryo, or (number of embryos used) X
(number of AP-PCR markers) — (number of bands failed to be amplified) .

490% upper/lower confidence limits of percentage of band loss.

Frequency of band loss (%)

severely slightly Viable
malformed  malformed

L Dominant lethal —

Fig. 5 Relationship between severity of malfor-
mation of embryos and frequency of
band loss from their genomic finger-
prints. All the embryos including viable
ones were the progeny of males whose
sperm or spermatids were y-irradiated
(4.75 Gy). Frequency of band loss was
expressed as (total number of band
loss)/ (total number of bands expected)
in the 12 severely malformed embryos
(47/1,020) (left column), 8 slightly
malformed embryos (11/696) (middle col-
umn), and 24 non-malformed normal
embryos (1/1,258) (right column),
respectively. Severely malformed em-
bryos ; embryonic bodies were shorter
than 1/2 of the normal ones, slightly
malformed embryos : embryonic bodies
were longer than 1/2 of the normal ones,
but apparently shorter than the normal
ones.

A 2 & AR, K R g = A B IRSHR 1 ~ 9
HizZ8 L7282 D F, K 5%/ & DNA i L, I
LAEIZ D X, 77 AdIc T 2 WBURHCRE R 7% 87
(5 b561EIEwy 7ENTWS) D AP-PCR~v—7
—OERE, 74 =T v} Loy FOWKEL
Y LT~ Table 1 1, BB S Lfe/ vy FIHREN
BL W BUE 2R L7, BRGIRETIS, BMBOEICE SR
R IRT#) 3.4 % (58/1,716) DB TIHKAN A b))
L., LI ADREINTWTLR2ITE, EEICH
HLTWE LD TIRIHEEIE,2 -T2 (1/1,258), S H
12, RAEREROL P TLREDRSFIEFED 12T
THobDTIE, FNULOEEDLDICHRTHE
i geRHEH» - 72 (Fig. 5).

X7, 20 (AR REREIKD 5 B, F/HH TI3H
Bhim b 57203 6 AN AT, KR UEET
13, e 10 235> F 3 TOW KRB EHE EICHHE L
Ta bR, 209 b TRETRE AR EICH S 2 |
Ll Foe—A —HEEE ik L Twie (PRI
BEIZH 11 eM). b &0, BB/ LD EE
DI R K ZFE>TBY), L2bEDAVED
DEOEP LYV KELLOTH B REEIRINAL, S
51z, BEMEIEE L b o7 bEETEICBIT DRER
(e R4 B 10 [tk 5 B, 8 AL b BAGFHEITHE
584 2 AP-PCR ~— % — GRIZHIEE#EIA X TH 1.5
cM, A ZT¥ 30 cM) Dil ki bz, —IICEYE
BIEDJEHE & 7 2 \fEF OB, REERELZLIN
Tw %% (Bateman and Epstein, 1971), AP-PCR ¥
—H—F WA ROER» S, [2EKK]LEEBIE
DERE > Tnd I EAREI N,

5. 4EMRREICL->TF CEREINDIE
R AE R

CNETOMIET, ARMIEICAE LI RRERYF,
R OREBERT [Brhd] BREFXTEL, Ly
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Uidlt, MR weng L 7cfiiar ol R %2 35 9 Bic
FIRBBDFHELL TL 2 0b 3 EIENALEN]
PEHING &9 12740, ERfla s gig L7cgaic b,
F, HCTREMICRIRE RYTAELT 22 L 9 » A
BEL 5> Tnb, TR MR TRIRE R WAL T
S, ZoEEIIER LEETECOWTEYA 7|
KE% b, 22T, 27 AR, AEIIREBRTE
SRR BEALL, [FLSIEL TS L9 ICAZ B
2, TR OIS THERERD T A 7 k%
RINTE 2 EBRREFE->THRLI LTl

Y, TVA 7 RRERLRNTE ZEBRE T wl
2O 7R % — (T5:b/b;If/If;, gu/gu ; wl/
wl ;%1% BB L > TH L ER L2 (RER). Xk
ICFPAERE AR HNT A A I Cs—137 y £ (0.95 Gy/

IRIZOWT, 5EGEEFEICEIT228% 2 (whole-
body mutation), 3 & U wl EIZFHEICEIT 5 EHFA 7
Z % (mosaic mutation) % F4: L BbikickER L7,
ZDORER, wl OHERTIRETOKRD ATl
WHOTH L0, BRMKTRRACZ RTEROERTHY,
KAL) A 7 EBREPEGICHETE LI LHF
bhrolz, HIRERERIZE > THEL S wl BIZTHED
EHA 7 EBROBE (35 1.2X107° (12/9,907) TH >
72, K1, KRN MR L 7285 A, wl BfETHEIC BT
YA 7 BREKD BB (SRR AICHmL, 25
FEEELI)OE» -7, LeL, Z2DIZLA X IIRE
RERLLL-TE), MeEgFiICLR, £/, L
DR T TR K EATT L bBbIRDHEEDT 2 D
REICIRGT L TR LN A 7ERKICA LN AR
AaRiaian s hr o, K1, Hilasgc X - TE
L7 EALDS, ZRE%RICAHIaZER R L L Tt
LT B, REDPL ) FLRHHT®H 5 vlREtED
MRINTZ(RRET— ). HWMlan s/ s E
D &) R EADZRELDOBERIER & & L ICERE R
ELTSHELL TS 22, 3561, TN LRBRER
PF, U EbBDD, & X EA%T &k EFH~I20W,
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Male-mediated teratogenesis and spontaneous teratogenesis
in mice

Tetsuji Nagao' and Kazuo Fujikawa?®

' Hatano Research Institute, Food and Drug Safety Center
729-5 Ochiai, Hadano, Kanagawa 257-0025, Japan
> Atomic Energy Research Institute, Kinki University
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Summary

Congenital malformations can be induced in the offspring of laboratory animals treated with a
mutagen before copulation. Spectra of external malformations in offspring classified as male-
mediated F: malformations after exposure of paternal mice to mutagens showed no evidence of a
mutagen-specificity nor a germ-cell stage-dependent variation. More importantly, none of the
spectra differed significantly from the type distribution of spontaneous malformations. When a
teratogen was applied at the organogenic stage, embryos whose sires were preconceptually
exposed to a mutagen suffered malformations with a higher frequency than those derived from
untreated males. Thus, paternal exposure to mutagens can enhance susceptibility of F, embryos
not only to spontaneous teratogenesis but also to induced malformations.

(This paper, in a session chaired by Yujiroh Kamiguchi and Akihiro Shima, was presented to the
symposium “A new research trend in germ cell mutagenesis”, organized by Tohru Shibuya, at the 26th
annual meeting of the Environmental Mutagen Society of Japan, and held at the Hadano Culture Hall in

Hadano, Japan, December 3-5, 1997.)

Keywords : male-mediated teratogenesis, spontaneous teratogenesis, susceptibility
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and Lyon, 1984 ; Nagao, 1987, 1988). E F T3, B
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<Y, FRcHmH»G 2D, XM F2EPIT, F
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IREBERRBERE DORIENDTII W LT EH
& 5% - 72 (Erickson et al., 1984 ; Lathrop et al.,
1984 ; Field and Kerr, 1988). L& L, Tt sn#is(d
#icE 21 TH ) (Aschengrau and Monson, 1989),
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%hB, Fi iOBEINERTLTE 20, 2o
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DEAT7IZRS51E (Nomura, 1982).
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Fig. 1 I2(Z, ENU (ethylnitrosourea) , MNU (methyl-
nitrosourea), TEM (triethylenemelamine), MMC
(mitomycin C), PCZ (procarbazine), PMS (propyl
methanesulfonate) # i\ T, ICR =7 Z D¥5 )5z %
Lz &0, KICERINLNESGEZD S 47
SHERLTVWD, WTNDZART P A LERGIC K
SHBEBROLNTHARREFEDZZ PS4 Y
HatF e A EE RS L -7, Fig. 11213, 72,
ICR ¥ 7 Z DRIt RFit4 O LRI § 72 b K 1%
Fifile, B X OREHIIE S 2 W 3G Al e 12 &
> T, Fi IMRISHERSNIAERBTED S 4 7o bR L
Tw5, ENU, MNU MjQsgEy &, e Rk o,
KIS & 2 W (3 hG ISR LR I & > TERE AL
WHEDEL S 4 713, Wb DHER L SGHET, S 2%
FEDZRT b5 L0213, AR A BRRSIC L 2% 02
& 6117 7 - 72 (Nagao, 1987, 1988 ; Wada et al., 1994).
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Fig. 1 Relative frequencies of external malformations
detected in fetal offspring of ICR males treated with
various kind of mutagens at various germ-cell
stages (data from Nagao, 1987, 1988 . Nagao and
Fujikawa, 1990 : Wada et al., 1994). Abbreviations
are : PM ! post-meiotic germ cells; SG : sper-
matogonial stem cells ; PGC : primordial germ cells.
B : cleft palate : “dwarfism ; | : others.

Strain X Relative frequencies of F, T"'I:' L "

of mice Series malformations ;:::?J:;i

ICR ENU | Cp [ ow [ot] 1073547
Control | CpP [DW[ Ot | 73/10883

CS7BL ENU | MP [Md 25/489
Control | MP md| 42/1449

AllJax ENU | cP [OE | s4/404
Control [ CP [ OE | 49411

o s ' 100%

Fig. 2 Relative frequencies of external malformations
detected in fetal offspring of three different
strains of mice treated with ethylnitrosourea
(ENU) at spermatogonial stem cell stage (data
from Nagao, 1987, 1988 . Nagao and Fujikawa,
1990, 1996 . Nagao, unpublished). a, Paternally
ENU-treated (ENU) or untreated (Control)
series. Abbreviations are : CP ! cleft palate .
DW ! dwarfism ; Ot : others ; MP : microphthal-
mia . MG ! micrognathia ;: OE ® open eyelid.
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Fig. 3 Frequencies of fetuses with microphthalmia obser-
ved 10 days later after ethylnitrosourea (ENU) expo-
sure on day 8 of gestation to pregnant ICR females
that had been conceived by ICR males treated with
ENU at spermatogonial stem cell stage (@) or by
untreated ICR males (O). Vertical lines represent
standard errors of the frequencies.
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Recent aspects of chromosomal mutagenicity testing with human
spermatozoa

Yujiroh Kamiguchi

Department of Biological Sciences, Asahikawa Medical College,
4-5-3-11 Nishikagura, Asahikawa 078-8510, Japan

Summary

Recent aspects of chromosomal mutagenicity testing with human spermatozoa were reviewed
with emphasis on the development of new research techniques. These include (1) sperm
chromosomal mutagenicity test of chemical metabolites by applying a metabolic activator, S9
(microsomal fraction of rat liver cells), (2) Detection of mutagen-induced sperm chromosome
translocations using a chromosome painting method, (3) micronucleus test in 2-cell embryos after
in vitro fertilization of hamster oocytes with mutagen-treated human spermatozoa, (4) detection
of aneuploid human spermatozoa using multicolor FISH (fluorescence iz situ hybridization) on
sperm nuclei, and (5) chromosome analysis of human spermatozoa with aberrant head morphol-
ogies after microinjection of the sperm into mouse oocytes. Qutline of these methods and new
findings thereby obtained were briefly mentioned. The merit and demerit of these methods and
their applicability to genetic risk assessment in humans are also discussed.

