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#=D S CESEEN “micro” HEDZFNELL, 20
~30%EmNZ ENFISNTED, cell-density D
fH:#i1c & 5 BUdR OETRE DRV ENEEK
L LTEZOLNTWAY, HFDHASREIT
BTV,

BEb-EbECHVSN TV AR,
RPMI1640, MEM, Ham'’s F10, McCoy 5a,
TC199 (109) 7 ETHBA, TC199 (109) %%
BWTIIEEDIZE IFAER L TH D, fthokE®E
ZHAE—FICLIBAOS CEEICBIREKR
xBERBHONIEW CREERERD. LML,
AT oFER BUIR BE (3 E ~ OffaAER
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ENHEINEEBT ELEND B, £, T
thymidine 7R/ L 75 & ik 2 AW 5B 51213,
ZF&E»HD BUIR BEEZRAT 2 4END %,
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uM gtk <id BUIR oD LR L3S C
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$13 % baselineS CESEEDERZ KB L TV
rrEZOND, 1, FIZE, HREERZP
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= CORICH I IcARI NI BERERIC X 51818
2231184, SCEFREBENBDLTHILD
£7 b3, BERMAK H5MI324RHE C
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3-1 {LEHENEREY U NERSEBHEDEL
BRicRRfz &9, B bR v EkEPHA
EAHRMUTHRIE(L LISE L7c5E, KR4
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E Sl By

b Y ERAE T2 L /cBg, Colcemid
AN « 4R E ERT O 215 5 Efic BUAR %0
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A ABE TS5 LRIDL I IS B, —7,
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DN AOUIWi % LD BLEMETHS 7
LA=24 vy (BLM) 2R 2@ETHRML,
B E Ic A >N 5 X~ X, M DX 1S5
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1[G —DMIR T - 72/ E T b 4 DM B
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DEEZOHNB, X, MMCTHERINBBEA 1S
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ErHFELRIMEOEBELCVBEELIONS
M, O EF HBMICKELSEBEREZTS
WS CEHEARTERAR LoEVHESRE
EERTIEMNS BEFEINS (K12), fE-
T, IEEEREZECHNTES ZESEWS CESR
Ao MfasE A sampling SN BT L &N
5, —F, HEEREEERC LcBICIZMMCHOE
BILOEWEREG, /G Hichdh, HEEEET
B Rt E NS 2 BIHO AR H Al
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137085fIRIT %S CESEE D E— 7/ BN A bD
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— 95 —




=
c
3
>
<
©
1
=
o
-
<

SCE FREQUENCY

| Treatment 4;*91,.@;1*

|

T

CULTURE TIME

T Ll T T |

T1 Sample

1 . 'l L '}

L] T T Ll  §

. T2 Sample

SCE FREQUENCY ( Arbitrary unit )
T

. T3 Sample

1 1 L 1 1

T L L T L]
| T4 Sample =
- et : e
1 L L l 1
T ] [ § T T
. T5 Sample _
L .
/] L L L J
] ] T T T
. T6 Sample -
v/
= il -4
1 1 1 1 1

Contr. D1 D2 D3 D4

Contr. D1 D2 D3 D4

DOSE
12 : muta-carcinogen JLFEIC & % K #&K5R (sampling time) %% A 7234 @ dose-response curve DZEAt

EFIE

% MR TR 2405 ] B 1< pulse MR L 72
BZ1218 51 % dose-response curve (X130 &
3TH BN, O curve THEHLZ &E1F, »
BOBVEE (INSOBERRRICEBOTEL
RN HOBEAER L6 BHEE) THOIE L 7B
CFERIN S HHE (X IEH 75 dose-response

curve X0 3TN, L LA, HFELD HIES
AR ETRT. o, MMM S sampl-
ingEDEZEE L 72 7o DITHBD THWVIRED
{LFEMEIRIC & - THE U 2 Mila 3 ROBEN R
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14 : & by oo SBREERE T H 73 5/ BrdUrd
ENELBIcBEANSSC ESEEOZ L
(mitomycin-C gLyg)

HEEZONDE, BRAICKRLRBLOEVEE
(3 X107°M, 1HfEE) oMMC TMLEE L 72
B, S CEME®DE— 7 3l ZLRIED L b
CHLB7-DIC8ABRIEICEHN S C & 22 LT
Wo, BIZINOSDHHEAE K DIRINICEIERT 51
WIZ, [EROMM CHLEEA 1T - 7% TGRS 3 L
PR D W THERAEIE (T285RE) DRITRS B85
fil BUAR M AT -7 & CANUDERAE
72 ZOXIE, 1) 1 HAREROEWHIIIZE S
CEMEMNMEVWELZRT &4k, 2) MMCuE
%% BUdR Zi’iNd 5% £ TOME, FREELE
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W5, 2D, Y UEKIERDAIE5T, £LH
WoN TV BRIV TILEMERRS C
EffiE%x R 28, BUdR oMM S, BEX
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BEEMEN— L LTHEHBIN TS, — 3-4 S-9IMixICLBANVEUHHESCE,
sol- " I I | | I I %, N RRBEGEEZFEL, E MIow DNELRIEDFAL
CATECHOL TREHDD S LHVHONTV S, TOfEH HEEBAMGRA0BRID U » kAR L ¥ U R
BIEICOWVWTIZRHD SN E W, S-9 Mix T 2 BRI L, L7285k %% SCE
401 £ - AHETIR, Ty MFI 70/ —L4 (S8-9Mix) (R 57 (X, X, X,) (H18) %
= MBI XD in vitro TONVE U RBMEEHL ke, ChoOREAS, S-9 Mix 10% &M
) s kDN ABEEBBICKM T BHitkRENME B, ChSOERAARLEV AN
o ~ %2 (SCE) DIEZIERL LT, Xy Mot o, XUEU+89 (10%) cGSH
> BRSNS # 2 BBEDN AfE - OBEMIC>VLTHRITL M4 78B4 3mM GSH 0Em<S CE i
QO 20F - fa % > 1 ERENIED - 12,
2 — ROEBVRRERLBR L HESEY (72— R HR RIS BRI Y (5mM) &
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Cho 8HDEFEED D B,
S CEMEADZFGHAE WV 3 >OATEEE, Al
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EHIELIEE YN BICRB T HAFONLVALD
2avbo—)LE LTHELL, ThoDBRIE
TREDOEED 1213 HEICTR EEHINCRTE L T
WABETOHBTH O, 150 BESZEEE
OFELTMT S ENTRETH B, TNLODFE
BOZEEEEOL#EIE, bacelineS C E 3
BECIIIEMIEE D Z i - 72h%, MMC%A—
ERAR LcBIcET 3 S CESEE I3IEREE D
FhED BEBICEVENHANE L7 C
NODOERERIZ, FAENRE LIcREBERO
il v SBRTIRFEREE D Z ICHANT, 1)
BELSREEWES MIMCFEELE 20ho
Ak O Bta kDN A ICEE S 2E| &2 L
W3, 2) ZfEDNAICE U BE SR
KEEIhAZERBCHSATVWSD, ZNo
DEEEENMETLTWS, 3) READNAGE
DETE LB A Ic 2 o ik g e A S BT 8r
BINZEEMEMLTWS, FOrfettERme
LTW3,

4-2 SATRIAINEFEEEREEICKT
BREE M
RICREAEOEERBEEIEECLTIAI7RY
1V ORIZEHNS BT L 72 A A -
ek, RO —ERE (2Gy) 1K —E
BoRtkDNADYKEATAELIE S, Th
SOUMFEE A DY L BRI IEIET B I51ERE%
& D EERTAURICTEE VN BRES L TEEY
B LAHIBNTVS, ETAN, ThdDHb

y-rays/ara-C

Enhancing ratio

=

Enhancing ratio

Poor

Moderate
Health Practice

Good

22 : 54 7 Z5 A Vic & B BEHRERREABED
ara-C ic & BEHEMFICHT 2 BRZHOLE

» BYWIRIZTTOBY ICEREAE T, B THIOD
Ul & RS S Lo R E A ikt iR G
e B ENRCHISNTVS, — A, &
n o0 REEDNADYKIROEEEEET 5
& & L cytosine arabinoside (ara-C) nNE <
HoNTWS, £TRLZI—ERETY /38K
A MRE LSS ara-C TUET S LICLD,
BERECHT BEA ADY v/ BROBRZHZE
B, TORR BEMAERTH S ara-CHL
Mk 2 pmAlERE CHREERREEERIR
k) OLRIHIRAREFFIFATRIAN
DBV (2 IR BETEDOI L, FoTW
BHOLIEVHD) (3L ara-C MEIC K 2 RE
AR EREHEED EREAKE WERIZR LTS
(F22), MEZTDE ZAN0BITODVWTDLHT

— 32 —

EBTHY, TN A ZHBNEN LD
B AEEICRE > TV VLY, B HREE
s L CREITE SR L TH D, TORENEES
naEiAhTH5,

PLERAT R &1, Kx ORTORRR,
O & NI O OFEVHEEER
1855 REEEE OIS & TR
b BREKOE(LE bIERISBENE 5
CEERLTVA, LIS RN LEFOF
BETHD, ZOEFAOEZ AD/ Ty F DL
B kEL, ZOBEAMONTYFOZR
D517 R5 A« BRIFER & BEZER THH
AlfEE EZ b Ah, TOEIEMLHEI NN
SORETH 5.
fasm a,’rf }

4-3 BEOCEEERFAOBEGRS
BT & 5 iRk DN A U 25
REREERERICL S BEIERICBEINS, C
hoEEREOR (VbW Bpool size) (3, &
B ETHBN, O MBORENEERTICE
HARSEREE LEe MBI T, 7 5 TILBAICH
T NS EEICS 5B O pool size A
BL TV BD TR E BB T X BHHFAE
FEBATH 5, PlZ 3 California KD Wolff
i3 T MROBEHRICEIESE LB A0
mtﬁczﬁﬁlo)Xﬁu& DERINBYS
BEMEREEEY, ERREIRBEOL VS
ICHSERICEVEREHE L BN, b
L, CoMENBERCHETHBNOE, <
BROHERT IR Lk 1 N3 EHEE T
o L CiEbibEA S C L2 RIKL TV B, 517
RIANOEBOBEHD oI, T ER (D
B HoRBEOREI %S Shs, - oEEH
_ﬁlhmﬂxw4»<mu>aﬁhm@§g@%

:Tﬁbm o
LV BORBHEME
nitrosoguanidine ; MN N G)
B, KICKBOMNNGIcL»%
BEEABOCHER L TENOICLS

CHALLENGE: 4 pg/ml MNNG

ADAPTED + CHALLENGED

50 \

t
WY //
W\
\ / NET INDUCTION

¢
g

¢__¢\¢ / ADAPTED ONLY

30

SCEs/CELL

20

10 +

(o] S 1
(0] 5 10 25 50

MNNG  (ng/ml)

23 : T EREOMNNG 3 R EEEAEIC X 24
Rt @IS BB 1T RE D F B

SCEDFERIFEZLEL Lz, TR, Mikiz
fEE LTHW -5 AZEFAE L TABICIINH
ST ERE (10ng/ml) ODMNNG® 3
HEEGEIR 5 ICKOMNNGHERS CEicxtd 5
RZHDETHBEEIND, Tho5DHD 4 A
AL ICATAHIES (K23), 10ng,/ mlD{K
BERMRTEICH L CEEA RS Mk HE &,
FAEBEIGE RISV H D ENEET B aJfEtEAR
wEhi, Ihoid, BEISEEICEWT LRI
heterogeneity DFEEEH L RE L THD, 4%
L0 £ OEFICH LTI SBEISEED D%
BTBUNENDA D,
RO EL T 5 BEEN DO TFER
BIELEZI ShBREEDNADEILE T (1 7
29 4 IVOBEHEICHSOW TR A OEEDH R A
SRR LTz ECICEBRTRZR, Wb a R
HEEELTSAT7RIANERIBEIC, 74
724 NVDBWER IR EREEOEL (SCE

— 33 —



SRR, AEONC IR R R EA DN AUl o&E
PHEMERICId B2 ME) AME WA &
8ot SNOTATRIAUNRIEETDHE L 6)
TR & E BE SRR D, AoREEAD
NADOZAL bFEE, Mih, SILBREEE S FES
BEMDH 5 EEEIADESEE, TNOHDH
R3S 4 7 25 A VB ISR LTy )]
TEELGREERILTWE LD EERTX 3,

AR SN LI FE i, B EFFEEE
(—MF7EB)  THEERENREEEFL I
Quality of Life icKkIF I HBICRET 2 AREE
FHIZE), HEMEREEHAE HHERER 8)
FOREGHEBOERNEIT & B ICET 50
%, RUOBAHEREE (DA—KRFHICET
LEFHIRT ), OEBBAEETIT- 70

2 & X M 9

1) R.Tice and A.Hollaender, B, Lambert
and K. Morimoto (1984) Sister Chroma-
tid Exchanges, Plenum Press, New York,

2) R.Tice and K. Morimoto (1984) A revi- 10)
ew of the international symposium on
sister chromatid exchanges : Twenty-
five years of experimental research,
Environ, Mutagenesis 6 : 737 —752.

3) Morimoto, K., and S, Wolff (1980) Cell 11)
cycle kinetics in human lymphocyte
cultures, Nature 288 : 604 —606.

4) Morimoto, K., et al, (1983) Proliferative
kinetics of human lymphocytes in cul-
ture measured by autoradiography and 12)
sister chromatid differential staining,

Exp. Cell Res. 145 : 349—356.

5) Morimoto, K, (1984) Proliferative kine-
tics and chemical-induced sister chro-
matid exchanges in human lymphocyte 13)
cultures, In : R, Tice and A, Hollaender
(eds, ), B. Lambert and K. Morimoto

(assoc. eds, ) Sister Chromatid Exch-

— 34 —

Environ, Res, 32 : 72—79.

orimoto, K., and A. Koizumi (1981)
;;ﬂnhibition of repair of radiation-induced
_chromosome breaks : Effects of chro-
um trioxide on cultured human lym-
stes. Ind. Health 19 : 259—262.
imoto, K., et al. (1982) Selenite pre-
the inductioh of sister-chromatid

anges, Plenum Press, New York, pp. 677
—693.

Morimoto, K. , er al, (1984) Rapid estim-
ation of teh duration of y-ray-induced
proliferation delay in human lymphcye-
tes. Radioisotopes 33 : 21 —25.

Morimoto, K., et al, (1985) Sister-chrom

atid exchanges and cell-cycle knetics

in human lymphocyte cultures exposed nges by methyl mercury and mer-
chloride in human whole - blood
es. Mutation Res, 102 : 183—192.

K_,and K. Morimoto (1983) Pro-

kinetics and mitomycin C-in-

to alkylating mutagens: Apparent defo-
rmity in dose response relationships,
Mutation Res, 152 : 187—196.

lijima, K., and K, Morimoto (1986) Cell-

stage dependence of mutagen-induced romosome damage in Fanconi’s

lymphocytes. Human  Genet,

sister-chromatid exchanges in human A
lymphocyte cultures, Mutation Res, § Bl9—23.

164 : 121—129. o, K., etal. (1984) Human health
Miura, K., and K. Morimoto (1986) Effec- and chromosome alterations :

ts of temperature on chemically induced ‘omatid exchange frequency

sister-chromatid exchange in human tes from passive smokers

lymphocytes, Mutation Res, 174 : 15—20.
Morimoto, K., and S, Wolff (1980) In-

crease of sister chromatid exchanges

ts with hereditary diseases,
and A, Hollaender (eds, ), B.
rt and K. Morimoto (assoc, eds, )

and perturbations of cell division kinetics & ,V -
in human lymphocytes by benzene 3
metabolites, Cancer Res, 40 : 1189—1193.