(This paper, in a session chaired by Yujiroh Kamiguchi and Akihiro Shima, was presented to the
symposium “A new research trend in germ cell mutagenesis”, organized by Tohru Shibuya, at the 26th
annual meeting of the Environmental Mutagen Society of Japan, and held at the Hadano Culture Hall in

2 B ERER O 5 alt D AR

Hadano, Japan, December 3-5, 1997.)

Keywords - human spermatozoa, mutagenicity testing, sperm chromosome analysis, sperm

nuclear FISH, micronucleus test
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Fig. 1 Incidence of human spermatozoa with structural chromosome aberrations after in
vitro exposure to chemicals in combination with (+) or without (—) S9 treatment.

Cont., non-treated control ; CP,

NDMA, N-nitrosodimethylamine.

FEA (ICSD (T & A5 Re@iRgiridiz £ A X
n, WHRIEFi R EAE TS, 22T, s
DL WIFRDOEA L ZDRIBEEIC O W TSN L
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EEMERRENDORFRERREBRE

FTTIZbNbIUIEREDHEAIZ O W T E MR Fith
RIZKRITTHEL in vitro THE L, bleomycin,

daunomycin, methylmethanesulfonate, triethylene-

melamine PSR REERREZFRT L L, ZhIC
% L T cyclophosphamide (CP) (35 #i55% L 24w &
W9 ZkEEHE L7 (Kamiguchi et al., 1995). — 4,
AR IRHINL % 72 EEBRR T3, CP & S9 (5 b
iz microsome 73 1) % [REIC/EH S €22 812k - T
¥ THESE RO R R HF R I NS (CP DfCHEED
DPREFREL DD) LML NTEY, b METFD
KR T L ROMTFOFEITRE SN, 22 Thh
b, BEERHIER CREED S REFREZ DOk
WMESINTEIWE L L TCP D12 benzola)-
pyrene (BP) # X ¥ N - nitrosodimethylamine
(NDMA) Z3#E L, 215 3FEOH LD & M EFifutafk
ICRITT B E SO REH W THA L2 (045, 1997).

FA A DPLR I (IR KL T T — & (Ff 2,
1987) (2462 THE L 72 (CP, 20 ug/ml ; BP, 200 g/
m/ ; NDMA, 20 mg/ml). GHKit&DKS 132K N %
RIFHIRFETE 0T, B (2BEH) 12onT
AR Tl EIT O TV A4 (6 WD) X 0%
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cyclophosphamide : BP, benzo(a)pyrene ;

LTI b7 o 7e, WFEt%, K1 REIEZ =L
L, 2512, L% 80 %/ —a — iRk FICFEE L T
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2 F —UIRIL 2R S, 1 M I et R A 2 (R
L Tt MHTHRALAR D G i S 3 B SR & A L 72,
CP+SIBFIZHBIT 2Bk RER OB % (52/
140, 37.19) (3 CP HprE (—S9) B (11/128, 8.6
%) & THEISKM L7 (Fig. 1), [, BP+S9
B BEHRS IR (39/126, 31.0 %) (3 BP Hishksg
B (12/120, 10.0 %) & Y fidgicE» - 72, —J, NDMA
BETIE, +SOME (15/129, 11.6 %) & —S 9 (8/107,
7.5 %) DN EEII L - 72, ZHSD KL HRE
FEHRG T B R S AR D A (12/109, 11.0 %)
LITFHRTH -7z, CP+SIHE, BP+SI THKI N
TCHERE R &2 2 A T HNCA B L, Yt IRBIYIM O 3% H
b EHETH ), Ko Tt RRl 2y, YetasrhkRiy)
Wr, GeOERBRILImDIETH -7z (Fig. 2). 72, CP &
S 9 DIRABHEE 37°C T 6 BRI PRI L 721412 —80°C Tl
RAEL, MR ZRICIER S L REDFER
ik Ltz Ly L, BP OEAICIIFMRDO LI, {17
e LIRICRFEFREFBOLN L o2, F 12,
NDMA +S 9 D36, HEARHINER L 3R, Yefn
REIFRSI NG -7, ZoMEAND—E LT, B
Wk TEREx L O CHE O A K (THITE N O R b
MG-LTwd v affgthhHz sid (I3l
ZHoTWZw), 1% 3 5 ICHIR»LETH 557, Hhak
B +S IR LK T +S I RDHERZMARDLE S =
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Fig. 2 Number of structural chromosome aberrations per spermatozoon after in vitro
exposure to chemicals in combination with (+) or without (—) S9 treatment. For

legend, see explanation of Fig. 1.

iz ), AL EmEoORaRREFE AT 2 (1) WEHD
FAEER, (2) MEEASEEDO/ER, (3) Sz
IR NI EE O ER,  (4) BFIE 3 & OSHIILEL N o) il
R#RIE BEVDOEH, XML THELLIENTE
27 h Ltz

PEEBEEICIDIBTFREEIM

efa R ORI (HAER) ~DIREL V) B2 L
W k, —ICUIMTR R L) BRI RE DS W
fabptEz oL HZ 6D, LR b, IR (390
BB TRERDRYE L), BREKROKEZEIFRE
PHRICEIR S B DI L, SRIERIRE 2 L D IRDAESF
BIRiZ LD mWEEZ NI 6TH L, FE, ik
VAT HERE R S SRR L ) D (32 22 S BUE IS
WHILTWS, L7edi->T, BREDL DRk
B RIRAE 2 IEFECHi T X 2O A ZEETH
5.
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72 (Cui et al., 1994). #nNt%, Kusakabe » (1996)
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tatin DIEHEERAE® £ M T CREMICMET L 72, £
L S OEEE AL IR T Ic B VTRl ()
v osER) DBADF) 25 <, KA DR R R D
(ZEY R ZDENZ LD Mbr Lotz 2D &) %k

Fig. 3 A two-cell embryo developed from a hamster
oocyte penetrated by a gamma-irradiated human
spermatozoon. Arrows indicate micronuclei.
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Table 1 Measurement of gamma-ray-induced chromo-
some damage in human spermatozoa : compari-
son between micronucleus test and chromosome
analysis

Assay system gamma-ray dose

Table 2 The incidence of aneuploid spermatozoa - com-
parison between two assay systems, sperm chro-
mosome analysis and sperm nuclear FISH

1.11 2.13

Micronucleus test

No. of 2-cell embryos 95 98

examined

No. of embryos with MN® (%)  49(51.6) 81(82.7)

No. of MN (per embryo) 81(0.85)  147(1.50)
Chromosome analysis

No. of sperm analyzed 159 145

No. of sperm with CA® (%) 80(50.3) 115(79.3)

No. of CA (per spermatozoon) 140(0.88)  210(1.45)

* MN, micronuclei
°® CA, chromosome aberrations (breaks and fragments)

PSR FCHET 2L ML LN TH L, ERIED
{EHTHE L 7o etk v (B5R % b 727cv) (358 191
T DB MR~ T EF° (BANIRD AF 7w,
Ml P I M E KT 5 (Fig. 3). MED s getatk
Wi ORE XML TWb0Y ) re2iErODL2HIZ, b
OIS RGHRIRGT L 7oK+ 2 2 BRI, —H a2
oM L, )l 2 /ME%akBR TH~ T L 72 (Table 1).
ZDFER, MR D O 2 MR DB & Qak Uil 2 L
WG FOBIEIZ LKL TBY, MLt
R IiCh i s LTHMTH 5 2 LD
H 1172 (Kamiguchi et al., 1991).

ZDt%, Tusell 5 (1995) (FbItbN DGR %2 B -
T 5 & & LT, 2HIBIRIC BT 2 /ML RN 1
RS U 72 i HRR RIS & b Ze » THEARICHE T 5 2
ErMmE L, o, BHREEARBLY T AT (B
BIRREICH B) O DNA 7' 0 —7% T/ EIZ 2
iRy FISH 2 i L, Py ko (7ex7
Dy TFINEEE) LRtk E £ 5 L GG (K
DY 7)) 2T 552 L7 (Tusell et
al., 1996). COHEIZ L 2FAEDIER, 7o £ TN
LD 75 & T ENIGIREE D AMZIS b HGHERAR S iz
Y7 ) WmaEH bt %REDHMMAOIEK I, B
I TOUINE, 1 MBI U 72 gAY BH o) ok
AR (B4 7DHER) L EnHZ b, =
DT EAT SRS X - TH U 7o S0 A3l o 24
WRETYD L ) LZFEMERTO»Z2HET 59 2 THM
LR bis,

BF % FISH IC&REFREDRE

LR ERBRT Y 4B, MLy —Hi%
AAZH SR LT E L 6w e b LS5,
22T, ShHICHifiZL ik LTHFH FISH B0 5%
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Authors No. of sperm  Aneuploidy
analyzed (%)
Sperm chromosome analysis
Brandriff et al. (1990) 5,000 2.1%
Martin & Rademaker (1990) 6,821 3.9%
Kamiguchi et al. (1994) 15,864 1.4%

Sperm nuclear FISH

Guttenbach et al. (1994) 76,253 15 %
Miharu et al. (1994) 450,580 7%
Bischoff et al. (1994) 40,641 19 %
Martin et al. (1996) 225,846 7%
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Table 3 Chromosomal abnormality in human spermat-
ozoa with morphologically abnormal heads and
in immotile spermatozoa

Authors Sperm Chromosome
characteristics aberrations

Lee et al. (1996) amorphous head g
Rybouchkin et al. (1996) round head -
In’t Veld et al. (1997) enlarged head T
Rybouchkin et al. (1997) immotile (dead) ot

“ Significant increase as compared with the incidence in
normal-headed spermatozoa
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Introduction : The present condition of cell transformation assays
for predicting the carcinogenic potential of chemicals
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Summary

Genotoxicity test batteries have become a standard tool for identifying chemicals that have
potential carcinogenic risk to humans. Their use for assessing carcinogenic potential, however,
has limitations such as an overall low specificity and negative detection of non-mutagenic
carcinogens.

In vitro cell transformation models, employing Syrian hamster embryo cells, BALB/c 3T3 cells
or C3H10T1/2 cells, have been recognized as being relevant to carcinogenesis and regarded as
useful tools for predicting carcinogenic potential of chemicals and for studies on the mechanisms
of action of carcinogens and carcinogenic processes. In spite of the expectation, their use for
screening carcinogens has not been fully exploited. Some difficulties still exist in employing them
as a routine procedure. It seems that further improvement of the methods and further studies on
detailed mechanisms of cell transformation are still necessary.

In this symposium, speakers presented studies on methods improvement and on mechanisms of
cell transformation, and discussed the advantages in predicting carcinogenic potential of chemi-
cals by in vitro cell transformation assays.

(This introduction, in a session chaired by Makoto Umeda and Hiroshi Yamasaki, is a preface to the
symposium “The present condition of cell transformation assays for predicting the carcinogenic potential
of chemicals”, organized by Noriho Tanaka, at the 26th annual meeting of the Environmental Mutagen
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Society of Japan, and held at the Hadano Culture Hall in Hadano, Japan, December 3-/.5(1997.)
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embryo cells, gap junctional intercellular communication ‘
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Symposium

This paper, in a session chaired by Makoto Umeda and Hiroshi Yamasaki, was presented to the
symposium “The present condition of cell transformation assays for predicting the carcinogenic
potential of chemicals”, organized by Noriho Tanaka, at the 26th annual meeting of the Environ-
mental Mutagen Society of Japan, and held at the Hadano Culture Hall in Hadano, Japan,

December 3-5, 1997.

The use of Syrian hamster embryo transformation
results for assessing the carcinogenic potential of
chemicals

R. A. LeBoeuf, K. A. Kerckaert, M. J. Aardema, D. P. Gibson and R. J. Isfort

The Procter & Gamble Co.,

Introduction

Chemical carcinogenesis is a complex process
involving multiple steps and mechanisms. Genetic
alterations and the subsequent changes in gene
expression that give rise to tumorigenic cells result
from a variety of mechanisms, including direct inter-
action of the carcinogen with DNA as well as non-
DNA targets which can ultimately affect normal cell
proliferation and differentiation resulting in neo-
plastic transformation.

Commonly used genetic toxicity assays and bat-
teries of assays typically address two potential
mechanisms believed to be important in car-
cinogenesis, namely DNA alteration including muta-
tion (Salmonella mutation assay and mammalian
cell mutation assays) and structural and numerical
chromosomal alterations (i vitro cytogenetic as-
says) (Waters et al, 1998). While genetic toxicity
assays have significant utility for predicting a chemi-
cal’s carcinogenic potential, there continues to be a
need for improving the predictive capabilities of
short term tests. For example, 1) genetic toxicity
assays are not capable of predicting carcinogens
acting via “non-genotoxic” mechanisms 2) a signifi-
cant proportion of non-carcinogens yield a positive
response in commonly used genotoxicity assays
when employed as a screening “battery” (Haseman
et al, 1990) and 3) the carcinogenic activity of cer-
tain classes of chemicals such as aromatic amines
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which frequently demonstrate mutagenicity
vitro, are difficult to predict accurately (Ashby and
Tennant, 1991).

In contrast to genetic toxicity tests which measure
a specific type of genetic effect, cell transformation
assays detect a chemical’s ability to induce changes
in cells, or phenotypes, which are associated with
increased neoplastic potential of the cells. Because
this “increased potential” can be induced by a wide
variety of carcinogenic mechanisms, both genotoxic
and non-genotoxic chemicals should be detectable
with these assays. Additionally, chemically-induced
genetic damage which does not result in increased
“neoplastic potential” (for example genetic damage
which is cell lethal) should not be detected in trans-
formation assays, and hence should result in im-
proved assay specificity compared to genetic toxicity
tests.

Mechanisms of cellular transformation

Cellular transformation in all systems studied to
date (including human cells) is a multistage process
involving changes at each stage in order for progres-
sion to the next stage in the transformation process
to occur (Barrett and Fletcher, 1987, reviewed in
Isfort and LeBoeuf, 1995). These include several
characteristic phenotypes (from primary to fully
malignant cells), namely (1) morphological transfor-
mation (MT) in the Syrian hamster embryo (SHE)
cell transformation assay, which is an indication of
altered cellular differentiation in this system, (2)
acquisition of immortality characterized by unlim-
ited lifespan, an aneuploid karyotype and decreased
genetic stability (3) the acquisition of tumor-
igenicity which is closely associated with the iz vitro
phenotypes of foci formation, anchorage-indepen-
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dent growth in semi-solid agar and autocrine
growth factor production, and finally (4) full malig-
nancy including metastasis in some cases when the
cells are injected into a suitable host. Genetic
changes associated with some of these specific
“stages” have been identified (reviewed in Isfort
and LeBoeuf, 1995). This scheme is valid for both
rodent and human cell transformation. The SHE
cell transformation assay utilizes the initial stage in
cellular transformation, morphological transforma-
tion, as the carcinogen-induced preneoplastic end-
point that is scored for carcinogen screening pur-
poses. In total, the existing data strongly support the
conclusion that cell transformation iz vitro recapitu-
lates those events involved in iz vivo carcinogenesis
and hence a biologically relevant model for predict-
ing the carcinogenic activity of chemicals.

Use of the SHE assay for assessing
carcinogenic potential

Cell transformation assays have been evaluated
extensively by numerous investigators as a predic-
tive tool for assessing chemical carcinogenicity
(discussed by Swierenga and Yamasaki, 1992 ;
LeBoeuf et al, 1996). The SHE cell transformation
assay was originally developed by Berwald and
Sachs (1963) and developed subsequently by several
investigators (DiPaolo, 1980 ; Pienta et al., 1977 ;
Barrett et al, 1984 ; LeBoeuf et al, 1996, Sanner and
Rivedal 1985 . Tsutsui and Barrett, 1991). This sys-
tem has been extensively used both in its original
and modified forms for assessing carcinogenic
potential. A review of the carcinogenic and noncar-
cinogenic agents that have been tested in the SHE
assay has been published (Isfort et al., 1996). In
total, this includes over 470 chemical or physical
agents tested either individually or in combination.
While the SHE assay has been recognized as a
potentially useful carcinogen identification tool,
experimental parameters which have resulted in the
need for extensive experience to conduct the assay
and laboratory-to-laboratory variability have
affected the wide-spread use of the assay. Parame-
ters leading to inter-laboratory variability which
have been identified include production lots of fetal
bovine serum, the isolate of primary SHE cells, and
subjectivity and hence variability of scoring of the
transformed phenotype (reviewed in LeBoeuf et al.,
1996). Low transformation responses with known
carcinogens in many labs has also made it difficult
to obtain dose response relationships and apply
rigorous statistical analysis to test for treatment-
related effects. It is important to note however, that
depending on the specific assay conditions, sources
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of serum etc, the above listed problematic character-
istics have not been experienced equally across all
labs conducting the assay.

Several of the reported problematic characteris-
tics have been reduced with a modification of the
SHE assay that involves the use of reduced pH
DMEM (pH 6.7) to culture the SHE cells (LeBoeuf
et al., 1996) . Reduction of the culture medium pH to
pH 6.70 from pH 7.15-7.35 improves assay perfor-
mance by increasing the transformation frequency
approximately five to tenfold over the “standard”
SHE cell assay as well as significantly decreasing the
cell isolate and serum lot variability (Kerckaert et
al., 1996b). The reasons that reducing the culture
medium pH from 7.3 to 6.7 has such a profound
effect on SHE cell assay performance has recently
been investigated and has been found to be due to
multiple changes in cell physiology (discussed in
Isfort and LeBoeuf, 1996). It is important to note
however that the reduced pH protocol SHE assay
has not been universally implemented by those
conducting the SHE assay.

Of the 472 agents evaluated in the standard pH
7.15-7.35 SHE cell transformation assay, 213 have
rodent carcinogenicity bioassay data available, in-
cluding 177 carcinogenic agents and 36 noncar-
cinogens. With the above 213 chemical/physical/
biological agents, the standard pH SHE assay dis-
played an 80% (171/213) concordance between MT
induction and carcinogenicity, which included a
sensitivity of 82% (146/177) and a specificity of 69%
(25/36) (Isfort et al., 1996). Within this data set,
86% (91/106) of Salmonella assay positive carcino-
gens and 76% (47/62) Salmonella assay negative
carcinogens were detected, respectively. One hun-
dred and twelve chemicals out of the 213 evaluated
were tested in more than one lab with a qualitative
agreement (same overall “call” on the chemical)
82% of the time. As such, despite the technically
demanding nature of this assay, these results indi-
cate the assay can be conducted successfully in
multiple laboratories. These results are summarized
in Table 1.

In comparison, 70 chemicals including 43 carcino-
gens and 27 non-carcinogens have been tested under
pH 6.70 conditions at the time of this writing with
an overall correlation with rodent bioassay results of
86% (60/70). These results are summarized in Table
2 and Table 3. Sensitivity and specificity for this
data set are 86% (37/43) and 85% (23/27) respective-
ly. Concordance between Salmonella results and the
rodent bioassay for the same data set was 55% (38/
69) . The sensitivity and specificity of the SHE assay
for chemicals positive in the Salmonella assay is 95%

Table 1 Carcinogen Prediction Approaches

Prediction Method

Concordance (%) Sensitivity (%) Specificity (%)

Battery of Salmonella, ML, CY.* 60(68/114) 79(53/67) 32(15/47)

SHE (high pH)"®

80(171/213) 82(146/177) 69(25/36)

SHE (low pH)¢ 86(60/70) 86(37/43) 85(23/27)

* Data from Haseman et al., 1990.
" Data from Isfort et al., 1996.

¢ Data from LeBoeuf et al., 1996, Kerckaert et al., 1996 a,c and Kerckaert et al., 1998.

Table 2 Summary of pH 6.70 SHE Assay Validation

Studies
pH 6.70 SHE*"
Overall concordance 86% (60/70)
Sensitivity 86% (37/43)
Specificity 85% (23/27)
Positive Predictivity 90% (37/41)
Negative Predictivity 79% (23/29)

* Data from LeBoeuf et al., 1996, Kerckaert et al.,
1996 a,c and Kerckaert et al., 1998.

” Ames assay concordance with the rodent bioassay
for same data set= (38/69) 55%.

(18/19) and 100% (7/7) respectively. The one Sal-
monella carcinogen not detected in the SHE assay
was primaclone. For chemicals negative in the
Salmonella assay, sensitivity and specificity is 79%
(19/24) and 80% (16/20) (LeBoeuf et al., 1996 ;
Kerckaert et al., 1996a,c ; Kerckaert et al., 1998).

If one evaluates these results in the context of
previous correlative analysis done on these assays,
there has been a consistency of cell transformation
results to be predictive of a chemical’s carcinogenic
activity in the range of 70 to 85% with the pH 6.70
SHE assay representing the upper end of this range.
Consistent with this analysis is the recently conduct-
ed “prospective” study with the use of the SHE
assay to predict the outcome of NTP bioassays
(Kerckaert, 1996a) . With bioassays completed on 14
of the 30 chemicals under test, the SHE assay has
correctly predicted 11 out of 14 or 78%. Further-
more, the ability of cell transformation assays to
detect human carcinogens is equally consistent with
the rodent bioassay results. Namely a sensitivity of
around 75% (Swierenga and Yamasaki, 1992). This
number may be higher as some of the reported
human carcinogens for which the transformation
results are reported as negative represent mixtures
which have not necessarily been adequately tested
in the transformation assays. The specificity of cell
transformation assays relative to human noncar-
cinogens can not be adequately determined because
of the paucity of chemicals classified as human

Table 3 Summary of pH 6.70 SHE Assay Validation
Studies Stratified by Salmonella Assay

Results
Salmonella assay positive chemicals
pH 6.70 SHE*
Overall concordance 96% (25/26)
Sensitivity 95% (18/19)
Specificity 100%(7/7)
Positive Predictivity 100% (18/18)
Negative Predictivity 88%(7/8)

Salmonella assay negative chemicals

pH 6.70 SHE*
Overall concordance 80% (35/44)
Sensitivity 79% (19/24)
Specificity 80% (16/20)
Positive Predictivity 83% (19/23)
Negative Predictivity 76% (16/21)

® Data from LeBoeuf et al., 1996, Kerckaert et al.,
1996 a, ¢ and Kerckaert et al., 1998.

non-carcinogens.