Morimoto, K, (1983) Induction of sister
chromatid exchanges and cell division
delays in human lymphocytes by mi-
crosomal activartion of benzene, Cancer
Res. 43 : 1330—1334.

Morimoto, K, et al, (1983) Induction of
sister-chromatid exchanges in human
lymphocytes by microsomal activation
of benzene metabolites, Mutation Res,
119 : 355—360.

Morimoto, K., and A.Koizumi (1983)

Trihalomethanes induce sister chromatid
exchanges in human lymphocytes in

vitro and mouse bone marrow cells in

18)

19)

20)

21)

Sister Chromatid Exchanges, Plenum
Press, New York, pp. 801—811.
Morimoto, K., et al. (1894) Proliferative
kinetics and chromosome damage in
trisomy 21 lymphocyte cultures exposed
to y-rays and bleomycin, Cancer Res,
44 : 1499 —1504.

lijama, K., and K. Morimoto (1984) Bleo-
mycin-induced chromosomal aberrati-
ons and sister chromatid exchanges in
Down lymphocyte cultures, Human
Genet, 66 : 57—61.

Morimoto, K., et al. (1986) Genotoxicity
of diesel exhaust emissions in a battery
of in-vitro short-term and in-vivo bio-
assays, In : N, Ishinishi et al, (eds. ) Car-
cinogenic and Mutagenic Effects of
Diesel Engine Exhaust, Elsevier, Am-
sterdam, pp. 85— 101.

Morimoto, K., et al. (1986) Adaptation-
like response to the chemical induction
of sister chromatid cxchanged in human

lymphocytes, Human Genet, 73 : 81 —85.



.

BRI . 3752 (.1987)
BI5EARTFRHER

Short-Term Mutagenicity Testing

——Expectations and Frustrations

Claes Ramel

Institute of Genetic and Cellular Toxicology

Wallenberg Laboratory, University of Stockholm

Stockholm, Sweden

The concept of evolution and species forma-
tion has largely been founded on rare muta-
tional events in combination with selection
forces causing a gradual shift in gene
frequencies. The mutations usually consi-
dered in this and many other biological con-
texts include point mutations, chromosomal
aberrations and numerical deviations of
chromosomes that is, “conventional” muta-
tions. However the development of molecular
genetics during the last decade casts some
doubts whether this picture of evolutionary
processes is suficient. The recognition of
various non coding DNA sequences and
“parasitic” DNA, as well as a high degree of
instability of certain sequences of DNA point
to more dynamic properties of the genetic
material than previously visualized. These
properties also apply to tissues and cells dur-
ing the process of tumour formation. The
genetic alterations encountered in carcino-
genicity indicate a genetic instability and a
cascade of effects. Changes at the DNA level
do not only comprise “conventional” point mu-
tations and chromosomal aberrations but also
other alterations such as gene amplification,
transposition, genetic recombination and DNA
methylation. Standard short-term assays are

not adapted to pick up this kind of genetic
changes. Other problems in short-term test-
ing for carcinogenicity concern the joint action
of different endpoints in multistage carcino-
genicity and synergistic effects involving for
instance free radical formation and effects on
the protection mechanisms against radicals.
It is emphasized that future testing strategies
have to take these facts into consideration,
but also that the accumulated experience from
short-term testing has to be used more effi-

ciently by means of computer systems.

Introduction

The use of short term mutagenicity assays to
detect carcinogenic chemicals is based on the
correlation between mutagenicity and car-
cinogenicity. That there is a connection be-
tween cancer and somatic mutations has been
suspected since several decades ago and
gradually stronger and stronger support for
that notion has been acquired through the
years. It is, however, not until the last few
years that a causal correlation between
carcinogenicity and mutagenicity has been dem-
onstrated primarily through the analyses of
viral and cellular oncogenes. Although the
theoretical foundation for the use of short-

term mutagenicity tests should have been




strengthened by these results, the actual situa-

tion is by no means that simple. It is some-
what of a paradox that the application and
interpretation of short-term mutagenicity tests
in fact seem to be more confused than ever
in spite of the overwhelming demonstrations

that definable

events in tumour development.

mutations constitute critical
Ten years
ago studies of carcinogenic chemicals with
Ames test showed a remarkable correlation
between mutagenicity and carcinogenicity and
they fed the hope that carcinogenic chemicals
in the environment could be identified and
even quantitatively evaluated by simple in
witro bacterial tests. Extending the data base
to various groups of chemicals evidently has
changed the picture and we now know that
both false negative and false positive results
are produced in bacterial and other short-
term tests by certain categories of chemicals.
This has been by Shelby and
Stasiewicz (1984) and Zeiger and Tennant

shown

(1986) using recent data sets from animal
cancer tests, comprising more random selec-
tion of chemicals than in many previous in-
vestigations. Presumably the selection of test
chemicals in the beginning of the use of
short-term tests was directed towards agents
with the most clear cut and obvious carcino-
genic effects and with a pronounced ability to
perform all the steps necessary to transfer
normal cells to tumour cells, that is to func-
tion as complete carcinogens. However,
considering the complex sequence of events
leading to tumouts it is hardly unexpected
that carcinogenic chemicals may act at other
levels than mutations and also the reverse
that mutagenic effects in short-term tests do
not always reflect what happens in wivo dur-

ing carcinogenesis.

But also at the genetic level the question is
to what extent the standard short-term assays
can reflect what actually occurs during cancer
induction and tumour development. [ will
briefly express some concern in that respect.
But I will start by giving some very general

background of the problem.

Current concept of speciation and evolution

Up to about 1970 the conception of the
biological world centered around the stability
of the genetic material. The stability of DNA
was the consequence of the semiconservative
replication. The necessary instability of the
system was provided By mutations as rare
stochastic events and by recombination,
through which the existing genetic variability
was reshuffled between the generations. This
emphasis on the genetic stability has also
become the foundation for our present concept
of evolution as a slow and gradual process
with a high stability of species and popula-
tions. The basis for the.concept of evolution
in population biology has been the Hardy-
Weinberg’s law, which describes the frequen-
cy of different genotypes in a population. A
deviation from the expected frequencies in-
dicates the selection against some phenotype.

In the extension of the Hardy-Weinberg law
is the concept of species formation. The pro-
cess of speciation in animals and plants has
been dealt with by a long series of outstand-
ing biologists and geneticists. Fisher (1930),
Haldane (1932) and Huxley (1943) provided
the theoretical groundwork and their ideas
lead to syntheses of speciation processes, from
a genetic point of view by Dobshansky
(1937), in animals by Mayr (1942), in plants
by Stebbins (1950) and in paleantology by
(1944).

Simpson They all came to the

conclusion that the formation of new species

requires a first step, the formation of isolated

populations. In these isolated populations the
genetic selection and adaptation will cause a
gradual genetic separation over subspecies to

new species. The normal way for a separa-

tion of populations and speciation is through
geographical barriers —a so called allopatric

speciation.
speciation within the same geographic ares,

The opposite possibility of a

sympatric speciation, has been considered at
most as rare exceptions for instance through
the formation of polyploids in plants.

—

The fundament of evolution as the result of
these kinds of conventional and rare muta-
tions is reflected in all kinds of biological
connections. In fact it is also evident in our
interpretation of carcinogenicity and our use
‘of short-term assays. We base the testing
‘procedure on what we could call conventional
‘mutations that is point mutations (base sub-
‘stitutions, shifts),
(translocations,

‘numerical chromosome changes.

chromosome aberrations

inversions, deletions) and
"All these mutagenic changes have empirically
‘well defined frequencies — apart from occa-
sional hot and cold spots.
circumstances they all are rare events both
spontaneously and induced.

Dinm

Under normal

New trends in the concept of evolution

The general picture of evolution, which has
emerged since the 1930ies and 1940ies is thus
based on the occurrence of rare mutations
and a gradual change in gene frequencies by
means of appropriate selection forces. In the
light of recent development in molecular
genetics it is however quite doubtful whether

this concept of evolution gives the entire

truth and to what extent it reflects what
happens at the level of somatic tissues as
well, which is of more immediate interest in
the present context. I will elaborate some-

what on that theme.

I should emphasize that the present concept
of speciation has been preceded by many
controversial  discussions. For instance
Goldschmidt (1940) in United States maintain-
ed at an early stage that a new species can
be formed in one step through drastic muta-
tions, acting early in the development of the
organism. One obvious problem with that
idea was the fact that the chance for two
such mutations to occur at the same time in
order to be propagated was minimal and
Goldschmidt’s idea was more or less shelfed
as the hypothesis of “lonely monsters”. At a
more subtle level the concept of random es-
tablishment of mutations through genetic drift
in small populations and the importance of
this in evolution (the “Sewall Wright effect”)
was worked out by Sewall Wright (1931) in
the United States. These ideas were vig-
orously opposed by R.A. Fisher and E.B.
Ford in England, who maintained that genetic
selection is far too strong to a allow any
genetic drift to have any real importance in
evolution. These controversial issues have
again received a considerable current interest
as a consequence of new findings in genetics
and molecular biology and in particular the

instability of DNA.

Instability of DNA

As 1 mentioned, up to around 1970 the
genetic research had largely focused on the
stability of the genetic material. At that time

the interest was rather dramatically shifted to




the instability of the genetic material

instead. The reason for that was the fact

that many new discoveries indicated that
DNA in fact was far more instable than one
had thought.

Crick’s (Crick 1958) that
DNA was the obligatory origin of the genetic
Through

reverse transcriptase RNA could be transcrib-

“central dogma”

information turned out to be wrong.

ed into DNA. To begin with that system
was only found in prokaryotes, but today it
seems clear that reverse transcriptase occurs
throughout the organism world. Another
crucial discovery was the restriction enzymes,
which cut up DNA at specific sites. Finally
the system of transpositions and insertions of
DNA element within species and perhaps to
some extent also between species has been
found in all kinds of organisms.

The of DNA has been

indicated by various observations, which have

dynamic nature
lead to interesting questions, for instance :
Why have amphibians such as salamanders 20
times more DNA than man ?

Why are large pieces of mRNA spliced away
without any use ?

Why does Man have hundreds of thousands of
copies of the Alu DNA sequences ?

In the last few years the instability of DNA
has been brought up by Crick and others
They

have suggested that natural selection does not

from an evolutionaly point of view.

only operate between populations, species and
individuals, but also within the microcosm of
the cell. Some DNA sequences replicate out
of step and they get a selective advantage

until the cell suffers from an addition of use-

DNA then selection stops the

development.

less and

It seems that more and more
evidence suggest that middle repetitive DNA
This kind of DNA se-
quences have been named “Junk-DNA” or
“Parasite-DNA”.

junk or parasite DNA it has been argued that

behaves like this.

Against this concept of
these processes cost energy without any im-
mediate profit. But as Jain in England has
put it “Energy consumption has never been a

big problem in evolution”.

Now after this long introduction — what has
all this to do with mutagenicity testing? I
think there are many indications that genetic
changes involved in carcinogenicity do not
always fit the ordinary and traditional muta-
tions that we are dealing with in mutational

testing.

Activation of oncogenes

During the last few years our knowledge of
the sequence of events leading to cancer has
gone through a dramatic development.
Specific viral and cellular oncogenes, which
are involved in the transformation of normal
cells to malignant cells have been recognized.
This has opened up an entirely new approach
to the study of the mechanism of tumour
formation. It has been possible to link the
formation of tumours to specific mutagenic
events in oncogenes. The study of the gene
products of oncogenes have revealed connec-
tions with growth factors or their receptors
vand they have also indicated their mode of
specific

action through kinase activity and

amino acid phosphorylations.
The activation of oncogenes therefore con-

stitutes somewhat of a key issue in the

discussions of the relationships between can-

cer and mutations.
to dig into the complicated and fascinating

I will not have any time

story of oncogene activation, but I would like
to focus the attention to some points of
special relevance.

T

The mutagenic changes of oncogenes, which
are involved in cancer induction have been
shown to occur spontaneously, by viral in-

sertion mechanism and by chemical and physi-

cal mutagens.

oncogene activation
changes. One mechanism implies an altered

gene product as illustrated by point mutations

There are two mechanisms for

through mutational

in the ras oncogenes. The other mechanism
implies a change of transcription and expres-
@xd.mmnes, as exemplifies by the myc
oncogenes. The ras and the myc oncogenes
evidently fulfil different
morigenesis.
terized as a transforming oncogene providing

functions in tu-

Activated ras can be charac-

an altered growth control and myc as an im-
mortalizing oncogene
propagation of the cells. Each of the ras and
myc oncogenes are insufficient to transform
normal diploid cells, but it has been shown
by Weinbergs' group (Land ez al. 1983) that
the combination of activated ras

causing a continuous

and myc
gives rise to transformation of primary cell
cultures in transfection assays. Dealing with
transformation of diploid cells the ras function
could be substituted by chemical carcinogen
treatment (Newbold and Overell 1983) and
the myc function by large T antigen from
DNA virus (Ruley 1983).

R+ TS

The activation of oncogenes involves puzzling
specificities. This is particularly evident with
the ras oncogenes. It has been estimated that

between 10 and 30 per cent of human
tumours contain mutations in one of the ras—
1985).

change in the protein p21 through base sub-

genes (Bos et al. They all imply a

stitutions in one of three amino acids, no 12,
18, or 61.

in amino acids 59 and 63 also cause trans-

In in witro experiments mutations

formation (Fasano et al. 1984). These muta-
in normal
Zarble et al. (1985) reported that in

36 of 48 mammary tumours induced by MNU

tions have never been observed

tissues.

(N-methyl-N-nitrosourea) the same base sub-
stitution of G to A in codon 12 of Ha-ras
was found. Bos et al. (1985) have presented
another interesting example of specificity of
the ras oncogenes. Five out of six myeloid

leukaemic tumours in humans had a N-ras

oncogene, which had a base substitution in
codon 13 resulting in a change from glycine to
either valine or aspartic acid.

specificity in

Another remarkable case of

oncogene activation has been provided by
Guerrera et al. (1984a and b). They showed
that in mouse lymphomas induced by MNU
and 600 rad of gamma radiation different ras
oncogenes were activated by the two treat-
ments. MNU caused activation of N-ras and
the radiation activation of Ki-ras. In three

independent tumours induced by gamma
radiation all had a base substitution from G
to A

up the problem of mutation frequency of

in codon 12. This observation brings

genes involved in carcinogenesis.  Trans-

formation to neoplastic cells seems to require

at least two mutagenic events. With a does
of 600 rad a specific base substitution is sta-
tistically possible among the 10-10® lym-

phocytes available in a mouse, but there is

hardly any reasonable statistical chance for a




simultaneous induction of another mutation in
the same cell. It can of course not be ruled
out that the base substitutions of codon 12,
which were observed in fact were preexisting
mutations and the treatment caused another
genetic lesion providing the immortalization
step. However, the spontaneous frequency of
cells with such an activated ras oncogene
seems at least to be very small and can not
easily account for a second induced mutation
in the same cell in order to induce tumours.
It seems that either activation of one
oncogene in fact is sufficient to induce lym-
phomas or else we are not dealing with
ordinary mutation frequencies and processes.
I think that the induction of tumours by two
or even more mutagenic events will meet

statistical difficulties in many other cases.