Additional considerations for the
SHE assay

As stated previously in this paper, a number of
parameters which historically have led to technical
difficulties with the SHE assay have been identified
and have been either been reduced, eliminated or
can be controlled via experimental design. However,
implementation of the revised assay protocols on an
international basis does not currently exist. Ideally,
internationally harmonized protocols can be devel-
oped. At a minimum, criteria for an acceptable
assay and what response constitutes a positive result
needs to be clearly stated by the investigator. Recent
progress towards automated scoring of the MT
phenotype via the use of image analysis should
contribute to a more standardized assay and in-
creased ease of conducting the assay (Ridder et al.,
1997).
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Use of cell transformation methods in the
carcinogen assessment process

A comparison of results from the SHE assay and
a commonly employed genetic toxicology test bat-
tery is shown in Table 1. From these data it can be
concluded that results from the SHE assay do have
value with respect to predicting chemical car-
cinogenicity and hence should be considered in
carcinogen prediction approaches.

It is recognized that because of the complexities of
the cancer process and the fact that some mecha-
nisms of cancer induction involve complex, multi-
cellular or multi-organ interactions, such as chronic
inflammation, alterations in hormonal status or cell
toxicity followed by regenerative hyperplasia (revi-
ewed in Butterworth, 1990) and the possibility of
organ-specific metabolism of a chemical that is not
modeled in wvitro, it is unrealistic to expect any one
assay to detect all mechanisms of cancer induction.
However, considering the demonstrated high sensi-
tivity of the SHE for a wide variety of chemical
classes acting via a presumed variety of mecha-
nisms, it is concluded that a high proportion of
chemical carcinogens are in fact acting at the cellu-
lar level and can be detected in wvitro. As our me-
chanistic understanding of carcinogenesis in vivo
increases, incorporation of this understanding into
in vitro transformation approaches should also
occur.

As with any method, results from the SHE assay
needs to be considered in combination with other
available data to predict a chemical’s likely carcino-
genic activity (Isfort and LeBoeuf, 1996). This
includes 1) results from structure activity relation-
ship analysis for the chemical class of interest, 2)
genetic toxicology tests, with consideration for the
predictivity of these assays for the chemical class in
question, 3) when available results from 28 and 91
day sub-chronic toxicity studies to determine
whether organ specific phenomena which can be
associated with neoplastic development in rodents
are present (Butterworth, 1990) and 4) knowledge if
the chemical is from a functional class with known
carcinogenic properties (eg. immunosuppresants).

Finally, it needs to be reiterated that as with any
other short-term approach used to predict carcino-
genic potential, positive results in a short term assay
indicate a potential for carcinogenic activity i vivo
but do not speak to the relative human carcinogenic
risk of such activity under anticipated human expo-
sure conditions. Similar to results obtained from the
rodent bioassay, additional information such as like-
ly mode of carcinogenic activity and its relevance to

134

humans, metabolism and pharmacokinetic data,
dose-response data and knowledge of the anticipat-
ed exposure to the chemical is needed to assess
accurately the carcinogenic risk to humans from
chemical exposure.
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Use of Syrian hamster embryo cells for mechanistic studies of
carcinogenic activity of non-mutagenic carcinogens
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Summary

The mechanisms of carcinogenesis induced by putative non-mutagenic carcinogens were stud-
ied using Syrian hamster embryo (SHE) cells. SHE cells were treated with 33 chemicals, which are
negative in Salmonella mutagenicity tests, and assayed for determining the abilities of the chemi-
cals to induce cell transformation and genetic effects. Twenty-two of the 33 chemicals are reported
to be carcinogenic in rodents or humans. Treatment of SHE cells with each of the carcinogenic
chemicals, except for clofibrate and progesterone, induced morphological transformation of the
cells. Fifteen of 20 chemicals, which were positive for SHE cell-transforming activity, were positive
in one or more genotoxicity tests including gene mutations at the /zprt and/or Na*/K* ATPase
loci, chromosomal mutations (structural and numerical abnormalities), DNA damage detected by
unscheduled DNA synthesis, and DNA adduct formation determined by **P-postlabeling. These
findings indicate that the SHE cell assay system could be useful for mechanistic studies as well as
for detecting potential carcinogenic activity of non-mutagenic carcinogens, and that genetic
mechanisms may be important in the carcinogenic activity of non-mutagenic carcinogens.

(This paper, in a session chaired by Makoto Umeda and Hiroshi Yamasaki, was presented to the
symposium “The present condition of cell transformation assays for predicting the carcinogenic potential
of chemicals”, organized by Noriho Tanaka, at the 26th annual meeting of the Environmental Mutagen
Society of Japan, and held at the Hadano Culture Hall in Hadano, Japan, December 3-5, 1997.)

Keywords : Syrian hamster embryo(SHE)cells, Cell transformation, Genotoxicity, Non-
mutagenic carcinogen
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Hb. UL, DL EBRSMDHE - TIBRDIEIZ R
L, ZNLG Y DBRNERET 5. BOBOOHMINNIZIZZ
NN - 7255 #H % % (Barrett and Thomassen,
1985). L7225 T, &Ml & » TEEBRRSLMIHT 5
PHERAD BN T 2 L D% 5. 2 2 Tld, SHE #ile
DE L, SHEfifaz H W ThhlbhloMEETI
F TSz, Ames RBRIEMED DS A NEYE D s AAL
BRI BT 25 R 2 T 5.

SHE #lifd & ZD45E

SHE #laiz, WEISHHD Y)Y T renb 2y — (T
=T VN A RS — &) DIRGERIFE K O AL
Fla kRN (R, 1993) TH 5. KRR IR I (2HkK
2, 3fCHoRHEEpHOMlar b s, Z DMl 10°
2 ENLZ Y — 1T LT EEE L RS 2w
(Huberman and Sachs, 1966 ; Barrett et al., 1979).
RERFMPTH 20 =—%2 W L%\ (Barrett et al.,
1979). L72H» T, (FEA X DA IR L Tnwi
WIEEHINE & F 2 A, et fkEiit 44(2n) T, 95~96
% DMNEHT 2 5K, F% D ¥4 5K TH 5 (Tsutsui et al.,
1983). FSAZRTIRIRE DMK <, FE 2 D A5 A RIS s
ZAEF R [ ER BN T A A RO GE S L2 W & B
P & B 2 & (sensitivity) © 82 %, FEEREN THIA I
&R 20 W % B X Mt 3 % # (specificity) @ 69
%, EERENOAER L DD —F % (overall concor-
dance) : 80 %, %M 517 5 —F# (interlabor-
atory agreement) : 82 %] (Isfort et al., 1996). 7z,
SHE $HIgI3FE 2 DT 20 &5 7 2 IR AMIER TH 5
728, BCHEERIGIER VA XL S — iR ER Lo
(Pienta, 1980 ; Barrett et al., 1984 . Degen et al.,
1983). DI L, DANE KT B @&t —RK
EEZLNE, —WoH=tuvvy Ty, k22X, N-
nitrosodiethylamine (55-18-5) (Zx} L T(3F&1: (false
negative) # /n 3 A%, NG & o3 A7k 380 3 Hm
FOBAIZL Y, BEME% R T (Pienta, 1980).

EHRRER R TRY L 2 L3, DAEWE L IEDA
G % R0 e S EBICRINTE 2 2 2 iEniz, BA
GRS & B Ras i, RIS R R RR (2 e
NTKBZLETHDB, iz iiE, 1t | (onehit)
TR FFHE I N T % 57w, RichiFrz 4
DOMERT T & b (one hit) IR ZRT DI, SHE
#ila (Gart et al., 1979) & BHK 21/C 13 2 (Bouck
and DiMayorca, 1976) TH D), C3H 10 T 1/2 fifa (3 2
Bl (two steps) %14 % 7° 3 (Fernandez et al., 1980).
BALB/c3T3HMETIZ X < b o T,

SHE #fifa % F v 72 2 dndf gcin T g, #kf 2, 3fCH
DIEH L 2 5N MBI HERIE 2 ER 3¢, 7~9
ARSI EERAZ2 BT 2, Lich->T, ZoE
PRI EME LR & < Picke X 228 b2 5K L T
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5 k2% b, Zhicx LT, BHK2L/C13 #iflz X
BALB/c 3 T 3 #fifg, C3H 10T 1/2 #ifiid B @A
DRI H AN T H B 726, s nfiliaz vz
IR IR T, BHlRIC L - T, EHAL&ERD Z R
FNRL STEBREICBI 222 BELTwWb I Ik
%, 72k 2%, BHK 21/C 13 #ilgiz, EAEMmeicz 56—
STHIOREICH B720, oML X 28 in g5k
TlZ, 1Bk (one step) THEMEIKRT 5 L 25 &4l
Z Twvv % (Bouck and DiMayorca, 1976). BALB/c3T
3 C3H 10 T 1/2 fifa(z, BHK 21/C 13 fifg & b
B LS FETIIPIIZIE YV (Barrett and Thomassen,
1985). MEMERZRRYR & v ) BHAUT, IEFHIRIEEA
WAFEEICHEMSINIRERRE L2 L, F/2, B
BHIIEM a2 RIEE LTvwb 2 &, IEH NG & bRl
& T AE 2 DI 3§ 5 BOSA R 2 5 wTRetED %
LIl EHLBE, WllaE: HWFEERTIE, #Ii
ZORRDERT 2L DR HEICHER T 2V H 5.
Lo L, Hilao B I i3 Bn EiRBREE NN 153 5
L, #RENDEHALBRD R - 2BETET L T
BIELHEZLNDDT, HAEWE ORI H AL
WOz, BEHELBREDIZ - &) LR % ik
HW288»H5, COBKT, BBV S
I+ %544t # A % SHE fitila & SR i & 5 pRifiie %
PHT 2D EETHS .

SHE #ifaz AL\ /- EEIRRR R

Pienta 5 (1977112 & > TR S L 7ci b — M Z J5
FEIIUTDEBY TH 5B (Fig. 1), HAE» 68 ICHEL
7N — % X T 50 Gy T 5. 20 2.0x10°
flll % S sfiie & LT 60 mm > v —VICIEREL, KEE
Z 3235 (10 % CO2, 90 %22R) TH;# T 5. 854113 Dul-
becco !X % Eagle 5t (DMEM) 12 7 ¥ IG 47 1L i % 20
%EmML7zbDZMCE, #FH, THOLr—LIZBHIZ
X ARGt SHE filha (250 1[H) 2 EEryfle & U CiERE
T 5., SHICZDFH» HHEWE % 1 EBEHS 72
nL, MilezEE Lgtad s, 1B O/ERBIR 38
Wz iTbiwv, BRIl ao=—DELBIEEL
THEEH 20 =— (Fig. 2) 22, 2a2o=—%x
THEAEHMN L O IEREL 5, BHiRRLz2
o =—\(3, 2v=—lEoMliznicsrELL, HlalE
LAH TR % LA (criss-crossing). ¥ A% TYuth
T2, HEtaRGH) Mg s, £, Hrol
MaTl3, BoMiaE i3 28 A08MmL, Zrk&E<,
HNE psReez k9 IcAZ b, —F, BHEERL WL
WO =—DiKOFKIE, 20 =—TiFBoMlEn R
SN HIEDS A LNE I ETH B,

Pienta » (1977) 2B L 72 2 D ik, ¥ v — L Iick
i L 72 D B BRIl s iz 2 o = — RIS 5 2 &
Mo, HIRELEWLZLLTESL, bLbUPiT-oTw
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Fig. 1 SHE cell transformation system for carcinogenicity testing and mechanistic

studies of carcinogenesis.