Genetic alterations at later stages of
tumorigenicity

The development of tumours is a multistep
process and the relationship between mutagen-
icity and carcinogenicity is complicated by the
fact that alterations of the genetic material
during tumour formation is probably not re-
stricted to the initiation step of cancer. In
most cases it can be assumed that activated
oncogenes act at an early stage of tumour de-

velopment corresponding to initiation and this

is also supported by experimental evidence.

The role of oncogene activation at the initia-
tion step in combination with promotion has
been studied in two step mouse skin
carcinogenicity by Balmain’s group. Activated
ras was introduced into the skin cells either
by treatment with chemical mutagen (DMBA)
or by exposure to retrovirus containing v-—
ras. Both treatments in combination with the

promoting agent TPA gave rise to papillomas

and carcinomas (Quintanilla ez al. 1986, Brown us, which is involved in certain types of

et al. 1986). However, there are also indica- wumours such as retinoblastoma, which can be

tions that oncogene activation occurs at later ht about by chromosome loss, deletions,

stages. For instance Albino et al. (1984) nondisjunction, mitotic recombination, gene

have showed that only one of five melanoma conversion or inactivation through transloca-

cell lines from independent metastatic foci in tion to an inactive X-chromosome (Murphree

one patient contained an activated ras

and Benedict 1984). Yuasa et al. (1986)

oncogene. have presented some interesting observations

on colon carcinoma which may be of rele-

In contrast to initiation, promotion usually is vance in this connection. They found that

thought of as an epigenetic event. However the tumour had an activated ras oncogene,

the work by Cerutti (Cerutti 1985) suggests but beside that a homozygous mutation in an-

that promoters also can act at the other oncogene, myb. The normal tissue was

chromosome and DNA level by inducing heterozygous for the myb mutation and pre-
oxidative burst through lipid peroxidation. sumably the induction of the tumour was

Oxygen radicals are generated and a caused by ras mutation and some process,

clastogenic factor is formed, which causes probably a recombination event, which made

chromosome aberrations. It has furthermore
been shown by Hennings et al.(1983). That

conversion of benign papillomas to malignant

myb homozygous. One of the interesting con-
clusions, which can be drawn from that ex-
periment is the fact that mechanisms to make
carcinomas, which is a late event, is increas- m homozygous, particularly recombination
ed by mutagens but not by promoters. and gene conversion may play a much more
ﬁ’b‘i‘tant role in carcinogenesis than we have
thought. The findings by Kinsella and
Radman (1978) and Fahrig (1984) of a
correlation between somatic recombination and
promotion points in the same direction. This

is a parameter, which therefore has to be

Also progression of tumours involves various
chromosomal and ploidy changes, which prob-
ably are important for the development of
malignancy.

It appears as if the development of tumours taken into consideration in short-term test-
involves a series of mutational changes, which ing. In general, it can be concluded at this
may point to some kind of a cascade effect, “e that no genetic alterations can be con-
which is triggered by an initial mutation, sidered irrelevant in carcinogenesis, which of
which controls further genetic alterations. course has to be taken into account in short—
term testing for carcinogenicity.

We

“Unconventional” genetic alterations

Concerning the actual mutations involved in
carcinogenesis, oncogene activation has been
connected with a wide spectrum of mutational
changes — base substitutions, translocations, This large variation of mutations, which can
be involved in carcinogenicity of course

4

makes the mutagenicity testing procedure

deletion, insertions of viral DNA and gene
amplifications. We can add to that the

mechanism of making recessive genes homo- difficult as no one assay system can pick up

this whole spectrum of mutations. But the
mutations that one usually considers in short—
term testing are anyway of more or less con-
ventional types with reasonably predictable
frequencies. We therefore have some idea of
how to deal with them experimentally and
that is what we try to do in our mutagenicity
assay systems. But every now and then you
come across both carcinogenic and other
biological processes, which deviate from the
standard pattern of mutations, particularly re-
sulting in peculiar mutation frequencies. I
have already mentioned the suspiciously high
specificity and rate of oncogene mutations that
one can anticipate in some experiments,
which points to some kind of instability of

the genetic material.

1. Immunoglobulin genes and poly ADP-
ribosylation. A well know example of a
natural but remarkable instability of DNA are
immunoglobulin genes, where the DNA goes
through spontaneous rearrangements to pro-
vide the necessary variability of the immune
system. The immunoglobulin  system is
involved in the activation of some oncogenes,
particularly the myc oncogenes in cancers of
the blood. The expression of myc is altered
in these tumours through translocations to im-
munoglobulin genes. Tsujimoto et al. (1985)
have indicated that a translocation in B-lym-
phocytes was brought about by a mistake in
the rejoining of DNA in one immunoglobulin
gene, so segments from different chromosomes
were put together. The frequent involvment
of immunoglobulin genes in translocations pre-

sumably is not by chance.

There is an interesting parallell between the

formation of antibodies through immuno-




globulin genes and differentiation. Data indi-
cate that both are dependent on poly ADP-
1982),

that

ribosylation (Johnstone and Williams

which may lead to the speculation

differentiation also involves rearrangements of
DNA.

ribosylation has been reported to also inhibit

Furthermore inhibitors of poly ADP-

neoplastic  transformation —in  contrast to
mutations, which tend to be increased by the
ADP-ribosylation

This

same inhibitors of poly
(Kun et al. 1983, Borek et al. 1984).

transformation is a

suggests that neoplastic

process separate from ordinary mutations.
\ This would explain the extremely high trans-

‘ formation frequencies sometimes reported,

which do not seem to fit any mutation fre-
quency. It might also explain the fact that
human and rodent cells have fairly similar

mutation rates, but only rodent cells exhibit

any spontaneous neoplastic transformation,
‘ never human cells.
‘ \
! 2. Methylation. Much data indicate that

methylation of cytosine residues in DNA is

involved in expression of genes and in differ-
I entiation.  Differentiated and non dividing
cells thus have a lower methylation of cytosin
than dividing cells. It has also been shown
that transformed cells are hypomethylated.
of differ-

entiation, which implies that cell divisions are

Holliday has presented a model

“counted” by methylation of cytosine in

repeated sequences of DNA (Holliday and
Pugh 1975).
cancer induction (Holliday 1979), suggesting

He has extended this model to

that cancer is induced through loss of

methylation of cytosine in DNA. Holliday has
also maintained that this methylation may be

crucial in ageing and he has worked out a
(Holliday 1985).

tentative model for that

Detail-

ed analyses of some genes in Drosophila have

These changes of DNA are not comparable to full significance is still far from clear.

ordinary mutations, and Holliday has sug-

gested a special name for them — epimuta- suggested that half of spontaneous mutations

tions. are not conventional mutations but due to in-

sertion of DNA pieces. Curiously enough the

3. Transpositions. [ think it is important to first mutation described eighty years ago by

realize that the formation of cancer very often Morgan in Drosophila, white eyes, has turned

series of different genetic alt- out not to be a mutation but an insertion of
4

implies a
such a sequence. Several virus like insertion
sequences have been recognized — the best
?udied is copia. These insertion DNA

Rjeoes can be responsible for the transposi-

erations. It looks as if a sudden general
genetic instability was introduced and caused

a self generating sequence of mutational

events.

ﬁns of larger segments of DNA. This was
Such cascades of genetic alterations may lead > case for a transposing segment, which
m found by Dr. Gunnar Ising in Lund and
Welf twenty years ago, the so called
transposing element, TE (reviewed by Ising
Ramel 1976).

at least two

the thought to the work by McClintock on

maize. She maintained already 40 years ago

that a genetic instability could be created by
what she called genomic stress (for a review It is a large segment com-
see McClintock 1984).

tions have been observed

Similar stress reac- genes in the X

in other organ- mosome, white and the neighboring gene

isms. Cullin observed for instance a large roughest. Ising has collected about 200 sites
genetic variation in the offspring through all o er the genome where this transposing
stress situations in the plant Flax (Marx ent has landed. It can take another gene
1984). McClintock’s observation of genetic h it when it jumps and thus transfer it to

the: place in the genome. Walter Gehring
Workers (Gehring and Paro 1980, Paro

1983) has made a series of interesting

instability induced by stress was particularly
manifested by her remarkable recognition of

transpositions or jumping genes almost 40

years ago. of this transposing element and they

. Vound that it is coupled to copia. In the

I remember that Hermann Muller, when he Sent connection it is of interest that we

visited our laboratory 1956, said he really did * not been able to increase the transposi-

not understand what McClintock’s reports on of this element with any mutagens or

ogens. The only slight indication of an

jumping genes was all about, but he added
that he would not have bothered about it, if of transpositions we got recently
it had been somebody else than McClintock
If McClintock had ob-
served these strange jumping genes it must

indeed it

with 3-aminobenzamide, which is an in-
~of poly ADP-ribosylation (Magnusson
'm unpublished).

who had reported it.

be correct —and was correct.

widespread phenomena ticularly dramatic finding concerning

0sitions in higher organisms is the p-

Transpositions are

probably occurring in all organisms, but the

factor in Drosophila, which was analyzed by
Rubin
(Spradling

United States
1982, Rubin and

In short this factor occurs

and Spradling in
and Rubin
Spradling 1982).
in certain  strains of Drosophila  and
presumably codes for a transposing enzyme,
transposase. It can cause extremely high
Around 509 muta-

tions of the gene singed has been recorded.

frequencies of mutation.

The p-factor can be used experimentally to
insert any DNA sequence in the germ line of
Drosophila. It seems to

cause a fairly

random insertion in the genome. Up to re-
cently the p-factor only acted on germ line
Rubin has,

however, recently found that the elimination

cells—never on somatic cells.

of an introne in the p-factor makes it work
also in somatic cells (Laski er al. 1986, Rio
et al. 1986). To my knowledge nobody had
reported any attempts to use this newly con-
structed p-factor for somatic cells in other
organisms than Drosophila. The exposure of
organisms to foreign nucleic acids can lead to
high

genes.

mutation  frequencies in
This found by
Gershenson (1986) in U.S.S.R. He injected

various DNA and RNA viruses in Drosophila

extremely

specific was

and recorded an increase in re-
Thus

DNA from a virus in crane flies, Tipula,

extreme

cessive lethal mutations in some loci.

caused an increase of mutations 10,000 times
over the spontaneous rate. What all this may
imply from other viewpoints such as cancer
induction is of course too early to say.

4. Amplifications. The significance of trans-

positions and insertion elements in carcino-

genicity is so far not known. However, it is
not too daring to speculate that they probably

are of importance. There is a connection be-




tween transpositions and another genetic phe-
nomenon very much involved in at least onco-
gene activation and that is amplification of
DNA. Anmplification is one widespread cause
of increased expression of oncogenes and it
particularly is connected with activation of the
group of oncogenes to which the myc genes
belongs. However, it is very possible that
amplification is a manifestation of a dynamic
equilibrium of DNA. Amplification would be
a much more efficient way to meet the im-
mediate need of a high expression of certain
genes than through “ordinary” mutations. It
has been known since a long time that certain
cytostatic  drug
of DNA,
observed as homogenously stained regions or
DNA episome-like double

review see Hamlin et al.

drugs, such as  the

metothrexate, cause amplifications
as free pieces,
minutes (for a
1984).
or Cd
gene for metallothionein (for a review see
1986).
known fact that the heterochromatic genes for
r-RNA go

Repeated gene sequencies seem to be

The exposure to metals such as Hg
likewise causes amplification of the
is a well

Hamer In Drosophila it

through spontaneous amplifica-
tions.
involved in the regulation of gene expression
in many cases. Flavell has stated that: “The
combination of repeated sequences and all of
the enzymes capable of responding to them
Wahl
the course of
They used the

resistance to the drug PALA, which requires

are biological dynamite” (Marx 1984).
(1984) have studied

amplifications in cell cultures.

et al.

the amplification of the gene CAD, which is
involved in the uridine biosynthesis. They
transfacted CAD into CHO cells, which are
deficient for CAD. The CAD was

porated in different places of the genome.

incor-

They then selected for resistance to PALA

_46_.

CAD went

amplification but there was a large variation

and found that the through

between different transfectants, apparently de-
pendend on the chromatin structure, where

the CAD sequence had been incorporated. In

some cases there was an amplification in situ
but in other cases the gene was amplified by
transpositions to other places.

5. Polygenes. It is tempting to speculate
that amplifications may be involved in some
genetic alterations, which are not in accord-
ance with usual mutation frequencies such as
activation of some oncogenes. Perhaps this
may also be the case with mutations in po-
lygenes. Polygenic inheritance is responsible
for quantitative characters such as viability,
life length, fecundity, developmental time and
probably also traits like intelligence and reac-
tion speed that is, properties, which are of
in our lives. Such po-

central importance

lygene mutations may in fact be far more
important than mutations in the major genes,
which we devote all our short-term testing to
(Ramel 1983).

study mutations

Few organisms are suitable to
in quantitative characters.
Drosophila is one such organism and it has
been found both by Mukai
Mukai 1979) and by Crow in United States
(see Simmons and Crow 1977) that polygenes
which
They

have about 25 times higher spontaneous muta-

in Japan (see

do exhibit rather specific properties,
separate them from ordinary genes.
tion frequency than major genes, they often
exhibit

and they seem to have other unusual relations

an overdominance as heterozygotes

between expressions in homozygous and het-

erozygous form.

There are some interesting observations on
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induction through mutations in the

cancer
germ line, which may be related to polygenic
I am thinking particularly of Dr.
Nomura's work. He reported 1982 and 1986

from large scale experiments that treatment of

mutations.

male mice with X rays and urethane gave an
increased cancer incidence in the F, and F;
offspring of such a high frequency that it can
only be explained by one of three possibil-
ities : a very large number of genetic sites
being involved, a remarkably high mutation
frequency or a mechanism other than conven-
tional major mutations. It
compare this data with polygene mutations in
Drosophila.
are involved

is tempting to

If such polygenic systems in fact
in carcinogenesis our present
!;‘nery of short-term test systems are not

suitable to detect them.

Radical generation and synergistic effects
The most fatal carcinogen in our environment

may well be oxygen.

All aerobic organisms

‘are exposed to reactive oxygen radicals and

nature has developed a number of protection
Bechanisms against this. There is, however,
Mays the risk that a depletion of such
mhanisms may occur and that the protection
Wes insufficient. I
example of this. Dr. Agneta Rannug at our
mttory was investigating the mutagenicity
in Salmonella of chemicals used in the rubber
“ustry. One of the

turned out to be tetramethylthiuram disulfide
‘BCTD) Two observations were of interest
Mﬂt connection. TMTD does not bind to
mA and the mutagenicity turned out to be
‘bendent on the oxygen pressure.
mD and similar compounds have a chelat-
ing Property and apparently
Particularly superoxide dismutase, which is

may mention one

more potent ones

Now

inactivates

one of the most important protective agents
Evidently TMTD
acts in an indirect way by interfering with
This
the fact that

against oxygen damage.
the protection against oxygen radicals.
hypothesis was supported by
TMTD showed a strong synergistic effect in
Salmonella with menadion, which is a radical
generating compound (Rannug and Rannug
1984).
also indicated a similar synergistic effect of
TMTD.

Later on in vivo tests on Drosophila

Another indirect mutagenic effect involving
oxygen radicals may occur with chemicals,
which cause a proliferation of peroxisomes
(for a review see Reddy and Lalwai 1983).
These chemicals are notoriously negative in
short-term tests but some may cause up to
100% liver cancer in experimental animals.
Peroxisomes are organelles involved in lipid
metabolism and they are induced to prolif-
erate by certain chemicals, such as di-(2-
ethylhexyl)phtalate and corﬁpounds used as
hypolipidemic drugs, for instance clofibrate.
This proliferation causes lipid peroxidation
and the generation of radicals in liver cells
and it is possible that the carcinogenic effect

is connected with that.

The occurrence of indirect effects and com-
bined effects like the examples with radical
generating systems, implies a crucial problem
in testing for mutagenicity and carcinogenici-
ty. An obvious illustration of these problems
refers to the fact tumour formation implies
several steps and in many cases a combina-
tion of initiating and promoting agents is re-
quired to elicit a carcinogenic response. But
there are also other examples of combined

effects not easily foreseen and detected in




routin  screening for  mutagenicity  and

carcinogenicity. This applies for instance to
the combined effects of virus and chemicals
as mentioned. Another area, which may be
of importance in that respect is the conse-
quence of an imbalance of the nucleotide
pool. Dr. Dag Jenssen at our laboratory
studied the effect of hydroxyurea on mutations
in the HPRT locus in V79 hamster cells
(Jenssen 1986).

hibitor of the ribonucleotide reductase and

Hydroxyurea acts as an in-

causes an imbalance of the nucleotide pool.
There was a pronounced synergistic effect
with mutagenic agents and posttreatment with
hydroxyurea. The imbalance of the
nucleotide pool evidently causes an error in
the incorporation of bases at DNA repair. A
similar increase of mutations as with
hydroxyurea was also obtained by cotreatment
This kind of induced imbal-

ance- of the nucleotide pool may in fact be

with thymidine.

used in order to increase the sensitivity of

mutagenicity tests with cell cultures.

Concluding remarks
In conclusion 1 would like to stress the fol-
lowing points :

1. Mutational changes are critical events
in carcinogenicity.

2. All chemicals increasing cancer inci-
dence do not necessarily have to act by
means of genetic mechanisms, which
can explain some discrepancies between
mutagenicity and carcinogenicity data.

3. Although oncogene activations occur by
definable mutagenic events, the process
of tumour formation seems to involve a
series of mutational changes, the

background of which is not clear. A

cascade of effects may be triggered by

an induced instability of the genome,

related to genomic stress as described
by McClintock.

4. DNA changes involved in carcinogenici-
ty may not only comprise point muta-
tions, chromosomal aberrations and nu-
merical chromosomal changes, but also
other genetic alterations and interac-

tions, not easily detected in short-term

tests :

a) Recombinogenic events.

b) Secondary effects of spontaneous

DNA rearrangements in immuno-

globulin and possibly also other

genes during differentiation.

¢) DNA methylation.

d) Transpositions.

e) Amplifications.

f) Polygene mutations.

g) Radical g'eneration and depletion of
antioxidants.

h) Combined effects of initiating and
promoting agents.

i) Combined effects of chemicals and
virus.

The solution of the present tendency of

frustration in prediction of carcinogenic prop-

erties of chemicals is in my opinion by no
means to get away from short-term tests.

Instead we have to use the tools of modern

molecular biology and genetics to better un-

de;stand the process of cancer induction and
to use appropriate short-term tests in accord-
ance with these findings. It is also necessary
to make a better use of the enormous expe-
rience of testing by building up computerized
systems for prediction of carcinogenesis on
the basis of that sort of data. An excellent

example of that is provided by the two com-

puter programs developed by Rosenkranz and
Klopman in U.S.A., “Computer Automated
Structure Evaluation” (CASE) and “Carcino-
genicity Prediction and Battery Selection”
These

programs have already demonstrated their

(CPBS) (Rosenkranz et al. 1985).

efficiency in this connection.
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#2 MEREBWHERIO NS 7)Y ENTTOERFREZEEIC L2

MUTAGENICITY OF 44 ANTINEOPLASTICS

44

BACTERIA

DROSOPHILA

NAME

23

_I..

+

Carbazilquinone, cisplatin , nimustin, nitrogenmustard,

nitrogen mustard-N-oxide, triethylenemelamine

Busulfan , cyclophosphamide , improsulfan tosylate
melphalan , mitobronitol, thio-TEPA.

Adriamycin , bleomycin , daunomycin , Streptozotocin
neocarzinostatin, peplomycin  Mitomycin C

Cytosine  arabinoside , 6-mercaptopurine,
thlomosme) Pipobroman

Aclarubicin, actinomycin D, chromomycin Az
Carmofur, 5-fluorouracil, methotrexate, procarbazine

Tegafur
Demecolcin, vinblastine, vincristine

Ancitabine, 8-azaguanine, hydroxyurea

Dromostanolone propionate, fosfestrol, Mepitiostane

Aceglatone, 5-bromodeoxyuridine , Krestin,
Picibanil
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0 05 1 T '/' 5
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= g9 ==
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® % (mg/g) (mg/g) (ug/mi)
(~=DAKEy (ZVRADIF (HLEXRT
FFAL) %) DFAL)
Trp-P-1 0.20 0.25 0.036
Trp-P-2 0.18 0.19 0.014
1Q 0.11 0.30 0.0032
MelQ 0.06 KE 0.0097
MelQx 0.11 KE 0.029
Glu-P-1 0.26 0.45 0.7
Glu-P-2 0.29 0.39 0.75
AaC 0.31 0.59 4.7
MeAaC 0.31 0.56 71
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1 BRI &<, R TEM AT RELS 7o O EFE AL D pre-
EEEIEELTETTRDAR Y b T X M3, screening & L CHEHIN/cDWITH B, Ln
L. B.Russell & M. H. Major" i & - TEEIC L, HAMIZATYH, WELEERLTWVWARERE
195 ISR R I NI A EAZROBRERT, WEEWL, BAETIE BARBZRFE¥20
REHETIROFiEE LTRSS N bDTH S, MMS (Mammalian Mutagenicity Study
B, (LEMEORCEEESRIEREINSE, & Group) S4BLICBWTHERHRENITORTY
DT A, FMREAHAS in vivo T2y 2RO AL, METHRLTWAHER L, 22X
GEFERZREFRETEZLDEESNELY  504TH5, E@AFKIR I & GREH
feo (LFEVEORIEHEE EbAEMIICET) ARIEEEEL L, EEOWAZEELEDIIOHE
AERER) #RHETAWAEHYO in vivo RE  EEABML TIBEL D EBINL TV 5,
LT~ REFERBMEND 5 DAHIEN, EEHR
MK = < screening test & L TIFHEMNTIE 2 RE
B\, FOMA, ZFE v bF R MMIEEALERN ZRy bFA ML, E@W, BREEELT S

Table 1. Recessive genes in mouse strains used in the spot test

Strain
C57BL KYG PW T (PT) HT DBA NMRI PDB

lon-agouti a a a a a a a a
) b b b b
cch cch c
d d d d
p p P
(s) (s)
(se) (se)
pa
1n
pe
(fz)
(bp)

( ); not detectable as the spot
rosses used in the spot test; C5TBLxPW, KYGxPW, C57BLxT, TxHT
NMRIxDBA, NMRIxPDB

his table was modified one in reference No. 2.
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», EEICEL CHEOSEEFEREICHD
TRY =%, Table 1 ICHAEZRY h 57X
FMHELTEETEDNTWE Y ZDORKE Z
NoDOEERRIZFER LI, 2ITR, #rED
HfEFFETHEDOL TS PW & C57BL = %
DREZEFNTE > THEAL W PW =7 i3+
NPk > THLINIGERRDT XY —Tdh
%o PW OEHEICBIL Tid non-agouti (a, 2
&), brown (H, t8f), pink-eyed dilution
(p, HALER, #%®), chinchilla (cch, ¥ o
F7) LM dilute (d, k) O 550k
FENLMRET, X 51T short ear (se, 4
H) 28¥ b2, Z0»PWoERBEEIER
nH, BAE 7 TEBE LS, @, PW it
& C57TBL D= 7 2 B & & 5, C57BL i3,
Ef@IZEH L T non-agouti DAMNFKET, PW

TIGT 250 O 4 BIZTFREIIFERO B N2 X
THB0, OXREMSEBONEF, TR,
Fig 11T/R U7c & 5 IcE#:& = Fi12BI L T non-
agouti 72U MRET, i 4 DIZFFER L DA
TOEIEE, #-T, EROXRBEMIBHEEIELL
RENB, BFHICERBROEREZ3/-F .0
BRI BT, BEBROBEFOS biEg
BIEFICB U THARD S EUANDERERNE
Eahs s, ZRMEREGEROMIEEREREOE
WEBEDOFIZEBMEA]D recessive spot (RS)
ELTHEINSZLIC 3, RSIIZERL- &
EFickd, BE KEBIUHBREVWANS
DEMEEET 30, ZOEMEHI S VTIhORIET
KB BERTH 2N ENRINICHEST 3 2 &t
E[RETH 5,

MR (SRR, TSRS & bICREED S

Female, CS7BL Male, PW
a X a b peeh 4
a a b pcch g
ab ggCh d treatment with
a + ++ mutagen in utero
black coat

dark eyes

SMEg B, UWED &b, UEY FHETEELVD
TV B IEFERMIEA TR 8 ~128 DA
MR R AE#E DR U ISH SBERENCE - T migrate
T 5, REIICIE, BRICBOLTERRAL - BHEH
fantaRmEh % 2w L CEBEXET 5, L.B.
Russell? (3, #FHRE 6 ~12H DFSF % kg Tl
FELAERICEWT, RSOHBEEELAXXM
S Y ERMaA migrate LT AEHICH 72
BIHEGRIOBALICIRET T 2 ORI & W D kR

L7, £/, RSOGFRICHDIEEI SFHE
LT HERIOBDBFTREZAE Y b7 Z MzH
THER & 13 2 B RMKH150~200/8 3 5 & HEH| L
TW5,

ARy bF R MIBOWTRHEINE ZR Y D
FEfH & iK% Table 2 127k L7z RS ORKHE &
LTid, A lrckdic, EfRiEFIciEdT 28
HHROBIEFOBFERN S EHADERNE S
bFohs, COBE, FHBETFZOLOTE
{, $HEEHEROFEEITH > THRIEINE
b, F1z, BRI LD T T DAL DMING G
BERRELELIONS, o 3 H>OERERE
TEBLEVH DN, BEEMESE EBITEKTZ b
DR TH B, TOM, KEISGPBEMEREE NG
Bk 1 RKDEERE W BE, BEBMETIMEE
FEICHE| B8, (AAREE T I3RS IR S S EE TR
TRSZERTBEEZONTVWS, £/, il

fam AN -7 LThH, BETEIETTH
b, X5IT, EHBLUANDOERICET 3 BIETICHE
UERINFLINTH RS & LTHEXINETH
A9, L, BHINZRSHAZh S DEED
IBVFTNICERT 20 2R T A LIB3TER
PR

2Ry b7 R MTIRRS DiEmic, ERIOES
AL A HEA VB2 X 7L white midventral spot
(WMVS) LwbhTWa, Zhidkiiianzs
HTIRMEL, WMEBLUIACEYMEDOBEO 72 DITH
fasEtE C 0 ERMaN AR L THBET B £ X
LNTVW5, &7, EETHAEPHEHE LD
FEREREZELTVLEA, IhoDEEIcHE
CEOHBNROLNSE Db, bk
ERTIIL, LR H T misdifferentiation
spot (MDS) &FEEFHNTW 3,

3 EBRAHZE

F95725—D PW it & C57BL DA
I, BEHLRRICEROBRIN/IH2ER0 A
95, RO 8~11H, #HE I~10H ITKRiE%E
BHAICH 59 %, Screening & L TIREEFHH
ELY, ERUEAEREREDIDF HEEA
FTITFHALZD LISWEEAT, TX3E20AR%:
B57 5, BEZERIL REVLROHIRE FEF
ICELET B EEZLONBBEA L T 500 —HH

1 /N Table 2. Appearance of spots having various causes

genetic alteration in a pigment cell

AN

b cch

B Cause Spot location Color
Uncovering of recessive at marked loci (RS) Random Brown
Shades of

mutation of wild-type allele S o
deficiency involving wild-type allele ;sgtg gray
chromosomal loss (breakage or nondisjunction)

homozygosity through somatic recombination

d

= 4 ! Dominant mutation at other locus (RS) Random Various
a b a Aa A
3 . i i ffici totoxicit WMVS Midventral White
brown 1light gray to light gray blue Plg:e’f‘: sell insutficisney leytotswieity, : A S
i i Misdifferentiation ssociated wi gouti-
SiEea llght gray Whise e § non-black areas or vellowish

Spot color or mid-forehead

Fig. 1. The principle of the spot test

(modified the figure in reference No.4) This table was cited from reference No. 7.
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B3, TO%, ENE—ICEZRIDERI~14
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S, MDS BB 5, £/, AEERE B
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INLDBEEZOE L TRRHEL L, £hT
NOHBSEEZRD 5, REHIERICBRELC
F A% 1 B4 0 2008 kRIS 78 B & 5 I iEpRIE 2 4l
Z %, BikR5HOBFMEN200EET 5L 4
T OEHIMRL T screening Lo Z &I 5, L
ML, BEEMEOKIIH EFTHLRRLOT, O
DHRTREMBERRERDS I LETEREN,

4 HROKR

Table 1 iR LizkDic, AR bFRXPMT
BREICHWARKICE - T, ZFy MERICE
545 ®EFN3I~TERE, Lol, REBELL
FEOHBENSH B LI ITRIEFICHLEREZTS
WHDEZFIT VWHDAH DY, —BHEE
EFNEVIRERZUABVERBEALVLIT
b5, BEpicBLT, H)” i3, C5TBLXPW
& KYGXPW %% g L <, ENU st
L TIREZEDOANRBENTEZHENFG N LD
2y MERICEE T 2 BIEFARLTH->T
b, VWA ZORMICK O EREZHICEDD
5 EAEHE LTV A, MMS St kE
iz, C5TBL,/ 6 &0 C57BL, 10L& £ D
congenic line 3 ZifDfEE PWii<~ 2 & DR
fit < ENU (23 2 BRSEW 2 IR ZE A
S h -1z, ZOBESNIT — 7 ICHAZER
TAREESHEREL, ARy bTFRMIBEH
DI W ENFEIEI NI,

Fig. 2 IcRIFZEO—BRE L TEEDOHAET
-7 ENUDz#vy b7 X bDER%E Fig. 3
12 W. L. Russell' 2 ic & 3 ENU o< 7 Z¥FH#E
Rt AR ERAEORRER Lic, ARy
P2 MCBWTAREES L WMVS IR R

% ® RS
50 O wMmvs
A Malform.
[ ]
s T
I
|
%
204 ‘ A
!
10- [
® ®)
GP$¢
0 625125 25 50 75
Dose (mg/ka)
Fig. 2. Frequencies of ENU-induced

recessive spots, white midventral

spots and malformations

NI EOMIENH BH, RS OIS EOE
MmE & bICEBENSIEML TS, —F, FEE
(3 0D B F R 45K |3 AT BRBE & 100me, kg BE
DEEEIEHELDBEVEERT, ChoDl
Mo, HEBMETIAMIEE &> THERICE
ERENABOTWELEELZOND, IHIT, R
Ay FF R D TREEEMETIRETERVEX
HBERTHRITREE EEZL SN TV, -
T, AEy b7 R MIBFEEAEL D BRENLD
CEITt B, BE BBOHRLKOLTEMEL S
¥, BEBMETHEEE S > TtEMEbBAA
D&, ZOMBL DILEMTAR Y T X MG
HOENBONT VWS, TOIEMS, ARy
k5 Z b ASBLIC R ERE(I 7D pre-screening & L
TOMIE T T, FEMEE OBt HIld
BEHD—E LTHEREVIZEAINTTL %,
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Fig. 3. Frequencies of ENU-induced

specific-locus mutations in mouse
spermatogonia

(cited from reference No.10)