Fig. 2 Normal colony, on the left, and morphologically
transformed colony, on the right, of SHE cells
treated with benzola)pyrene for 48h and subse-
quently replated at clonal density.

LZEBRRIICON T LIRS Y, FHEREE LI TY
%}k T & % (Tsutsui et al., 1983 ; 1984 a ; & I,
1987) (Fig. 3). 2T }ilE, FF7Bem®* 77 X3
SHE #ilao> 5.0 10° f# (BB % 24 RER{EM S & 5
B4, 72103, 2.5X10° 1 (48 BRI & & 250 &1k
FiEL, —HiHR%, MBI % 24 W) & 7203 48 IpfH]
22, dilaz752arbHEEL2DL, 20
2.000ff1% 100 mm 7 4 v ¥ 2 ICHEHERE L, 1 R
LTan=—2ERIE5, @, 1H20KDT 1 v
2 RS, PHERERFE L L R T, KD &) Lfl
HELD, 1) A=y —va vt 7TunE—var
WFEXBITE S, 2) LEiar HET 2080w

72, FEDIHENZEY. 3) T4 TEham=—
Bz w, bAA, HIERETENBET r—L b1
) 40~60 D 2 @ = =AM S 15 DIZx LT, PR
FTUE 250~ 350 1. 4) BEERTIELER o fle 2 - T,
AR A IR & SR AR I BR ) & 5 7o (it Bk 2 [7]
RlziTH) 2 LA TE S,

SHE #ifaIlC &S BHFERRME
HARMEDOH ALHE

bbbtz T2 SHE #ile % v 72 B iriR %
B (PFE%RRI) (Tsutsui et al., 1983, 1984 a ; i,
1987), WfE B & v fafhZeshZe S i (Tsutsui et
al., 1978, 1983), A DNA #iufRiti% (Tsutsui et
al., 1984 b, ¢), ¥P-KR L 71 » 72 & 5 DNA ft
AR 2 (Hayashi et al., 1996 ; #iJf, 1997) % fifg 7.
L, ®RRECEIEDOPARERILTE&2, 22T
2, TR HDHFETHOCTHHIZHM L7205, Ames il
ERFENE D 3 A JEIE 2 iz S AL E TSRS UCRTERIC
DNTHRNRB, A, BEHERERECOVWTRYTTIS
W7D THIET 5.

1. 73 &
1) W15 & R ORRINE RRIE

(1) s fz-FRNE RN (Fig. 3)

WL R LRI BR DA L [AlBR IS MG 2 4B FE L, #SRmE
PAEM X5, kL 72flizo 4.0x10° 2 75 cm® 7
IR ICHHEREL, 4 HIRGEES 5. Milaz gL,
Z01.0X10° 8% 1B 10 B 100 mm 74 v ¥ 2 12H&
. 4~ 6 MR #L, &7 4 v ¥ 2 ITHRARERIED 20
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(Transformation)
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Fig. 3 Experimental scheme for the concomitant study of morphological transformation
and somatic mutations of SHE cells treated with test chemicals.

(Chromosome aberrations)

Plate
5.0 x 10° cells 0.2ug/ml
inzto Test Colcemid Chromosome
75-cm*® flasks 2 preparation
i , chemical ¢ 3h "
Uovernight ¥ gn ! 18h L
Plate
5.0 x 10° cells 0.2ug/m
inzto Tost Colcemid Chromosome
75—cmI flasks , chemioal ¢ an pre:paratlon
Y overnight L 24h '
(Numerical abnormality)
Plate
1.3/25x10° cells 0.2ug/ml
inzto Colcemid Chromosome
7 fi i
54:,:n asks . Test chemical I 3n preparation
v overnight : 48 / 72h

Fig. 4 Methods for detecting chromosomal abnormalities
in SHE cells treated with test chemicals.

M F 23 1.1mMIC% 3 X912, R ZFh, 6-
thioguanine (154-42-7) %7213 ouabain (11018-89-6)
225, 1EEN#E%, ao=—2EE LT 2,
RIRE R F (3 Barrett 5 (1978) D Kz k> TE T
%,

(2) Ptk RIR%E R (Fig. 4)
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BRI % 6 WEMIER] S 2850 & 24 BEBIER] X+
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AHMALNH L, WTNDYA D 5.0X10° o Hila %

Sem® 77 2 THEHEL, —BANER%, W% T

M35, 6 RERIERBETI, (ERRIER TR L,

18 WFRIE 2 1% (R R B A 2 (BB 5, 24 BERI{ERIRET

(2, BERMEOIERBRLG A & 24 WE H 1B A % (R 3
. WHE L, BEAMER 3 R HT IS RAIRIE ST 0.2 ug/
m/ 2% % & 9 IZ Colcemid (477-30-5) # Nz 3. % &,
6 REHIERREC 51T 2 (B2 S BEAER £ TORERE
(24 g (3, SHE #Hlia o> il FE HBERT o0 1.5 f5 12404
5. 6 REMERBETRE BRI SN WA, 24 B
TEHDERZITS .
i) PR iimE

AR D BN % (aneuploidy) 3V Fo k512 L T
WX T\ %, SHE #ifa i ¥R % 48 RfIER X €72
DL, ReERBAZ (ER L OREs K2 5, BRE
12 & Btk THINE O WA 2K 3 2 8403, 72 IR
EH SIS OWT HFRD, AR &R &
£ 412 5-bromodeoxyuridine (BrdU) (59-14-3) % {1}
3, FAHFRTREOEMEZ LT, ERBKE 2 [
Hoo b iz 12> W T, ffafki s 2 4
(3% 670, BrdU D#EEn 720, CoKETERT
HDI3HEL >,

SHE #filizo> 1.3 X 10° {8 (72 BERIEFRE) £ 7213 2.5%
10° l6l (48 BERI{EHITE) 2 75 em? 77 2 2 12i&HE§ 5., —
AR A %, WERTEL % (B S 4, 48 F 72103 72 eIt
BARZERT 2, %8, (EH#T 3HEMETIC Colcemid
(0.2 ug/ml) #MZ 5,

Plate

1-2 x 10°cells Test chemical in 1% 1% Serum medium
on 1% Serum  serum medium with with 10 Ci/ml [3H] thymidine
2-cm2 coverslips medium 10 mM hydroxyurea . and 10 mM hydroxyurea C?um
L 1 L

! overnight . 48h -9 1~3h

6h !

Fig. 5 The method for detecting unscheduled DNA synthesis in SHE cells treated with

test chemicals.

Carcinogen-adducted DNA
Micrococcal endonuclease
] + Spleen exonuclease
Np+Np+Xp+Np+Yp:----
Dephosphorylation of Np:
¥ Nuclease P1
N+Pi+Xp+Yp+N+Pi---
32p.Labeling:

32p.ATP

+ T4 Polynucleotide kinase

‘PXp+pYp

{

Thin layer chromatography

f

Autoradiography

f

Maps of *?P-labeled adducts

Fig. 6 The **P-postlabeling method. Np, nor-
mal nucleotide ; Xp, Yp, nucleotide
with adducts ; N, nucleoside ; Pi, in-
organic phosphoric acid ; *pXp, *pYp,
*P-labeled nucleotide with adducts.

2) AVEM DNA A1kt (Fig. 5)

SHE #ilz? 1.0~2.0X10° {8 Z D A /35— Z 1) v
72 cm?) FISHE <, AR, (KM (1 9%)
12z, A8 WEMINGEET 5. HERYE % 10 mM hydroxy-
urea (127-07-1) FMKMFESH FT 1 ~ 3 BER{EM S
%, file %S, 10 xCi/mi(H)thymidine (52497
-68-4) & 10 mM hydroxyurea i DI ML 55 1 % I 2,
S 512 6 IS 5. MY 7 o VEERBIEIR (5 %, 47C)
TILFE%, (*H)thymidine DMIIZAI~DHLY) JA A % i1k
YrFv—varhy—CcHUETS.

3) #P-KZ b 7Y ¥ 7iEIZ & 5 DNA fHmfsk it

% (Fig. 6)

SHE #ifz 5.0 X 10° 1% 75 cm* 7 7 A 2 (2§FfE L,
— KRR, WBRWIE % 24 WEIEM 242 5. Phenol
Fi2 & > TDNA 2RI L, #ERMW'E D DNA ik
BHEx# X 7 L 7 —+ P1i%(Reddy and Randerath,
1986) % 72 (3 butanol i i11i% (Gupta, 1985) TH#H X5,
DNA#%#X 7V 7 —X L7 MR RRRS TR T 5
—X¥HNTXIZ2VALFI-) B LIznb, T4R

VX 7VvEF FXF+—X& (y-2P)ATP 2L D, (*?P)
)R A 5 IS 5 (KR FF~x0), 2ok e
polyethyleneimine cellulose ¥ — b {2 2 XJCkER L
b, A=V IFVFTT T4 —%4T.

4) HUCEHETER

EOREEER L EAT 2 HERTIE, LidowThon
FERIZBWT L, 7y MFIZ70Y =452 50 K0
b THEBRYE 2 Ml 1 ~ 3 BREIEM X+ % (Tsutsui
et al., 1984 b, ¢, 1986 a, 1993 ; Hayashi et al., 1996 ; {
H, 1997). B2 7 v — A5 O i LR RIRER] D T g
ZH72->TlE, BERWE T LIS TMERE T, Fdf
i b bR RET 5.

e. & R

SHE #iia 7 v £ 4 R TF & b L7z Ames RERFEMED
WANEWE S L 2D FEAEF % Table 1 £ 2 12/RL 72,
I TI3ZENH b, ALFERIME RIS H 2 FLIECIN BIE O
RAEITECHEELTwA X oy iz onT T
L, 2Dk, oA BRWEIZ DWW T L HICHM %
2.5,

1) =2 ka5 >nh Al

IR bar it PRTFSWEBICK L THL2ITHA
JitE % 77§ (IARC, 1979 ; Brinton et al., 1986). L»
L, ZOMEII 2 Ici3HInThwiwn, =X boy
S, TR by R AR EFA L CHiENE 58 (Preston-
Martin et al., 1990) X% 1 75 (Nelson et al., 1994)
RHBT S, SO R b U READBEE M
WD—2TH 5 L) KA H % (Preston-Martin et
al., 1990 ; Barrett and Huff, 1991). #Hlafghiis {985
FERIRB IR s A SELH R IR A R [E] AL % {1
L, 2, HilEEKEDOHIED 7 o—F LKL RS
127 % (Barrett, 1993). B2, »AHEWETA =2 = —
LarEZIGLEMIZZR oy s 25T 5 LB
I, BERESSZ R DUEAEA A 515 (TARC, 1979 ; Bar-
rett and Huff, 1991). L2 L, ZOIRICIZATAALE
DI HDA4 = T—3 3 VR Z oy Dl
S EUISRERE 7 12O W T A S A 2,

IR a7y EADERMIEL T 2 b oy s REE
ERFoTWwWbEIERLLW, X1 ~5HHD=7 27D
TEERICIEZZR Moy D ZEREFZEAEFEL LW
L2 bbd, COMICAKRZA ey ThD
diethylstilbestrol (56-53-1) (DES) #4%5-3 % & = I
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W4T A (Newbold et al., 1990). Z#uicxi L TH
eI 2T TRTCOMEL TR b oy v ZEKEET
HHIZHLrboT, FEIEIIHFES L Vv (Newbold
etal.,1990). F72, T X b7 ViFHENATZX ey

YOWARED T RXTEUATE L, X ey b
i3 Th, HEHENIZ b oy A3 AEM L
Wb THb, AR —IZDES X 17 8 -estradiol
(E,) (50-28-2) #4%5-3 5 &, WTFNOEA L BIHICHE
AT IS (Lietal., 1988). L7 L, DES®E, &
[N 2 b vy G5t 25 ethinyl estradiol (57-63
-6) % 2-fluoroestradiol (16205-32-6) A itk 39k

1255\ (Li et al., 1988 ; Liehr, 1983).

FROZZ b7 k> TosRY —IZEEE» T
I, CNLDMEBIITZ ey s %G5 THART 5.
Thbb, X bay AREETH 5 (Li et al., 1988),
L7ehso T, TR b oy i & 3D RERHERRICIT,
%A (epigenetic) T HRED T S- L TWbA Z EXFH 2 5
N2, IXTHIR ba7 v 2R H 5 L 3R
LwZ b, TR Moy EHERSALICIIVET
3H 255, HDATIEHHTEwL DEBbNS, =
Z b ey oL OKRE, 2 21E, =X barvo
DNA B EREITEE R § 2 RIRERDFR L E RS
T\ 5% (Barrett et al., 1985 ; Barrett and Huff, 1991 ;
Tsutsui and Barrett, 1997 ; Li et al., 1988 ; Newbold
et al., 1990 ; Tsutsui et al., 1983, 1984 ¢, 1987).

(1) SHE fiizic £ 2 = 2 b a7 v D h ALK D ik

Hr

FHLIIINETICSHE #ilezfi~T, =X vy
COSEIEMR A IR T A L AL MICLTER
(Hayashi et al., 1996 ; Tsutsui et al., 1983, 1986 a,
1987, 1997 a . Tsutsui and Barrett, 1997). DES % E.,
ZoMn T2 bas iz k- T, SHE il iz E
SRR £ D A DMK 8 T i B % 78§ B R R i
DikBEIND, SHEMAICIIZ R buy v ZEKDHR
Bz A E A6 ILT (Korach and McLachlan,
1985), 72, TR bar ik - THIlEWIE LA I 1
7\ (Tsutsui et al., 1983 ; 1987). L7225-> T, Z Dl
fazffio L, ZA a7y DL 2T bayr U iEEE )y
ALK IR L THZ B2 L0 TE D,

(2) =2} uarrDPIRE R
SHE #fifaic DES X E. #{FH 3¢ 5 &, #ilanfy
SRR ASEE I LB DY, hprt *° Na*/K* ATPase iz 1
DRIRERCAER DNA A ITFEI N4 v, efafk
DREERE LI E 2o nds, PRI RFEIHFES
% (Tsutsui et al., 1983, 1987, 1990, 1997 a). L72%%-
T, INHNDZ R s i3 SHE fiflgicx L TEfs+
RINERITEZ S0, PR EREZFET L2
L-birb, £72, DES & EWMCHEER A T T SHE
FHRLICE S8 5 &, il 25 L5 L, Na*/
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K* ATPase {5 T DRIREL R L A EM DNA A
X414 (Hayashi et al., 1996, Tsutsui et al., 1984 c,
1986 a). & - T, DES OfUH#f2 T DNA 7 HE S 15
WHEEAH B, DES 13F F 7 o —4 P-450 12 & » T
b3, DEStIX/ yRDES X/ vichkbtuwbi
Tw53 (Liehr, 1990). O DES ¥/ ~i3, ¥ b7 uv—
L P-450 BICHEERX / VBICEETDES I ¥/
R DESIZ&Ei3ns,. L72o->T,DES & DES ¥/ ~
EA3EEIL L EILD A 7 )L (redox cycling) # ## ) iR §
Z X 1i2% % (Liehr, 1990). Z® DES ¥/ »»*DNA &
fHniEZEK T %5 &£ b1t Tw 5 (Gladek and Liehr,
1989). 72, ZOBLEITY A 7 NV DBFET DES 7Y
—ZVANDTEL, TN DNA IKHEAT L LW EE
bbb RES, 1990). Zafl, DES £ 3 ¥/ v »fEHR
BFERIRLTR=N=FX L FFTUHNDERS I,
DR —N—F XL F P RAZ—FIZ L - TRELA
FichD, EHLICOH I YANICERILEINT, T
DNA O 77 = 353D C-8 {1 Z /KEE {1k L T 8-7kEg1k
TAXL 7T /2 (8-0H-dG) 2K T L L bbbl
Twb (Royetal, 1991). WAL I 6DMB
DHEZ BAEGLE LT DNA BEH I N 5.

E. o X P’ ¥ T % 5 estrone(E,), 2- hydroxy-
estrone(2-OH E,), 16 a-hydroxyestrone (16 a-OH
E.), 2- hydroxyestradiol(2- OH E.), 4- hydroxy-
estradiol (4-OH E:), estriol(Es;) # SHE #ifia (= {EH &
% &, Es UNDTXTOWHEIC & - TEER ks
FUIN D, BEEEREEN®RE (3, 2-OH E;216 a-
OH E.=2-OH E:=2-OH E.ZE,=E,>»E, T# 3%
(Tsutsui et al., 1997 b). %72, 2-OH E, ¥ 2-OH E,
4-OH E: 12 & - T SHE #ila (2 g A Dk 2 %, E,
X 2-OH E., 4-OH E,, 16 a-OH E, (T & » Tifafk
DRI HFHE S 115 (Tsutsui et al., 1997 b). DNA
fEMREZRRE % 2P- KR+ 7Y v 7ETH~S &, fif
MAZHEIZ E. &0 4 2-OH Ez, 2-OH E; &9 b 4-
OH E., Tu# < #l11 5 (Hayashi et al., 1996). 216D
WL, 280 E, XBEWY E, & RE 22 0L O
Pt 2 f5 > T b 2 L 2R, »D, ZDEND
EAEEE OBISENE, T4abb, RAKORER
B L ORI R HEMS DNA AR RAETEIC £ %
HEMEZRLTw

E, 37 73—z bay  2iE{tE i, DES D
ADE ) IR A ZNVERITEFEZLNT WD
(Liehr et al., 1986). L# L, 2-OH E, ®4-OHE: &
InHIcHIeT 52X/ Lo bEIEH A 7 0vick 5T
TN =S ANDRET E0E ) »IAMTH S, Roy

5(1991) 12, DES 3% 512k 5 THNL R —DAZADF
=2 > DNA T 8-OH-dG V<AL Twb 2
EEAWIILTWEY, ZOBRIIE, TIIEI S0
rwi, L7eh»T, DES L E; iI2& > THHEI N5

A1t’<°¥ﬂiﬂ'@,0)1f’””$£?ﬁc 13, B oHESEG-LTw
LltietE 5.

TR burvid, TR oy ARG 8% §)
WL, 2o DHNaD MLl fE T RIS EL JTT.
DL L HRENLEES T oy EBA L
TWaBILIZHLLTHEY, TR ar i3, 7,
IZ a7 REEEN S RIS X > THIRZISER
PERPRIT. CNLNZ LIZT A by Y HEAD,
BAEMRT 2 RIZEROBE T OMESEHORRIE
THIEERELTWD

2) Z DD I BIGE DA SEIE D 5% AA KK

Table 1 & 2 IZRL72ALEMENHI B, TR w7 ¥
Lishod 25 FEXR I3 PLE NS MAE S O clofibrate Z B\ T
T, SHE #ilgic e E ik % #E 5 5. Clofibrate
13, Wy-14,643 2R ) ke =— L icEikEE 52 572
DI F & LT v % di(2- ethylhexyl) phthalate
(DEHP) L [ilff, 7 v FRo=m 2 IZHFHilE 2 FRT 2
(Reddy et al., 1980). SN HDWHEIZE-T, 7 v 2]
FFIa D~V A X 2V — L LR 5. 2D1(E
i 13 Wy-14,643> clofibrate>DEHP @ Jli T i# \»
(Reddy and Lalwani, 1984). DEHP (3 SHE HlEIZ

WPk & T % 27, clofibrate X Wy-14,643 (3355
L7evs, 5y MIF S 7 8y — Aok 38R R (A AE

N3, DEHP O g dniiEtE s A T & ) EA-L,
Wy-14,643 T L G e BEE L % 5. L2 L,
clofibrate T3, #HWfCHEE R AL T T b RHERIRGTE
DEBETE 125 L 70w (Tsutsui et al., 1993). Z#Lba 314E
At L bz SHE Ml s tafh R 2 L v, 3
Wk SR F (4 F T3 DEHP & Wy-14,643 (3 tafk
BEHRIE 25T 4%, clofibrate (375 S 7%\ (Tsutsui et
al., 1993). Clofibrate, Wy-14,643, DEHP Fwind
SHE M izt L Tt %3V — 2 2R3 %
WS, EUICHEER AR T T~V ¥ 2 — ARG
M%7 L, £0ihtElL, clofibrate=Wy-14,643>DEHP
DNE T (Tsutsui et al., 1993). ZiLHDHRI,
clofibrate % Wy-14,643, DEHP ¢ SHE #filzi2x3 %

SEAC PG, MR~ ¥ 2V — AR ER & Y
i3, LA, RfakREHFEEEEELTWS I LER

LTw 3. Isfort & (1996) DfF%EIc & % &, 1K pH(6.7)
FT clofibrate # {Ef & % £, SHE #illg 12 Eixik
HREC B, MMANLF ¥ 2V — 413 HoO, 2ERT 5
BrLTmonTwd, ~vt ¥y —2AWI2i3 HaO:
s (glycolate (a-hydroxy acid)oxidase, urate
oxidase, D-amino acid oxidase, fatty acyl-Co A
oxidase, polyamine oxidase 7% &)X H.O. 7K T

» 5 catalase, = O fliacyl transferase X* dehydro-

genase % £ DEEFR HAFAET % (Reddy and Lalwani,
1%@.aammeWmﬁmpHmﬁu?‘nemﬁim
PEIZEAL A L, 22 B EREICRERZ L

T BREMED H 5.

EEREWICPRKIESLHIE 2 FET IREA D
amitrole |3, Ames RER T3 RERERFEEEZ RS H 0
»%, SHE fila T3z ®5EM: 2 77§ (Tsutsui et al.,
1984 d). 2 ki3, SHE #ilaTl, Ames 25k THH
ENT B HHENR & 2R 7% 2 8H T amitrole 77X
FHENT VBT L ERMEL T3, Amitrole A A DR
N2 T d 5 K IR 22K 4 RIFERBR CHE 2 R ¥
SHE #H iz T 1 peroxidase ifi 14 4% V> (Degen et al.,
1983). Krauss & Eling(1987) 12 £ % &, amitrole (3
peroxidase % 7 L TUBHEM(L S L5 £\ 9. Amitro-
le 12 & > THIKIRICHEE AR T % D13, amitrole %X
FEHMEALT % peroxidase (it A&\ HUR IR 27 2 DEERY
Y B72OTHH.