Styles & Penman'V O#i&48Z 12 LT,
Table 3iICZ2 Ry b7 X b &EFREHREBOHEE
AR LT, #5389600L &Y% review LT
WAN, Z®DS b abstract paper 721 DL &
RIRBHBNET v FTD in vivo DR RER
DR SN TOZVWYEZRO K501 >0 T

T S U LI — —

F LB, By bF R b ERBHRBROEEN
—HLEWIEDS B, 28y b7 MEKT
SEREE (ZIRPEDAL 912 2 -aminopurine DT
Hb, TOEMNS, ARy FFRMNTEMEE L
NEEVHERTRENE LB E WX 20T
MEEZOND, W, ARy bRt CREM
BEBtEE WAL TR, REEavLE
ANEEL ZET ZLENDH B, COHEEICAN
S5N3 I{LEYD S BT, 5 v b TOREMR
BRCIBHETH B0, Xy bFRXMNEFEILET
HBIIVATIIREFERELE->TVWBEHDOP, X
Ry b7 2 P THREUERBRT LML RIS
MOBEABIRICERENML E2HEy b7 D
ATRELLEELONEENTVS, iz
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DHERICERE LM -7 EEZ B ENTX B,
ARy b TR NTEEELD, LMrBAEERED
WMVS B I nish - 1238811, Bikd 3
W3 DHRHEMD IR A BB TEX M- &
bEZoNB,

5 #¥YIC

ARy bT R ERBURRICET 2ERO—
HRIBAENB0% EHL>TWE, LHL, 0k
IEHEBEAET BT, FLELEZARY FFR D
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bE O FHBBITEBRINS 2 L 2FE- TR%E

Table 3. Comparison of results from the spot test with those from cancer and bacterial

mutation assays

Spot test Cancer Bacteria No. of chemicals

+ + + 31

+ + - 4 (36)

+ - +

- + 2 6

- + - 3

- o + g 4

- - - 1
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Chemical Dose  MNE(%) Type of MNE
(mg/kg) d<D/4 d=D/4 (%)
TEM 0.3 1.81 98 2 (2.0)
MMC 3 1.89 195 5 (2.5)
Ara-C 50 2.67 99 1 (1.0)
6-MP 100 3.00 98 2 (2.0)
VCR 0.125  3.07 26 4 (74.0)
COL 0.625 0.47 46 o4 (64.0)
COLC 10 0.57 56 44 (44.0)
ANSA 0.33 0.74 47 53 (53.0)
Untreated 0.14 98 2 (2.0)

43k (55) dTable 1 kb #D—EfAE|H

d :/MEOER, D : FRIMIRDER

TEM : triethylenemelamine,

MMC : mitomycin C,

Ara—C : 1— 8 —p—arabinofuranosylcytosine,

6—MP : 6 —mercaptopurine,
COL : colchicine,
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DWRINTWNB Y, EEOMEETHE LN
R BEICE Y 2/ MG R T 5% iR
(MNPCE) O ETF—F7DE X NFF LD %

COLC : colcemid,

VCR : vincristine,

ANSA : ansamitosin
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IARC Micronucleus
animal data Positive Negative
Sufficient™ 19 20
Limited 8 6.
Inadequate 5 11
No evidence 0 5

I ARC Monographs vol, 1~36 Gene Tox
Program, Mutat. Res. (1983)
T ANBR,

Program O T bW ARMEYE O HRE T
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+ b 17 (5-FU)(6-MP)(MTX)
- - 11
+ - 2 (acranil, quinacrine) IARC Monograph Supplement 4 (1982)

3 (atrazine)
(epichlorohydrine) Group—1

(ethylene dibromide)
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iE

Group—3

Gene Tox Program, Mutat, Res, (1983)
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EunAty s —FFEF EeFE®H L F m %

1. IC®HIC

BREh O 2 O{LEMENEERICID A EF N E
REZRBFEMARTEEICIE, DNA EEDEAPH
tili’s &> DNA oFEEES, T0k, BE
MBI, BEINLEI-IEEDE - TEEX
Nicbon, BRERL LTCEEIN, BAZIE
Los LiclEcxDEREEDRERENL S, T o—
DBIERITH T ERIOELTH % DNA 0 &
ICEB LT, MIHATER O S o RN AN A
ELRD, & MOILEMBE~NORBREZHES 5
ZENTRbNTWBE" Y, 7 X MLEME'H
PUCTINILL, ZTOMEHERERIET 5 Hik
R, AR P <7 2 ZARY7 M ILERIES B HEN
RENKE LD TH B, £1RETI, LFEWE -
DNA gzt U, #HENSE/ 7 o—F i
GERAOWTRHT 2ELITEDATV S,

F 413, 4 Randerath 512k - CTHRI N
12 P—RR M SNVEEFIA LT, {LFEMEIC
& % DNA gffiz#kthd 2HL2HKATNHBE" V',
COHER, SNILVLIALEMEER WS ER
<, HEBHEERT, B TEHREICLFEYEIC
& % DNA gffiz#kthd 5 HETH 5,
TOEBRTHANEIAEREL LIS, TOHEIC
DVWTHRRTA,

2. PP —RRPSNIVEDRE
COFER, FEEINCILITO 4 >0k L7
BEMSKS (E1),
1) [BffizZi37- DNA % 2 DD iRk
#12& - T, 3’ -mononucleotides |24} i#d
5,

2) 3’-mononucleotides ~\ T4 polynucleo-

tide kinase OFEERINCZL D, 7 -*2P-ATP
Mo **P%A5 - OH O E~#:fE L, 5'-°2P-
deoxyribonucleoside 3, 5’ -diphosphates
=185,

3) EWXIULAF FERET S,

4) BB/ /o< br574— (TLC) ic&kb
ftmx% Rt L, A—F594 75
T4 —=ickOBRHT B,

B2 ITRINTWABERIC, 3) &£4) DRT v

Tid, EBICR 1ROV —FETTS, 22T
3, FHEEEAA O RBETHER) T LA
12 (PED o—20#EY— N EHWS,
A2 2 ARy b LI 1 IM LiICl T2 DD,
Ha~ERId % & IE# nucleotides DA A E) X
¥, fIhik% origin (OR) i2& &% 2 HAAHE
Thb, Bk BEOWATUOMKL, 2.5M
¥M7 €= L (pH3.5) TEEL, ERICHK
MoETUIDKRL, ORE2&EL Y — bD/pF%E
B85, COv—t% REZEUCFRYF VL
(pH3.5) TRBEIL (D3) zo%k RFEZEST
Tris-HCI-LiCl (pH8.0) TiElIx L CEAD
HENcEREL (DY), —RxBREEZIT5. BHE
12, DIoEREI% 1 M sodium phosphate (pH
6.8) TITHOZETIEEX 7 LA F FEBREL,
D2i3frtab e\, 7z, D4ERI%, 1M sodium
phosphate TR —AEICEMAL, ¥—hLEOD
Ny 275 NOAY v MeBRCEBEET .
AR L NILVOERIZ, REINAZEX
Ry MCHYETZV—2YIDED, YU FL—
Yavho vy —TRIETAHIEICEDITI. T
DEERTH 24 nucleotides DI, KD XD
L Tkd B, IRNILDE XDORIGHKIZ ATPase

== 7 =




ACXTAYGT"CZAC
PPPAPIPIPIPIPIPIPLPIP I PIP S OH

Micrococcal nuclease
Spleen phosphodiesterase

A G T c  "C X Y y 4
HoM'P HOMP HOdP HOLP HOMP  HOlP HOLP HOGP

T4-polynucleotide kinase
7-3%P-ATP

A G ] 3 g *C X Y y 4
#pppuplpssplpplpiepfp  2pfp 2pip =pfp

|
Removal of normal nucleotides and separation of adducts on
multi-directional polyethyleneimine-cellulose thin-layer
dmalothy (PEI-cellulose TLC)

Autoradiography

1. *P-FRRbINIEOFE (k3 LD ®E)

4-Directional PEIl-cellulose TLC

'-—— —— - ——————————
o
(3

DI, D2 : Removal of normal
nucleotides
D2+4°R .p4
_______ D3,D4 :Resolution of

adducted nucleotides
- - - - Cut after development

K2. PEl £)lo—x TLC ZH Wi, EHE X7 LAF FOBRERDY, NEORBK CH3 L0 &E)

2MAZ, RKRIGD v-2*P-ATP % 43fi#t% PEI
)ao—ZXTLC izt b, S~N)LX 7 nucleoti-
des & **Pi 2438 L, nucleotides ITD&A & D
ZENIAT U MERMET S, CDOLDICLTH
SNIEN S, FNLINIAMEOMHENTL (re-
lative adduct labeling) ZLITFTORIC L DKkHD
5o

Relative adduct labeling (RAL)

_ ko s > b

4 uncleotides ®# 7 > k
AR D S (3, —#%#IZ1Z10" nucleotides
L) O IEDOETRDOINBEENEZ VDT,
RAL fi%10"f% L TR 5, F7z, 10"nucleo-
tides 24 » OfIAEEE0. 359 5 &, mg DNA
40 O MED fmol M MEITKE 5, 1c,
A DRHERE, 10"~10*nucleotides®4 »
1 EHEETH 5,

CO—HOEBIEIC K ORI TE A1k, 5
BN OZRED(LEMICRON S, £ FILLP
I FI)ILAL1E & %5 F 72 nucleotides (3, [EHD
nucleotides & 13+ A EEDLLIEWEH T 57
Hiz, DIBRETY— I SBAMANTLE I, &
fo, —BRESCZEREOLEWIC L ATMED,
v— M EDBMANTEN 2, [ERRICDIERT
BE) L TR T30,

3. PP—RRPIRNIEDHER
SFEFTRNTEIDIF, FERINIEPDOHE
THBH, TOHRVL ODDOHBEN LI NI, F
RREAER, D REEREO LR, 2) BEXTFED
{LEMEIC K B MEOKRH E WD ZHTH 5,
) BHERED LA

PERDFiEEAWIIES, 107~10%nucleotides
40 1 ot k%R <%, Randerath 5
i3, 20l EDLEMEISOWT, ThETRENA
HAEBHEI N TV B DR TITHNMEZRD
<V, L L, ZhUTD LD MEDR
th, i, b FOILFMENORBEROMAIELE W
VIEHEEEZ GG, — i}, LiLORHR
RUT Okt 246808 H 5, #-T,

CORICKETAHBRARZUERE D, & TE
DRRIZ, AN 3002 ERE) I B4 L,
1IE# nucleotides 23 & A EFEE L WRET,
HIADAZE 2P TS XN 3Hc LD aked 15
%, ZHicid, 1-butanol THIMAZMLT 24
%" &, nuclease PIOBRIERAEFMHT 54
‘YN B, WTNDEFELE DL, ThoDLHE
i3, DNA Z ¥R RBEFRAIEICKL D, 3" -mono-
nucleotides |24 i# L 724 TIT78 5, ZOHBIC
£ 010'°~10"'® nucleotides X4 v 1 DA
ERETAENAREL S 72, Fo, TNILORE
|2, 3’-mononucleotides DEEEL YD, v - 2P -
ATP OEEMNEWE, T4 polynucleotide kin-
ase DEERFEORFRMICK D, [HAEHERK)
125 X)LbadN 3 (ATP deficient condition),
Randerath 53, ZoOMWEZFHL TRHERE
DERZEH > EEBHERLTNWSEY,

312, 1-butanol E Tty L7fl% R L1z,
HW\7{t&¥% 3 heterocyclic amine D—fETH
3, 2-amino-3-methyl- ¢ -carboline (MeA a C)
Thb, i3, FHOIKK->THFM1 X707y
Y OMAENHLOERFEVME L LTREI N
bOT, FEOMARZHP, ¥/ 305 —)Lh
RHBEFHTWSE' -0 b 2B
3, R, MENKMAOERZFRT 50,
J v T, EYREEEICKD, EEIRKRO, B
WKEMES ZBIT' 'V, LB, Ty bick
WT, IhonfEzd DNAITMeAaCick 3
FIENER I NS 2 LAY, F344
Z v MiZ100mg, kg b.w. D MeA ¢ C% 1 [@], #%
OfNCRS L, 24RRERICHFICBWLTERE N
ki, Dlad &b sEERD i, ThE
NOMMED LNV EER1ICRD LT, ZOER
DBA, 2 nucleotides it ZFEFNFAT U b
M#16 X10'cpm, fF{AE 1 ~ (344 X 10°cpm
EhlENnf, 51T, FEIIFVRRy bEL
THRHDONAFME2 & 53, ZhETh 200
cpm, 100cpm & O Z Fhtz, - T, 10°nucle
otides IZH(fE &\ 5 FEEITE W L XL Dk
bEBICRIETE ., 0L, LRNLDOEFHD




X 3.

MeAaC ic X VRS hi-fHhn{k, 10ugd DNA % ##ricH W72, D, : IM sodium phosphate (pH

6.8),D3: 4. 2M¥B— Y F 7 4, 7.5MRR%E (pH 3.5). D4 :0.8Mi&{t Y ¥ 4, 0.5M Tris - HCL, 7.5M

R%(pH 8.0)

#£1. MeAaCickhERENfFMED L)L

Adduct No.

Adducts/lO7 nucleotides

0 N o U1 bW N

67.44
0.04
0.34
0.24
0.02
0.84
0.10
0.16

Total

69.18

kA 1 &, ZOfn OhD L NILDEN
fHnEh@EB SN B LNy -], ZOMMD
heterocyclic amine |2 & 3 ffi0f&kic—#E#IIC A
SNBHEETH S CRER,

NucleasePl1i#: 3, R INIHETD
2% AEEFEIL, 3 -phosphorylase [EE% b2
72%, 3’-mononucleotides |%, nucleosides I
SREN, IRDAT v 7 THWAT4 polynucleo-

— 90 —

tide kinase DEZ I 5 E->TLE I, F
mikid, ABEOREICLDICVOT, ER
nucleotides D AAGERAGICHFEI N, (TIOAD
BHEINBEEVIONFEETH B, L L. 1t&
Mk - TR, BE I AMMELHD, hetero-
eyclic amine [ZOWTFHNETAH, L {OND
O TR SN WAED D - 72 CRER).
9) (ESTALac & AMEORL
PEI-+t)lo—2Z¥— bhEAWVE TLC THE,
D, BRI & » IE#% nucleotides ZFR { A%, &5
FLatic & Mk bE#IC OR N oiHE L
<LEH. CORER EAFLAMITHLTE
n oM ODS ¥ — b &AW TLC 2D,
BT C&ick s hi'”, Fx
ZOHEERW, 1-nitrosoindole-3-acetonitrile
= & % DNA kot ks tc, ZOLE
iz, EHSIck->TREINAHOT, BRH
DZE BRERIEKYE, indole-3-acetonitrile % dfi
R 2 EIC Kk > T L AEEERFEMET

HCl, sMFR# (pHB8.0)

H5' ' F3445 v bi2100mg, kg b.w.D1-
nitrosoindole-3-acetonitrile Z§£#IC 5 Z,

2 Bpfllikic, BiE < BRE O DNA IZERE e
kAR L1z, R4 ITRINBHRIC, BilE *
MEDBA L LS M, L-nitrosoindole-3-
acetonitrile |2 & 2fIMEAEH SN, ZOE
BT, RIEREE BT A7, ATP defici-
ent condition &R\ TW 5D TIEMES Mk L
NLOERETER VA, 2 & LTI0 nucle-
otides 2 1 [EEEDAMAEN RS LTV,
Randerath &3, —® ODS—TLC ik —
BHOLETd 5 safrole KU T DFFEKIC L
LA ERELTVSE' ", ft-T, JOKIE
ZEAWIUE, BEPICEE EET 5 —RIERD,
—EEMALAYIC X AN b REARTRET H 5.

4 P —HRFSANNEERWALEYEES
KIC & B AHIE D&
chEcid, HEErBLcE—ALAMICL ST

DNA Modification in Rat Stomach by
I-Nitrosoindole-3-acetonitrile

-Nitrosoindole- Control
3-acetonitrile '

4. 1-Nitrosoindole-3-acetonitrile [Z& 5 DNA fHiik, D, : 0. 4M*¥# -7 »E=7 4 (pH 6.0) (ODS
s — pAEH) D3:2.5M¥E— 1 F7 L4, 4. 5SMER%E (pH3.5), D4 :0.4MiE(LY F7 4, 0.4M Tris—




MEDOKEICO>WTERNT X/, LML, 2P —
RRX M INNVFEICENE, BE—{tEYMDALS
7, BRPAK[EN S OMMBIC >\ T bk
ICEIRE DR N T % %, Randerath 53, #/3
IDF —)lip o OFEMHEYIC X B HmiEE it L
TWB2Y  Fz, Jeffrey 513, ¥4 —EIHE
H2AERBREI S5 v Ofin o k%
BHELTWE?Y, 35I15, TOHEEXRWVWT,
t hOREI SMGEERET S 2 & biTabN
Tk, Randerath & 3EEE DB PTE »
fiticd> DNA Ao BRAE (2B L 7 fH ik %2 8 L
—CL\ézo. 22) .

5. NIV VICKBINEDRE

Feid, PP-RIXFSNNVEERAVWTNILT
vk %5 DNA kOB E %7 -7, /NI
i3, YLVERXRTEDRTIR, ThEERERE
BEHARIBVD, 72U UEEoRFICLD
co - mutagen & L CTEHT %Y, —4, W
By OEEMERICEVTIE, BMTERENS
RIEY, FITHA I, in vivo TNIL= oHD

NAE#EL ZFhENERTT L7 0.5% D
= EEUHEK% CDF, = 2ic—B/R5 2
fe& A, H5ITRINBHIC, FFo DNA iz
B O 8k, 10® nucleotides 12 3 B g
ETERIN, CokHic, ZEREREOEDL
WEAIZOWT, in vivo TO DNA {&#fi4-8y
OMICTBIED, COHKICLDERETH 3,

6. EMNADMIBIEFERMEDOTFA
{LEWMEDENAMRY, ZOREHRELEE
WITFRIT B0, BuL, (LEWEORE %
Dfigds TD DNA [IEFEKO L X)L &
ENSDT7 To—F2RKAT, AWLEML
MelQx*®> T, =7 RicBVTIZ, I MR,
MmikRICESE5 2B LY, Jv McxLT
i3, B, Zymbalff, RERKR, KMEICERE
FRI BV, F3445 v bIT 50mg, kg b.w. @
MelQx%—[@], ZFOF7/IEEANBRET L, 2
4EREI% OFF O DNA IZK 6 DRkIC, D1sd &b
2B OMNMEEKRT 5, D& ZDOMMER
RO LNIVE, B, BRUY, HEREICOWTHIEL

5. b= itk s DNA finfEowkit. 10ugd DNA %7 L7z, D, : 1M sodium phosphate (pH 6. 8),
D3:4.2M¥8 -V F 2L, T.5MR#%E (pH 3.5). D4: 1M#E{LY F 4, 0.5M Tris - HCL, 7. SMR %

(pH 8.0)

6. MelQx itk % DNA fhni&k, 10ugd DNA Z#Z#r L 7. D, : IM sodium phosphate (pH 6.8), D3 : 4.2
M#+®g—-Y Fv 4, TMRE (pH3.5), D4:0.8Mi&{k) #» 4, 0.5M Tris-HC1, 7.5MfE#% (pH 8.0)

£2. MelQx 0 1 B} 51L& 35 v bDEEE TOMMED L XL

Adducts/10’ nucleotides

Route Adduct
No. Liver Kidney Testis

1 0.86 053 0.041
Intraperitoneal

2 0.071 - -

1 1.03 0.87 0.054
Gavage

2 0.080 0.073 -

12bD%RE 21N LIz, BPVADENBIE TH S
FRicBWTIE, fHkiE, 107nucleotides |24
| BoRETRIHIN/, &AM, EERED
AONIEVEICBEVWT O LD PR VIZETH
Es B XN, FEEICHEVLTH 10°nucleo-
tides ¥ & WV D LRIV THIMES TR S N B
ZEDbh ot XIBIT, RNAERERE—F
%, BB, 0.04%0DMelQx 2&T KA 5%

FRIFHY I FE 2 DOBRES TOMIETRZRIE L1z &
A, MToIc, 2TORETEEDEZIIHS
boo, fimErRHEh, FEE5HEEED
AR L NV ERBB SN, #-T, {LF
B DRIETZRRD L RILD & S FEM A D25
BHEEETFHT2FIREE BEbhb, LALK
Mo, LFERENABIEICH T B initiation EHE
DB FIDOHEICLIVDAETE 5,
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DNA Adduct Levels in Various Organs of
Rats Fed 0.04% MelQx

T

20

Adducts /107 nucleotides
o

Time of feeding (weeks)

7. MelQx 0@ 51X 25 v FDEEE TORMED L NI 0RZEFTIZEAL

1. &hYIC

1P — R b INLER, (LFEHEICL S DN
A ik E HEREHE T RO TEHEREICR
HTXBERNAETH S, COHEEZHAVWST
Lk, BE(LEMENEKICEDZEN, &
HALPREREFORBEZ T 2K, Ehlon
DEEHWERFERFOEYER LR T AIERD H
BIICZEAL L TWB DM EERINTRD 5 HH VA
BETH B, £, FMEORHBRENEGVWEN
5, b hOLEME~NORBROAMEICISHT S
HyagesBbhs, LMrLENS, ThETOD
HETIE, A FIUERZF LR EDT L FILL
EZF AR TEL W, /2, E b1k
FHE~DORBROUENCHT 58546, [k
ORHBEE X SIC LRI B0ENH 51300
T2, LRORE» SHR L Ak ERET
XARICLIBTIRE S, Atkid, ExDfk
FEMIBEITHOWT, in vivo TORENERFEZE
REST 1IN0 TR, LEOREAIIOVWTH
B LTOMEFIUTIE S0,
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YURSY L TERED in vivo SRR E

FRAMLHER—)

AEHDNAGE (UDS) %

SRR FEMEUAR BAEVFHESR B K T &

1. RL&HIC
COHETIEEICL TV A REY DNA &K
(unscheduled DNA synthesis,UDS) & (3,
DNA SOV (excision repair) 12k 3
BIE DNA ARREIT, 310bb, ERERFEME
WE, (L¥FREHEME S 5\ oRBEHEL
M, HEHERA DNA Z&86i LT, £hnUIRERE

TEBEINZGEEICE, M) FILTEELLF

1YY (CCHTAR) %2#£FEIE2L, 1 v DE
I LT, Z8® "HTdR W"EUAEF N T, SE
TDNAEEGE®RIET 5 LMK S,

BYORE L, BYOAManRAZRICER
THLEZONTVWS, BEMCHT 2ERFREM
WMENLT L BT, ERFEUEWMES 5\ (38
FEHME LS 5100A, Zhid, DILEmEOR
HUARER & (AN~ DH TR, 2)IERIEES D 5 W 3D
TOWRIY, DRBMIEHEAL, #FE, HEtt, ORI
B TOMKADIETEN: 1S & DBERNIEA T 5129
LEZOND, TOXSICEYT, EHEE S
TN BRFEDREIEEFART 2 BRERBEOMR
R R LTS, FRAIEES DM DNA 121348
BHIE->TVWBIRTHEDT, Th%i UDS %1612
LLTRIETZADTREBUVAEVWIERZT, T
@ in vivo RERENEZ ot

&8 DNA & ORRI3E <, 1964%EiC Ras-
mussen & Painter I2&-T, UV BEt X174
faic SHALIZLD DNA GEMNGEE S NS ZENR
HXxh7", “unscheduled synthesis” &\
=13, Djordjevic & Tolmach (2 & - THH
ICHWSNY, BED, ‘repair DNA synthesis”
& “unscheduled DNA synthesis” O DS
EAEDN TS, D UDS % in vivo Ml

FiEELTES EWVWHEZ L, Stich & Kieser
KL - TREINLY , HO <7 RIEREY
BHA2%5 LT in vivo TEH X H 71k, EREE
ZH O LT, in vitro T *HTdR F7E FiZ DNA
BETHET, UDS 2HlET 5 HEERE L
1oo WO MR F /03B L L/cEA
DA—=bF VKT 574 —DREET>72", L
ML IOHER, SHRREON—F T2
ELTRIEMET X/CLIT, TOROREIIE
Mmote, ERMEAEERARE LT, in vivo %
EELTHEWE LzDIE, 1980FERICA->TH S
T, Mirsalis & Butterworth (3, ﬁﬁﬁ%ﬁ%
5 L5y A SHF#EO® primary culture
ZHELT, UDS% A—-b5945574—T
BETE2HEXMAK LY, COHERBRERIC2
HEHEONNE, HODT IV —TIIERDH
%, BREY, BRT, LEERERY ICoVWTHE
FLt, BEZOAERT AV AZFLIZ20AIE
EDOWRENHVTWS, FuEE, T v MIEE
HEMEA#E LT in vivo TERH X H 7124,

‘HTdR & Ut FoF+v o L7 (S DNAA

- RO EH : HU) FAE T CTREMEORERE

A{T->T UDS 28IEd 2 R#E S HEEREREL
72210 FhiZlZ *"HTdR © DNA ~O D 4
Rk v FL—va v vy —TRIELTL
%, COFEEEDTI2AMTRAETX 5, o
EIERSAEERT' ERB Y oW THRE
L1ze COFEBHEOMTIE, AERTHEALD
5LIATH3,
FHERBOA =T —Y a MERERERT B0
AT, BEEMBEDO S oE—Y 3 JEAD,
BE®iEH) > HU 2BV TRIBOFETHEOE




BUZHESK DNA &K (TDS) %7213 S iHika D
EMEBETALICL->-TRETEZEITH S,

2. EBE
LEWMEZEZS v b (7)) I, BFa—7,
JERENES, EB7E & TS LT in vivo TIEH
IE7tk, BHE T BEBEMOH LT, in vitro
T°'HTdR FETICHEEERE 23 & %
fT- T, UDS 2#flIEd %,

DNA ~® *HTdR QWD ABZRIET 5 DI,
WK v F V=Y avh vy —%ES Bk 'O
EX—=PI AT T T4 —=%FESHED 0D
50 A=FITVXTTT 4 —DHED, BERIHIMN
57, 1% DNA A& UDS = IEMICXSI4 5
CENTES, YV FL—Varvhovy—
#TH, TDS & UDS Z [a]# Il E 3 Ui HERS
BHEETE 3,
HBRKEY v FL—vavhovy—%fEs

Unscheduled DNA Synthesis

B

s In vitro DNA synthesis
( [3H]thymidine
Hydroxyurea
DNA
EI Liquid scintillation counter
Scintillator

Radio isotope

X1 UDS#

TVWBDT, EELTZOHE ([®1) Kot
BB, BFRET LD 00K ORI R

ABEHRE%0, 2, ~16BHOBICHSE M- ¢
BB L, BHOHIMEIT OV TRE
DI THERIEHZR/IET 5,
DS

1 B 580D Fischer (F344, F+—JLZ « y
N=) T~8EPHES v FEMEBT— VI AR
T, v FOBKE200g4D 4 g OEBER A
HEE L, BHESNIIEICN 72 2ANR
B2EAT 5, #E516B:RI%ORIE R T B8
3, SNSRI TTY AR ZERS L, 29E
RLUTHIEDT 5, REIZFHET, F5eokic
RYVLFLUF2—TEMTBD, BV THH
AT Yo REHIREAD D A FILZkE
¥ K (DMSO) ###L, 0.3~1. 0mi#%54 3,

in vivo THEZIEH I E:%, BRLTES

FHMOHL, ASETYOEEE, 0.9%BEkE

&£ ' L—15 medium (Gibco) T#E - 72, 1
PHRRESKERRE (K 2) % 1 mmDIET, FERERHR P
ReggEiinkiic#E MES, BRANYIT
VDB, a7 RCTIVIFEEHEED I,
HENFNS VBV IT—HES L L-15
medium EIZEWT, A XOXNTH 1 migiz{)v
2L, LFE (K3) 1250u D L—15 medium
EHoNLDANIE AN, HY)L 7-k5H520ng

- EAN, 1B5HNESLEIAT, HU 2R

fm (UDS A) %713 HU 28K (TDS A)
?D *HTdR 2#&¢ L—15 medium 3 m{% A,
3T CT 2B PNIRBL TS v F 2 X—}
45, 2K%IC L—15 medium T—E# - 7
%, BEHETERL TV 1 mM TdR 288
L—15 medium % 3m{ i1z T37°C3043 X 54
VF aNX—19 3B, PBSTH-7HNSATA
2 L THEET 5, S, S DNA HEEZLITO
FHiETHlit L, MEtEL DNA BEL2AET
%o 18HT v MNeREHIT 0D, RETHETES
LTWiEW 1 mM TdR 2&% L—15 medium
TA v FaxX— T 2HFET, FHTIRELE
BIZEE L TH<,

K2 Zv bhboBEKRERITURLAK
AiE (forestomach), BERL (fundus),
K4FARRER (pylorus) THEKE N %,

AE

16mm

AFYRbvoi=

wwgy

115mm

B3 LF&E

ZEy VRLVERAEVF A F—HAEE (K4)
IZkB L7210% b Y 7 o oFefs (TCA) 1mi%
O, ZodussEiELIEEE I sox—-F)L
THBL, KEBIC2M+AEYF A XT3, RL
BHEDOF F 4°CT3000rpm 1553 A& L L THL#®
(#7%28H&E DNA & RNA E%288) 2l
D, bH)—E10% TCAIm{TKREIF AL XLT
O LTtk ERN 5, IN ® KOH 1. 1m{ 2f0x
THREIVFA XL, 3TC—K A FaxX—=bLT
RNA ZMKA BT 5. BE, RNEMHRLED
EiCh# L TW A0 T3000rpm 1543 & L
T, &L 2Dy ViEOLERERE VS
1 ¥ —HAREICHEL, 5ND HCI 200 THF0
L, 70% TCA 63 A THK 5% TCA &9
5, 103kt H L THBENRS, O
BERICRA KL, MY -7 ATHER S,

niE

10mm
iy

wuwgegl
AFVULVARRF—I

107mm

F7az

F7AURY A H5ANEE
K4 ZRE9YBLEERFEIFAH—

iz 5 % TCA60W ZMATHREYF A4 XL
721, 80°C 304N L T DNA % fnsk 5 fi#
35, COBY R BREM®LTCHHBT SO
T, KmtkE L TLEE%RZ DNA @& LT#
9o 500u% > »F L—% — ACSI (Amersham
Corp.) IZIEMLIAAT, kY v FlL—va v
A1 57 —TDNA IZHD:AEN/.°HTdR D&
ZHET 5,

DNA BEODOEE(IZ, DNA SHE20W iZ2M
35—V T I /) REBEMR - 23EMIE (DABA)
(AL 40 Z=MmA, 37°CTI0HMA ¥
N— b L7, 0.6N@EFREE (PCA) 300 %
mz, I7vvlLERAWTHREE436 nm, 8¢
520 nm THNEZERMET 5, EERARE LT, F
4HgfR DNA 7508, /m{% 5 % TCA THKD L
THW3, DABA 3ZEHABRMBEOE O v b %%
ATEI BMHLTT CED & ZEARBEIE,
2)RIE

IRETCOAHELERSELHIE, UTO@EDTH S,
AR EUIDED, 5L LFEEICAN
TAvFaxX—=bF5, 1 vFa2X— b 2Kbo
THfE L72AiBE %224mM EDTA « 75mM NaCl

(pH7.5) T#W, R ERERFHADA I VY
THIDERD, REy VELERRED ¥ -4
BEICAN, 300mM NaCl « 30mM EDTA -
0.5% SDS (pH10.2) #&#& 1 m{ %fMmZ, 37°C5
SEA ¥ aX— b LR, BREVFAXL,

P, .