Table 1 & 2 ITRL7ALEWE D) B, TA a7 r
LA TR B RIS 2 B 2 R L AL F R TS,
progesterone & reserpine Z 1L 1= Na-bisulfite & testo-
sterone, testosterone propionate % \2T, §XTIZ
WAE T % 72 13 R R A RIGTE A E M DNA A GH
w2, 70w LI, DNA R B RES i (R atE %5 &

LMD, IHLOMEND—O W LIFEED, 6D
LR ARG LTwb LD EBbits,

—Ji, progesterone, reserpine, Na-bisulfite, testo-
sterone, testosterone propionate 13, \» 3 i1 & SHE #
Nalo iR 2 HET 225, bhbhnfT-> Tw 5i#i{R
FRERTI3M T H % (Tsutsui and Barrett, 1990 ;
Tsutsui et al., 1994, 1995). SHE iz E{#xifk 525 %
T3, S HDILEWE % A8 BB S 72 b, #ile
RSP I PHERE L, 1 EMR%RICOP IR o
——RBET L. 202 kI3, 48 BEHIDIERIRM b ICHE
Nahssz 13 724i] & A LAS, 2 v =—FEEH b %E

L CHERE S, MEIEREE 2> THAZZEERLT
W3, BV, s LEWE I BRI
Jﬁfxﬁﬁi{t%?ﬁtﬂ”éﬁiﬁ%b‘b 5 r&RLTWS, i
EPRREROPOERERERLZEHEFEL LWL &
FHOMED = N6 ICBE- L Tw b b Lithw,

k12, diphenyl {LA#T & % bisphenol-A & phenol-
phthalein IV TO#H %K%, Bisphenol-A (3%
B, BEEALELYELTCHBICA-TWA, E 7,
phenolphthalein (3#& F#l & L TR A I TS
bW TERD Fig TISRT & 918, & PREREM
AN R R T AR KRV E > D DES & ALhEE
7L L T\ 5, Phenolphthalein b 7 v b =7 R
7% A JEHE % 7% ' (Dunnick and Hailey, 1996),
bisphenol-A DA A G (T, KE D NCI/NTP D#E T
134 E (equivocal) & 7 - T\» % (Ashby and Ten-
nant, 1988). S HOWIEIZ VT L Ames Bk T
R,

Bisphenol-A b phenolphthalein & SHE #ifl f2 (&
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Fig. 7 Chemical structures of diphenyl compounds.

PlEiR %3553 %, Bisphenol-A (3 DES & [il#f, i {z 1
RIRK RO YAONRIE, 23Fk L 20 hs,  efafkon Bty i
WEE T, 72, DNA (SfHA% T 2 (Table 2)
(Tsutsui et al., 1998). —7Jj, phenolphthalein (3 iprt
B ICRREREZFR L, PEERELEST. Ly
L, Setafkon Bt 2% (34§, DNA ik L % L
%\ (Tsutsui et al., 1997 ¢).

DI LD, WAL EWRIAL AR (3T B 5,
SHE #ille (2%t 3 2 it ais (3 L B 2 = b e
H7r%. Bisphenol-A (3 CHO #l (= ililk e i 53 458 16
RP ORI 2 L 720 d8 (Tvett et al., 1989), V79
G I NS B e etk D B B A k2 =
(Pfeiffer et al., 1996, 1997). 7=, bisphenol-A (3 in
vitro DXNVA X 2 ¥ — XM R AFAE N T bisphenol-A
+t I %/ > % bisphenol O-¥% / » i2ft#it 241, DNA =
&% k23 % (Atkinson and Roy, 1995). ik L
725912, SHE #ilgiz Nt X ¥ — vt 28 - C
W5 DT, bisphenol-A % SHE #i (2 & > T DNA &%
BRI SN2 ThEE D H 5, Lo L, BlED L
S5, Rz % bisphenol-A D 45y -f- 0 —# 7 &
7, %3 DES DA DREALRILY A 20D & 512,
bisphenol-A DXH IC L > THELZ 7)) —F A ps
DNA IR IS L TwaDhizbh > Tn i
Wy
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#& G

SHE #iifa % /W 72 2B B8R (2, 25A EE OB
W AAERED R IZZ N VOB % %485 2. L
7L, SHE #illa z &, i FLARMI % F v 72 i
RIEBRIZHIN L TW BRIV — T 13 IE% 1270,
SHE #ZIZBR > T 2 (X, I 7261212, A JEWE
12 & o THUBICIZ IR T 2 Ml & B o BB 1F I %
ROFIETRENHY, 2D ET, TN iE
B, ORI ICHEBRE 1T %2 5. SHE #iila
BEERRD LI a0=—T v 4TI, o
pH VEET, S au=—DREITKE BT 2,
L72h7 5 T, 72 & ZASEHISTMNT 2 NaHCOs %D pH
2T LR, KEEELZ TX 372513 ICKRT S
D LRPUETH S, BEIERERIIM 134 <,
Wit TE 2 22w E T 5,

ZEXM
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Improvement in the efficiency of the cell transformation assay using
BALB/c 3T3 cells
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Summary

The in vitro cell transformation assay utilizing BALB/c 3T3 cells is regarded as a useful method
for screening potential carcinogens. In spite of the expectation, however, its use for screening
carcinogens has not been fully exploited. It is evident that some difficulties still exist in employing
it as a routine procedure, and for this reason we considered it important to attempt further
improvement of the method.

In the present study, we examined basal culture conditions of the transformation assay using
DME/F12 medium plus insulin-transferrin-ethanolamine-sodium selenite (ITES) and FCS, and
optimal duration and timing of 12-O-tetradecanoylphorbol-13-acetate (TPA) addition to achieve
transformation. The results showed that the use of T medium (modified DME/F-12) or DME/F12
supplemented with 1% ITES plus 2% FCS resulted in a high transformation frequency, but also
well supported the growth of transformed foci. Transformation frequency was highest when TPA
was started from 1 week after N-methyl-N -nitro-/N-nitrosoguanidine (MNNG) treatment.
Optimal duration of TPA-exposure on MNNG-initiated cells was at least 11 days.

In addition, we tested several typical carcinogens and promoters in order to confirm the
applicability of the new protocol to the two-stage transformation assay. MNNG and benzola]
pyrene but not non-carcinogenic benzole]pyrene induced transformation foci. With the addition
of a metabolic activation system, dimethylnitrosamine was a potent inducer of transformation.
Okadaic acid and other tumor promoters enhanced transformation of MNNG-initiated cells.

A collaborative study of the transformation assay was performed by a subgroup of the Non-
Mutagenic Carcinogen Study Group, which is a suborganization of the Environmental Mutagen
Society of Japan. The results showed that the performance characteristics of this transformation
assay were very similar between laboratories.
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These studies demonstrate that the use of the proposed medium and protocol drastically
improves the transformation frequency in this two-stage in vitro cell transformation assay.

(This paper, in a session chaired by Makoto Umeda and Hiroshi Yamasaki, was presented to the
symposium “The present condition of cell transformation assays for predicting the carcinogenic potential
of chemicals”, organized by Noriho Tanaka, at the 26th annual meeting of the Environmental Mutagen
Society of Japan, and held at the Hadano Culture Hall in Hadano, Japan, December 3-5, 1997.)

Keywords ' two-stage cell transformation,
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Table 1 Culture Medium for Transformation Assay Using
BALB/c 3T3 Cells

Factor (A) Usual (B) GIT (C) Improved

Basal medium MEM T DME/F12
(or T)

NaHCOs;  (mg/mil) 2.2 1.8 1.2

HEPES (mM) = 18 15

ITES” (%) = 1 |

FCS (%) 10 -

GFS? (mg/mi) = 3 =

Y"ITES : insulin, transferrin, ethanolamine and sodium
selenite
? GFS ' growth factor in serum

’ S e

MEM+10%FCS

T+1%ITES+2%FCS
Sy

Fig. 1 Giemsa-stained dishes showing the development of foci in MEM +10% FCS
medium or T+1% ITES+2% FCS medium. The cells treated with MNNG or
DMSO for 4 hours were replated and then cultivated for 3 weeks. TPA (100 ng/m/)
was present for the period from 1 to 2.5 weeks.

(A) MEM + 10%FCS
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Fig. 2 Colony-forming efficiency and transformation frequency of MNNG and TPA-treated BALB/c
3T3 cells. BALB/c 3T3 cells treated with MNNG at various concentrations for 4 hour were
replated and then cultivated for 3 weeks. TPA (0.1 ug/ml) was present for the period from 7 to
18 days. * **Significantly different from samples additionally treated with TPA at P<0.01 and
P <0.005, respectively (Mann-Whitney U test).
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fifE L7z, ZHUSiE, TPA RHERFOHMINL D AKTE A -5
LI ERMEINS, £2TC, /=y — 7 —WH%,
PR SR 2 2, s X F & F 2l MIC confluence
ICET DL LRMTT, TPARBICEEZ7+r—H R
ﬁﬁr&@ﬁ%i’@&*‘b%%*ﬁé‘ftf:. ZDFER, BRI O &

, TPA O F i 7Zc )L A 3 7 - 72 (Fig. 4). 1X10°
~3%10* cells/dish THHERE L 72854, TPA O i 7 if
I (3 #08E 2% confluence 123E L t&-ﬂtﬁk—‘ﬂ L=,
TPA (2#il2 % confluence 123 L7z & & IZiR M LIk
DIENEETHLI LRI N, —F, 1X10°
cells/dish THHERE L 723 5 11 5 H H 1213 conflu-
ence IZ3E L7225, TPA O Fiili %R ﬁﬂﬁﬁk*ﬂ’?ﬁﬁﬂil*ﬂﬁ@
THHT®H 7. ZHUI in vitro KRIGIERER TR
NTW B0 bR RAEHIRER (expression time)
P LTWwaEHEZ b7,

D EZ, PHEME 2 O O E IR o BRI %
MatL7z, §%bb, 71 ~7?X0)Hﬂf5éﬂ.¥,ﬁﬁ’2dﬁ’\é s
DIZLLTD &) Gz RE L (Fig.5). 1=+ x—
b L7cHtle 2 R LIS HRRE L 720 B, A BEO 53611308
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7t - 72 (Tsu-

(A) Days after replating

0 7 14 21 28 Foci/dish

L ¥ + . } L t L | (mean % S.D.)
[ ] 0.40 +0.52
C ] 0.40+0.70
7 ] 1.30+1.06
__ [(11days) ] 4.00+1.70*
[ ] 4.20 +1.75*
(8)

I ] 0.60+0.70
R — ] 2.70 £ 1.42¢

[ TN 230 [500:148
L *N 32 500125
I N | .0:1.10

Il : TPA-exposure (200ng/mi)

Fig. 3 Effects of (A) duration and (B) timing of TPA-
exposure on the focus formation of MNNG-exposed
BALB/c 3T3 cells. (A) The cells treated with MNNG
(0.5 #g/ml) for 4 hour were replated at 210" cells/
dish and then cultivated for 4 weeks with 2 medium
changes per week. TPA (200 ng/m/) was present in
the medium for various durations starting 1 week
after replating. (B) The cells treated with MNNG
(0.5 #g/ml) for 4 hours were replated, and then
cultivated for 4 weeks. TPA (200 ng/m/) was present
in the medium for a 1.5-week period that varied in its
starting point. *Significantly different from MNNG-
initiated cultures without additional TPA treatment
at P<0.005 (Mann-Whitney U test).
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E: 1x10%ells/dish (days)

Foci/dish 0 i 14 21 28
(mean += S.D.)
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0.60 + 0.52°
1.63 + 0.92

570 + 1.95*
433 +1.00*

C L e
BE: TPA-exposure (200ng/ml)

Foci/dish
(mean £S.D.)

0.20 + 0.42
1.40 £1.17
622 +179*
525+ 205"
375 +1.28 *
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0.20 + 0.42
1.50 £ 1.27

)

6.00 + 1.05 "
430+ 128 %
290 +1.10*

Foci/dish

(mean £ S.D.

0.30 + 0.48
1.40 + 0.97

)

338 +1.77 "

2.60 + 1.78

Fig. 4 Relationship between inoculum size at the time of replating and the starting time of TPA-exposure on the focus
formation of MNNG-exposed BALB/c 3T3 cells. Cells were treated with MNNG (0.5 #g/ml) for 4 hour, and
seeded at 1X10° (A), 3x10° (B), 1xX10* (C), 3X10* (D) or 1X10° (E) cells/dish, respectively, and cultured for
another 4 weeks with 2 medium changes per week. TPA (200 ng/ml) was present in the medium for a 1.5 week
period from varied starting times as indicated in the figure. The dash lines in the figure indicate approximate
time reaching confluency. *Significantly different from MNNG-initiated cultures without additional TPA
treatment at P2 <0.001 (Mann-Whitney U test).

ek
A I

MNNG

wnffi : Replating
C— > :Dispersion
= : Culture
2+ 1 Initiated cell
@ : Transformed cell
# :Focus
- - — :Supposed appearance

time of a transformed cell

Fig. 5 Rationale of examining the appearance time of transformed cells. In the top line, appearance of
a transformed cell and its growth are schematically shown. The other lower lines describe
resuspension and reseeding of individual dishes at different times after plating. Any increase in
the number of foci observed in the reseeded dishes will represent the number of expanded
transformed cells present at the dispersion of the cells.
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‘ Days after replating Table 3 Induction of transformation in BALB/3T3 cells treated with various concentra-
| Group O 4 7 11 14 18 21 Focinumber Foci/dish } tions of dimethylnitrosamine in the absence or the presence of the exogenous
| ‘ t L + 1 + 1 ] (mean = S.D.) ‘ metabolic activation system®
{If A [ T 2 | 3344445558 450+ 1.43 Initiating S9 mix Colony- Transformation
. —— et < etk o RSP Wl idibe  ToisNo. . Fisasiab
,1,1,33,45,7,9, 430+ 3.1 [ i :
- SRR SR (kg/md) efficiency  (ijth foci/No. of  of foci  (mean+SD)
A 4 %) : :
| c [ NN | 1124561315172 860+ 7.53 ’ dishes examined
| L4 DMSO - 62.0 0/10 0 0.00+0.00
Il — S - . 310 3 0.30%0.48
(I D e 112.00 +54.00 DMN500 63.0
il DMSO + 60.0 2/10 2 0.20+0.42
‘ Il TPA-exposure (100ng/mi) DMN100 s 59.0 3/10 3 0.30+0.48
\ w : Cell dispersion DMNZ200 + 27.6 6/10 9 0.90+0.99
I DMN300 + 13.3 10/10 33 3.30+1.70*
Fig. 6 The appearance time of transformed cells. The cells were treated with MNNG (0.5 g/ DMN500 + 2.9 10/10 48 4.80+2.04*

m/) for 4 hour, and seeded at 110 cells/dish. TPA (100 ng/m/) was present for the

eriod from 1 to 2.5 weeks. At the time points indicated by V¥, all the cells in each dish i . G o :
gl i = 5 o S : J e .ac » ® The cells were treated with dimethylnitrosamine with or without S9 mix for 3 hours.
were dispersed and cultured again in the same dish. The total culture period after

* Significantly different from the one treated with DMSO and S9 mix at P <0.005 (Mann-
‘ MNNG exposure was 3 weeks. :
il Whitney U test).

2 TPA (100 ng/ml) was present for the period from 1 to 2.5 weeks.

Fig. 7 Improved protocol of in vitro transformation assay using BALB/3T3 A31-1-1 cells. ’
Fig. 8 Promoting effect of TPA and okadaic acid in the two-stage transformation assay

Initiating treatment 7 6
T T I T T T T T
Medium: MEM + 10% FCS Medium: DME/F12 (or T) + 1% ITES + 2% FCS :DMSO : . DMSO ]
| 0 48 (hours) replating 0 7 (day) 6 :MNNG o;% pg/ml 3 5 :MNNG 0.5 pug/ml 7
| | -_— = 3 b
‘ 1.25x10%cells/ Initiating treatment 100 survivalcells/  Methanol fixation c 5 9 = 4 -
60:vvis diah 05 ug/ml?VlNNG or DMSO 60-mm dish & 2 b 2 3
f Giemsa staining o 4 © 3
’ 4 hours el oy 3 -
| 3 3 3 :
' Medium: DME/F12 (or T) + 1% ITES + 2% FCS 2 w2 :
E 0 4 7 11 14 18 21 (day) 2 ]
Medium change b
‘ i 1\ x * ; ang 1 1 ]
l 5 x 10%survival cells/ ‘ , 0 3 0
| 60-mm dish ﬁ)roo'?;/?rt‘:r} Aroeraot:dnsegt Melhaur:olﬁxslnon 10
: 1.5 weeks Giemsa staining 0 50 1 00 200 O 1 2 5 .
| TPA (ng/ml) Okadaic acid (ng/ml)
|
|
[

Table 2 Induction of transformation in BALB/c 3T3 cells treated with using BALB/c 3T3 cells. The cells treated with 0.5 #xg/m/ MNNG for 4 hours were
various concentrations of benzolalpyrene or benzolelpyrene® replated, and then cultivated for 3 weeks. TPA or okadaic acid were present at
Initiating Colony- Transformation various concentrations for the period from 1 to .2.5 weeks. ."Significant]y differer?t
l treatment® formin : . from samples treated with 0.5 g/m/ MNNG without additional TPA or okadaic
—— No. of dishes Total No. Foci/dish acid treatment at P <0.005 (Mann-Whitney U test).
(ug/mD) efflcolency with foci/No. of of foci (mean+SD)
| o6 dishes examined Table 4 Promoting Effects of Ames-negative Chemicals on MNNG-in-
; DMSO 51.8 0/10 0 0.00%0.00 duced Transformation of BALB/c 3T3 Cells
! BlalP0.01 35.9 3/10 4 0.40+0.70 Chemicals Concentration Transformation Rodent
0.02 27.1 6/10 10 1.00+1.25* (ug/ml) frequency carcinogenicity
0.05 14.4 7/10 12 1.20+1.03* (% of control)
0.1 8.1 10/10 27 2.70£1.34* DMSO (control) 0.1%(v/v) 1.0 =
0.2 3.6 10/10 30 3.00+1.15% TPA 0.2 10.4 skin
BlelP10 44.5 1/10 1 0.10+0.32 Okadaic acid 0.01 17 skin, stomach

30 434 1/10 1 0.10+0.32 Lithocholic acid 10 6.0 colon
‘ Sodium phenobarbital 1 2.6 liver, thyroid

“ TPA (100 ng/m/) was present for the period from 1 to 2.5 weeks.
® The cells were treated with Bla]P or Ble]P for 72 hours.
* Significantly different from the one treated with DMSO at P <0.005
(Mann-Whitney U test).
MIRBECHARELSEL ), BE7 0T — 7 —iRINEE 127 %, il EiER BRI B L R ko 72
BoMNanIKEL e WV RAE B LIk B, —H, b DI PR IR A B 5.

[FRIEFOMINEDIKTE (3512 confluence 123 T % KEY) EPA Working Group, 1985) T3, BALB/c 3T 3#H bhowif L7277 a b a—1 T3, RKERPE 20872 Pl ki, HHOMBKREB L URE7oE—2

& RIRERBBIRERI A G- 3 5 2 L AR S 7z (Tsu- Mo Z 7203 C3H 10 T 1/2 g % 553 MIIEFE L, in situ DB Tt ik BR D & 5 & A (AN £ 2 fii 2 THERE L3 — DRI %2 5T L2 &5 8, O MEM+10 % FCS 54

chiya and Umeda, 1997). TRBWE 2 WY 2 HEPRMI N T 5, Zokik Sk U7, FHERESAEAFMNC R Z B 72, il HIcB 2, DME/F12 (27213 T)+ 1% ITES+ 2%
1985 fEIC LI N7HERE 7 2 b 2 — L (JARC/NCI/ T3, alBRIE AR MiNa R A 1 3 M ER i F o 728D, T 0 E— 7 — RO OIKIE I A IARE X (2T FCSHMZEM W2 I L, QRW7aE—F9—ThD
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Cytotoxicity assay
Medium: MEM + 10% FCS
0 1 4 (day)
—
10%ells / fixation
60mm dish &
CV staining

(Transformation assay)
Medium: (A) MEM + 10% FCS

EXP. 1 EXP.2

B : MCA 0.1-1ug/ml 0.2 ug/ml
[[Im: TPA 0.1 ug/ml 0.01-0.2 ug/ml

(B) DME/F12+1%ITES+2%FCS

0 1 2 3 (Weeks)
v o v v v ¥ Medium
(I °"ange
i A) (B) Methanol fixation
107cells/ &
60mm dish Giemsa staining

Fig. 9 Protocol of two-stage transformation assay using BALB/3T3 A31-

1-1 cells for validation study.

TPA % 353 MLrh Dz A confluence 127 2 Wl 22 &,
LSBEHREH S22k, QFHEMIEZRMT S LI
&0, FEREHUT H~GEERIE T D B T T B 7 TF
PR GBI 2 L35 2 L T & 72 (Fig. 7).

SELLVEIC & SHREOBMLRRE

M 2SR L % SRl L, Ol L 2o R g kB
ZomithEga L 23, 1=vx2—9—-Th5%
MNNG, BlalP (Table2) W=y x—3 3 %
MR L 72, IEBIRMEWME D Ble]P 3B TH - 72,
DMN (27 v b S9mix fGHHEHELIC LY, 1 =2 x
—3 3 Ytk %L TE 72 (Table 3).

72, (FHBITF DR 5 TPA 8 L U okadaic  acid
(Fig.8) zi3L®, &MWL RETnE—F—D7 0z
— a3 AEMEMEGEE L2 (Tabled). b kb,
SEIFLMATRIB7 o —2 3 AMEHZRBT A1
KNG 7T 0T — 8 — %, kOB PERRBRL I
NEPESOBIB TR TEZ Z L 2 LT L7,
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BETHANDA = -9 —BIUREToE—5 —D
A [ HET H 5.
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Exp. 1 Initiating activity of MCA (n=16)

8 8
] ADMSO 2] B:TPA (0.1 ug/mi)
61 61
% 5] % 5] o 3
2 4 2 4
Q o
g € 5] -
2- 2- %
11 2 S 11
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= 1
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Exp. 2 Promoting activity of TPA (n=13)
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Fig. 10 Box-whisker-plots of transformation frequency
from two-stage transformation assay using BALB/
¢ 3T3 cells. The height of box indicates the 25th and
75th percentile of data. A line inside the box indi-
cates median, and bars indicate the range from 10th
and 90th percentile and open circles indicate out-
liers from the range.
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