70% TCA 150U ZMA TRE L, ZFERTL04fE
#iE 7ok, ZFIRT3000rpm 154 &L LTk
BAES Okind5&SDS bt LTLED )
K

AEHIROEE D, BE L 720.9%NaCl 0. 5m{
WWIENLTEBT %, KBTI, IREPIIE LR
BOBEUYE EES L TH# DNA A0 F
LSd 32 EAvwoT, 1 H1[[E3 3
LCTHEB%RAIET A E BAGETH 5,

Butterworth X U Mirsalis 5OA — k5 Y
* 757 4 —iEE OB TEEICHRIAT S &,
RO H 5 W IIEEAER TLFEMEEZ T v b
W5 Lich s, HBEa5 7+ —ERTRIEL
T, OIREEEFMmEZER L, ‘"HTdR F#EFIC
DNA &% 11hbt, A—b5947 574 —T,
¥TO *HTdR O AHMN S 58K FEEE
2B 193

3. EROBN

@ HU Ik 5#E% DNA & DE

HILE LTI, WicHilaozab o, 1EE
HTIIESD DNA AN BEIN S, ZThw
%, DNA ~® *HTdR OV iAAT UDS %l
ET HDITIE, ZOHEEID DNA 5 %HE
TELEND B, K5 ICEEFRLES v bHSEL
DH LB OMPIRREHE% in vitro 3B K&
L7:#@ HU ik 5 DNA & OBEEERT' Y,
HU 2 & - TH#%! DNA A Z100%HET 5

o
(o]
—e

50

Remaining uptake of [*H]thymidine (%)

o

1

10 15

HU ( mM)

5 HUIWELBT v MEBEKES D DNA &5k
g210)

o
[}

L3R d, 10mM HU THI3%FHES 5,
EINTITEKS DNA &hkid, FERTOXR
&35,
@ Wk v FL—varvhory—ikEt—bh
FO*T5 T 4 —EOHE
RIBN-AFIL-N-=—bo-N—-=tnm
V77 =Yy (MNNG) 2&55 v MEOMM
BRIk E D UDS SFiEEx ik v FL—va v
AoV F—iEkEA—= bSO TS5 74 —EETH
BRCHIE LR TH B, CITRA—-MFVF
757 4 =3B Tt 7. EREDZHoDH

Rl BE U FL—Va vy d—EEA— NSV T 5T 4 —EDHEL

gp—z MNNG g Bk F L=y F— I OASTT 4 —ik
0. hE m "HTAR dpm / ug DNA® KT/ #%

| 0 0 4450+2370 0.68+1.06

2 0 10 271496 0,540, 50

3 200 0 2640644 8.50+6. 84

4 200 10 1930+ 459 8, 47+6.79

» Pl IERERE, 1 BS5H, V- 7413210 L THIFEMICERICR 3,
»LEEHEERZE, SHUAOBBOROBR FEHAT, Z/V—7311IcHLT, ZL—T41F2

It L TR A HETHERICERICR S,

—100 —

FIck BHRRLA-TVE, EA—FTY
A 7574 —DFERNS, HU ZHBHH UDS
ZHELEE LSV & DALMY,
® UDS #llE

[ 6 125 O PSSk T D BLAYI) 15 KBRS
2Rd. BEOREBEEYME MNNG &7 v b
IAE 1 kg 240 100ng #2595 &, 2~ 4 B
® HU HHEFTD DNA &80 EF & LTUDS
AR TE oo %72 16854 I (3HIRI D RETEIC (¥
5% DNA & b#¥10f5 ER U7, flth, #F
g BRCIEEEHERT AN, REREIC3EE
Fx| L HWIAFL=boyT Iy (DMN) T
12, HU & F < DNA &0EmAtE -~ 72 1%
¢, HU EFEEFTlass DNA &phi% Dl
£Xxht, TH8bb UDS bEBODNA SR b
HEINLEM T

DL SI2+HU &EHIC—HU TO DNA &
BARELTHL &, MEBEEOfGEE R 5E
121348 DNA & ms, BHERTESGIC
148 DNA AROBIOHBEI NS0T, [

MNNG

10000 —HY(TDS),

Incorporation of [*H]dThd

500

100
0

~ 5000+
z
0 1000|057 | .
o 02 4 - 16
<

DS
§1ooo_+ﬂuul ).

0o 24 7 16

ICHIE LTHL &k,
# 212 5 R ORFEFYE O T O WPk
&t UDS Fieo HBGHARY, BRELSA
CEMES AR OBREVETE RETRHEEE
FFTHUDS 2FELIEN -7V

@ UDS Fieodsts Rt

# 3 IcRED Bk TR OBERYHE B &
VZEREMEICHOVWT, #iE, RS KBTHEN
tgEEART, REERIC UDS FEOHHELE T
OB TOBEHOEEER L TH S, BEMER
MOLEME Tk, UDS @i & = <o
Rt L I L —H LY,

#% 4 |2 Butterworth ¥ & % Mirsalis 5®
A= N5 UA ST T 4 —EIT K > TIEHDBEA
BIEYE B L 07 OELKIC & 5 UDS FEZHT
OB EED L O LRGSR (R~XE)
THNIAERERSTSY 1420, UDS OFilL
LENBETOBREE RN D XKL TY
%3, ZCTRLEMEORSEKICLSUDSD
Fip L OBERHORVEREICTHANTRLTSH

DMN
4000
2000[, . s
OL1L o 9o L
02 4 16
300 4y
200+
100"'_:‘_%_/’__.;_
T F i
74 76

Hours after administration

K6 v FEEEICH T 5 UDS LR DNAGKOFER )
MNNG (100mg/kg{A®E), +HUD 2, 4, 7, 16858 & b F3f#i3 0 Befl] & A EE IS A RICR SV
DMN (16mg/ketk®), +HU @ 2, 4, 1685R & b FHf#EI 0 B S HEOZEMNII,
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®2 Jv FERBEICHY 2IREBRVEICL 2UDS FHOMHBRCH

rEE UDS Student’s
] /

RERITE ﬁikg "HTJR dpm / g DNA* t R

MNNG 0 72+ 16
50 260+ 70 P <0.001
100 337+ 140 P <0.01
200 317+132 P <0.01

ENNG 0 108+ 35
100 269+ 83 P <0.01
500 329+ 57 P <0. 001
800 309+102 P <0.01

PNNG 0 37+ 13
400 148+ 40 P <0.01
800 166+ 87 P <0.05
1200 187+104 P <0.05

41-NQO 0 93+ 35
10 289101 P <0.01
20 352+ 91 P <0.01
30 499+114 P <0. 01

NMUT 0 66+ 15
23 158+ 28 P <0. 001
45 164+ 59 P <0.05
90 200+ 44 P <0.01

« EHE L HERERZE, 1 558, MNNG & 4 -NQO (35 2 B:Ril#%, ENNG, PNNG, NMUT i3#%5

4 R DR TH %o

%3 UDSHFEOBHRHEM KKV FL—varvhvry—iE)

- [0k 5 N
e=k=1 (UDS /Eﬁﬂi)

MNNG +/+ +/+ + /4"
ENNG 4 f

PNNG F i

4-NQO +/+ -/ -
NMUT /4 +/+

MNU +7 & ff 4 +74F
MAMAc &)
2—-AAF -/ - -/ - — =
DMN -/ =

Trp=P=1 = ifhe=

Trp=P=2 g i =

B[a]P +/+

4-AAF -/ -

E il —/ -

NROWFEREZBR, + FHEICL S

, fdEORS,
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%4 UDSHFROBEEREME A -394 7F 74—

A .
(L ¥ Bt B e FRE B L EREIR 25 %
(UDS / gZlFt)
2—AAF +/ +
AFB, +/ +
RypPPw +/+
6—BT + /4
2,4—DAT +/+
DEN +/+
DMN +/ + +/ 4+ +/ +
2,6—DNT +/ 4+
#+7o0—)L -/ +
CCl -/ + GE#fzEr)
DEHP -/ + GE#EfzES)
B[a]P -/ —
CHsCl1 -/ =
Soa2F%RIZ7 BF =/ =
DMBA -/ =
MNNG -/ =
1,6—DNP -/ 9
2,6—DNP -/ =
el N = EANVZ V2 -/ -
THEY v +/? +/+ +/+
MMS +/? -/ -
TISFIAY +/ -
1,2-DMH +/ - L%
2-NT +/9
3-NT -/9
4—NT -/ 9
MA6-BT + /9
CNEt6—BT +/9
6—PT -/ 9
MNU -/ 9 +/ +
b L T o s4y +/+
MAMAc +/ -
1, 1-DMH -/ 9
NARDUEGER 2SR

%, BEYEYAEEER THhORGEE TIIZ MR
BIRETIHOETEDS L, FRTIRISIC
TYFUAY v E L, 2—DMHDK FiES T35
JFEHEN B 5,

D& ICEEEEMOLEME T, UDS
i & ERE S COREHNNED I —HLT
WA ENBESNIIE >72DT, EBRITZDAHE
FHVWVTEREGTOZERFREBS L VOEFEMED in

vivo REMIED T,
® UDS Ik 2EEMEDTH
BEEAESUMBRLB LUORBERNTICHEET
5% direct—acting I EBRERE, 7 UAFH—I,
AFNTYVAFH—I, DT7EFNE, KTITR
T, BAHEE 2~ 4 BRE%RICE OIS
¥EIE T, HU 724 F ©D DNA Ainv2. 3~4. 8f5
BFEICERAL, UDSHiLE "% L7z, HU ¥ EF
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MG (300mg/kgld®E), +HUD 2, 4, 7, 1TERI DT (3 0 RS & et #0IcEEICR 2,
DA (1500mg/kgfAE), +HU®D 3, 1THRDFEE X 0 BERS & HET¥IICEBICRE S,

ETFTODNA AR (F& LTHEDNA &K
bEFFICL. 4~2.5f5 & ER I 50, HUEEFRT
DIEMEDEL, UDSHEEINRE I NI, 168
&I, HUIEFEAE T TOM DNA &5h21~
26fE LR L7 2», ook DNA &%, #
BUROA— SO 75 74 —THELT, ¥
FRIETEHT D S WAMIRE DI £ B 2 & 2D
SN, CNRBRBEToE— 3 ERDISEL
RBAJREMN D B, EBRICTMNNG 21 = 1—
y—¢957y FOZBRBERERT, SUAF
P IVIRBREZEET S ENEBSITL -
THLMEh2Y,
EMRSICL - THRECHIRGAORH I h e
direct—acting K= b V{t&¥, 1 —=+hno
YAV R=I=3—-TE b= YL 1kethkEY
D 300~1000mg#% 5T 4 Bk, HUBEHAETF T
D DNA&BMN4~6fFEERL, EhiFo UDS

Glyoxal Methylglyoxal Diacetyl
H-C=0 H3c-(‘:= (o] Hac-<|:= (o}
3 H-C=0 H-C=0 HsC-C=0
o
2 10000 a b
E b " “—HWTDS) 20000 ® —HW(TDS) 10000-C¢ —HW(TDS)
g 10000
g [ o] i1 1 0 7 1 1
b~ 400+
r.gl o| 1100+
T +HWUDS) o +HWUDS) °
. 800 .
200+ . ° °
5 . :////
: [ ] 400 = °
o ; e AT v
o ° 4’
Q 0 L 1 1 0 | 1 1
o 02 5 16 024 7 16
o
c

Hours after administration

R7 IANVEZNMELEWLS T v MREKEICS S 2 UDS L4 DNA AROFEHR
G (300mg/kgfA %), +HU®D 2 BRI DFIME I 0 bR & A FHNHBICR 2,

ZHEE LI, LOLENS, ZoOBHUEEE
TTODNAARKRLERICLD 2 -3fELRL,
UDSFENd- 2RI 2BEL, HURE
ETTODNAGKD LROEREDE D EDLT
IZ, UDSHEENI->Z2D LEBWESENDH -
T, UDSHEEDOAFEHIIRBINAA, 13- &
D EEERNDT SN -T2, TDX D ITLEY
Ho5%, HUEGFEET O DNA AR b EHIC
ERTBHEICE ISIcthoBE BIZITHE
VROA—= NS OF 7574 —, TIAVEH
%, DNA adduct OfZhTA =T — 3 UE
FZHRT 2 0END 5,

ficUDS FEEARBEHIE TRME? - - WE
2, AFLVbLOSET M SHHE N2 —
TI/)—8—=AFINA3I%Y 45-f) £/
v (IQY, BBEVAFY 2= bovitlLi
direct—acting ERF = bov I XA FT P,
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BHICEENEF T 3 AT L /2R
T direct—acting WZERF4 —(2 -7/ F
) = 6P =2 =y raNFtTr
) UnH B, ThoOWETRERI#YIFRELER
DOWERTT v MEBICRBEEIFRINT, TR
WS Tz, Z D1z UDS FEENIRE Ttk
T, ¥EERBSMEEEBRNTOATHEVWYE
2, Kgr7a7) o osn@me -7/ —a—
HIKRY) Y (AaC) % FHIHEEMIE L 7 AR T
direct—acting WERKF 2 —t FoF¥ -3 —=
by —a—AHIEKY P&, 75 ZAD Bartch
HEhSikEI N7 I /o= bo /) N—
EpaV-N-p—AFN—1-FA4FY-D—-
7727 b NVTIVEXUPN-=boYy-N-p
—=bOT72=—L-TSEI VLTI VHH
55
FoHBMEEIEN & T A REEMEMENRR S
N7, TORUMELEYIOBEREREEOBRFE
ICAERBLTWBEEEZ OND, FlZIT Beije
SOWEICEINIE'T, 6 —IAFILTI/) 7=
VTR YF T =) (6 —BT) OELML
EY6 — ) AFINT I ) T 22 VT PR Y F
7= (MA6 —BT), 6 —(p—-(N—B—v
T FLF NN R FPT ) Wiz EHPT)
RYF 7YY=V (CNEt6 —BT) BXUF6 —
(4 =N=ERTY Sy Sy yyaa e
v (6 —=PT) IZ&k5F v MFETO UDSHEED
X, MA— 6BT> 6 —BT>CNEt6 —BT
T6 —PT CldB#H T&dH > 7, Salmonella
typhimurium TA98 T S 9 mix fZff FCOZLER
FEHDIEX (3 CNEt 6 —BT>MA 6 —BT=6 —
BT> 6 —PT T2¥HBETH 7. TITHM
YNt 2 RIEN & BE KT 2 ERF
HEDORVDITRINT WS,

EhYIC

UDS #Fite & BIFRMEYE OB Bk & A0S
DEL—FT B ENESMNIKD, ZOHET
BEEEMEORBENBE > /CEIAEVHD
MNERIRTH 5,

COFENRBENEOR, FRE0ELEY,
H BRE DI RN & 5 BIEEEEYE O
BRETHA D, £1cbsWEREEN L 2 mEM
MEIFERINIEIC, ZOHELLAMOBTER
BREORFICIBNEHKIET E2TH A5,

SROBEE LTI, 5FTHIE KBS X
5, BTHE, B, FERIC-OWTHENRI -0
T, IS, Rl B 75 LRSI
WTHHEEZREFEL T SERSH B, £5TH
EH BILEMEICTOWTIRTOBERT in vivo
THPRBEETO) LN TE S,

fthd DNA #EBHIERE, 7T IH Y B
ERT VA EREAREER S L KT S
&, —EIZZHOEY) (20—3088) [ZH>WTHEZ
KRR T X 58058 ATH 5,

S’ IOFEERNVTENLZTEZ L OBERE
JFHEMEORKRENTEXBNENS TEN, TOKH
B> TOWAHAEDOFTETDH 5,

COHEFHICTHTXEHEEAEAEDE
1EH18DT, L DHITRIERA T X0,

SE 3k

1) Rasmussen, R, E., and Painter, R, B. :
Evidence for repair of ultraviolet dam-
aged deoxyribonucleic acid in cultured
mammalian cells, Nature, 203 : 1360 —
1362 (1964).

2) Djordjevic, B,, and Tolmach, L. J. :
Responses of synchronous populations
of HeLl.a cells to ultraviolet irradiations
at selected stages of the generation
cycle. Rad. Res., 32:327—346 (1967).

3) Stich, H, F., and Kieser, D, : Use of
DNA repair synthesis in detecting or-
ganotropic actions of chemical carcino-
gens. Proc, Soc, Exp, Biol, Med., 145 :
1339—1342 (1974).

4) Stich, H, F., and Koropatnick, D, J. :
The adaptation of short—term assays

for carcinogens to the gastrointestinal

— 105 —




system, In : Pathophysiology of Carci-

nogenesis to the Gastrointestinal
System (edited by Farber, E, et al. ),
University of Tokyo Press, Tokyo, pp.
121—134 (1977).

5) Mirsalis, J. C,, and Butterworth, B, E. :
Detection of unscheduled DNA synthe-
sis in hepatocytes isolated from rats
treated with genotoxic agents :an in
vivo—in vitro assay for potential carci-
nogens and mutagens, Carcinogenesis,
1 :621—625 (1980).

6) Tyson, C. K., and Mirsalis, J. C, : Me-
asurement of unscheduled DNA synthe-
sis in rat kidney cells following in
vivo treatment with genotoxic agents,
Environ, Mutagen., 7 : 889—899 (1985).

7) Steinmetz, K. L., and Mirsalis, J. C, :
Induction of unscheduled DNA Synthe-
sis in primary cultures of rat pancreas
cells following in vivo and in vitro

with  genotoxic
Environ, Mutagen,, 6 : 321 —330 (1984).

8) Doolittle, D, J., Bermudez, E., Work-

ing, P. K., and Butterwovth, B, E. :

treatment agents,

Measurement of genotoxic activity in

multiple tissues following inhalathion

exposure to dimethylnitrosamine,
Mut. Res., 141 : 123—127 (1984).

9) Furihata, C., and Matsushima, T. :
Unscheduled DNA synthesis in rat sto-
mach —short—term assay of potential
stomach carcinogens, In : Indicators of
Genotoxic Exposure, Banbury Report
13 (edited by B. A, Bridges et al.),
Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY, pp. 123—135 (1982).

10) Furihata, C, Yamawaki, Y., Jin, S, -S,,
Moriya, H., Kodama, K., Matsushima,

T., Ishikawa, T., Takayama, S,, and

11

12)

13)

14)

15)

16)

— 106 —

Nakadate, M.: Induction of unscheduleq
DNA synthesis in rat stomach mucosg
by glandular stomach carcinogens, J
Natl. Cancer Inst.,72:1327-1334 (1984),
Furihata, C, Takezawa, R., and Matsy-
shima, T. :Unscheduled DNA synthesig
and total DNA synthesis in rat foresto-
mach stratified squamous epithelium,
In : Evaluation of Short-Term Test for
Carcinogens, Report of the Internation-
al Programme on Chemical Safety’s
Collaborative Study on In Vivo Assays
(edited by J.Ashby et al.), Cambridge
University Press, Cambridge, UK, in
press (1987) .

Furihata, C,, and Matsushima, T, : Use
of in vivo/in vitro unscheduled DNA
synthesis for identification of organ—
specific carcinogens, CRC Critical Re-
views in Toxicology, 17:245—277 (1987).
Mitchel, A, D., and Mirsalis, J, C, :
Unscheduled DNA synthesis as an in-
dicator of genotoxic exposure, In:
Single Cell Mutation Monitoring Sys-
tems (edited by A, A. Aansari and F.
J. de Serres), Plenum Publishing Cor-
poration, New York, pp. 165—216 (1984).
Mirsalis, J, C., Tyson, C, K,, and Butt-
erworth, B, E, : Detection of genotoxic
carcinogens in the in vivo—in vitro he-
patocyte DNA repair assay. Environ, M
utagen,, 4 :553—562 (1982).

Ashby, J., Lefevre, P, A., Burlinson,
B., and Penman, M, G.: An assessment
of the in vivo rat hepatocyte DNA —re-
pair assay. Mut. Res,, 156: 1—18 (1985).
Ashby, J., and Beije, B. : Concomitant
observations of UDS in the liver and
micronuclei in the bone marrow of rats

exposed to cyclophosphamide or2-ace-

17

18)

19)

20)

21

22)

tylaminofluorene, Mut, Res., 150 : 383—
392 (1985).

Beije, B., and Ashby, J. : Use of in vi-
vo/in vitro rat liver DNA repair assay
to predict the relative rodent hepatocar-
cinogenic potency of new azo mutage-
ns, Carcinogenesis, 6 : 611—615 (1985).
Butterworth, B, E., Earle, L. L., Strom,
S., Jirtle, R., and Michalopoulos, G. :
Induction of DNA repair in human and
rat hepatocytes by 1,6 — dinitropyrene,
Mut, Res., 122 :73—80 (1983).
Doolittle, D. J., Sherrille, J. M., and
Butterworth, B, E. : Influence of intesti-
nal bacteria, sex of the animal, and
position of the nitro group on the hepa-
tic genotoxicity of nitrotoluene isomers
in vivo, Cancer Res., 43 : 2836 — 2842
(1983).

Butterworth, B. E. , Bermudez, B, #Smi-
th-Oliver, T., Earle, L., Cattley, R.,
Martin, J., Popp, J. A., Strom, S, , Jir-
tle, R., and Michalopoulos, G : Lack of
genotoxic activity of di( 2-ethylhexyl)-
phthalate (DEHP) in rat and human
hepatoctytes, Carcinogenesis, 5 : 1329 —
1335 (1984).

Furihata, C., Sato, Y., Matsushima,
T., and Tatematsu, M, :

ornithine decarboxylase and DNA syn-

Induction of

thesis in rat stomach mucosa by me-
thylglyoxal, Carcinogenesis, 6 : 91 —94
(1985).

Furihata, C., Yoshida, S, and Matsu-
shima, T.: Potential initiating and pro-
moting activities of diacetyl and gly-
oxal in rat stomach mucosa. Jpn. J.
Cancer Res. (Gann), 76:809-814 (1985).

23) Takahashi, M., Furukawa, F., Hasega-
wa, R., Sato, H., Jang, J. J., and Haya-
shi, Y.: Promoting effect of glyoxal in
the two—stage gastric carcinogenesisof
the rat. Proc. Jpn, Cancer Assoc.,45 :
43 (1986).

B E

2 —AAF, 2—-T7EFINTI/)TNAL Y,

4 —AAF, 4 —TEFLTI/)T7INAVLY;

ABBEST 22 M2 B, ;

BlalPE ALY [al Bl b

6 —BT, 6—=SAFINTI) 7z VTIRY
METY Sl

CNEt6 —BT, 6 — [p—(N—-B—=vT/TFI
~N—AFNTI/)) Zz=ITV] RUUF
T=I;

DA, @@ F o,

ZHBRIA T, 2R ) LA

26— DAT 2,67 T2/ hbaer;

DEHP, U (2 —ZFIINFIN)T I L — ] ;

BEN: PxF)b=payY TRy

DABA, V7 i ) ZEERE;

DMBA, JAFIXN YT IR

1,1-DMH, L,L1-VAFIEFZ DV

1,2—DMH, 1,2—-JAFIERNSFD v ;

DMN, 2XF=bBYTE 7}

DMSO, Y AFIANLT +F ¥ K ;

,6—DNP, 1,6—Y=botlLV;

2,6—DNT, 2,6—Y=ba bl ;

EDTA, =F VL VY7 I VUEEEEF MY 7 L

ENNG, N—z=zF)I-N—-=—ba-N-=—}(oVv
PFETY

G, 7VAFH—I;

THTdR; [*H] F3 ¥ ¥ ;

HNqC, 2 -t FoFv—-8—=b/—a—
AR v

HU, e FaoFfooL7T ;

IQ 2—-73I/—-3—XAFINA31%Y [4,5— 1]
F/V,

— 107 —




r

MA6 —BT, 6 —E/AFINTI/)Tz=NTY/
R IF 7T =M

MAMAc, AFINTISH*U A7) —-NLTET—
-

MG, AF LT VA FH—)I;

MMS, A FILAZ U ZIVFER— b ;

MNNG, N—AF)IV—-N—-=—pFro—-N—-=}(mDo
T Ty

MNU, 1 sAF—=1—-=baVYOo LT ;

NCM, = ha Iy AF ;

NMUT, N—=bhaV—-N—-AFIo L7 ;

4—-NQO, 4 —=FkpF*/) >y 1-FF¥F;

2—NT, 2—=}bo bz ;

3 —NT, 3==hn ALy ;

4 =NT, 4 ==baMlz;

PCA, BERE ;

PNNG, N—7obE)LN-N—-=—ho-N-=—+|o
VT TP

6 —PT, 6 — [4—N—-EXRYy Y= I7I=)V]
T AR

SDS, NFVILEiBEF b U 7 L

TCA, Y 7 oo ;

TdR,. F33¥;

TDS, #ADNA &5 ;

Trp=P=ild BT & Jiwds & — 2 Fib—
5H-EY K [4,37b]. 4 F=J;

Trp=P~2, 3T EJ =1 =dFll— 5H—
YR [4,3-b] 4 F—J;

UDS, ~EH# DNA &5 ;

= 108 —

BURZRFHZ 9 : 109—110 (1987) YURTO L TEERO in vivo FHRRE

ARAMEMES—)

BAHROMEE

RITIZ1E > T, Ames 57X hF#15 ED in vitro
ERFEMT 2 MEIC X AERFEROBEE <
AR T v Mk 2REEOBEOHERIE, 159
CCIEDEFZREI-D DD, FIHIDZ AITHRE
INFcLH1EB0% LI E RN DB LWV D KH 1S
ZEiFRwEnwbhi L, iz Ramel 1+
DFFFBETHORONIED TH B, DL
3, BEZREWHEZICE-T, KBETH S,
INid, BEh7S in vitro 7 2 NOEER%E, <
2Ty bOFEMEE WD EM in vivo HERIC
BELTRVWIRWEWIEBLETHE EEbN
b, AV rRYD LTI}, WEOPEIMET S
in vivo GHIRFFEDERE L O EIF T, in vitro
IR BEOREEHTT HAlEMEZX - TH
y A

HZA in vitro @R ZHMHICLTWSE A
», AHDOXSN T2 5 FEIED in vivo GHIZED &
M1 OICEEE - THo AU, ToYUR
U Ll Lt HHO¥ES IEE S/ 2 &
55, COHMICZE S 12, EEITE, HHOH
HedI LIRS b, BANKEWEEM S,
FELTHOIXIIKBHWLTBWW ., BAEF
WOLHITND, ZLOBMEDEKEZ UV DIT
K LicE, BELTWS, UTFPLABIKILSE
Wo T, RREEZTNZENDHREDNS,

IREHDNASGR (UDS) &) (BEETE :
COHETIR, 1HIZEDT v b 21T &
NTE, REIX2~3B®IBONBEDT, XF
BOEMRFIETH S, K& LT, Bikotic
3, EHIDNAAKO LREZBITHONLITL

EAON 5B, EZAN, EHIDNASKERI L
TWBEELCTANTASE, Z0%L 3L So
E-F—EHELOIEBRMEINTVE LD
72, EWVWIHIDTHB, THIIAEERAV, 5%D
BEEDEHI,

2PRZ bIN)LiE) (IFRRE) : 2@LUED
BIREEE LAY DN A & k%t ->< 3
L, FOHEN, 101X 7 LAFRYD 1HEND
WEBTH, COHETRIETE S, ZOHLWVE
E, BRENVEF TOAELD FENZID
12, BB LWEWI EFND B, TH
ZRRLT <=7 2cROBELICBREIIOWD
T, DNARMAENREENCELT 2T FIC
EBEDITRIN, ZLOEREMT LIz, 20D
Hikid, b FOBREBERORBEROEEAIEICHE
ATZ5KEIEFHEMZE b > TV 5,

UMGRER) (K B : EWRBFICT - T, M
RBOERM, HARAOMEBESUEHELTHS -
T, BE% D It EEMEALICK DI, MK
HAE&(T, in vivo DEEIABRED 1 DL LT,
kD gthhkRERPS CE & i3 LTRET 57
A9, EWHHIRES F1z, Thhs, ZOhk
K BIGH ERVABHOHEBINE 51250, %
LVLETH 5,

(2 ZDZARy bR (—VEEH) : w7 X
DEEDEICEHT 2HUERBIETFENTOICD
SEAEE RO I AMZRAZE BRI ORISR
TRl s hi, BREBHEMEICOWVWT

=19 <=




444444444444444#__________i--.1----IE------__--‘W

i3, CORTBHR LD ERNAEOHEBEIIZD
L@V LML, BBEEALSVID,
REBEMEEZLBELENS CDORTESL LOND
5, ChIARREIniu, BEHCELTRE
DIEIARFEEITTS B aJHEMEN D B,

TRy blBR (B EF)  ~NTOfEE
ffC B WT, Btk EARERE 72 1LEE
FEREREABRE T E2HECOVTRNMDD -
7o NITZEAVBRHGIER, WEEFTORLAIS
FicH~R3B &, BEBRICEMT, BERLIETH
5, DT, 10BE-EILENNTERANT
TR N LA T — 208N I ETDH
bnb, COFRDHH 1 DOEAIR, Yav¥s
DN IO FHEYFENZERITHES L TH B9,
DNAZFOZELEFTTOT, EROHMA%H

UBCENnTEBESICEDDoHBETHS,
£, ZO—HHBN SN,

FHRIBANATERT, KERIHLVEN LY
EoTELIEER LI, JORTL KA
FRHENTIEBENEI NI, BFOLBOHE -
MhoTWBERS, BEIC, EHEKELD,
in vivo FARAZRRFER, BRKTIR, b3
EMIOWTITORTVWBE EVWIREDDH - 12,
HATHE RUARICE-TRASATVE
N, FEDOHBIRTH B, £ MIOWT, {Aifazs
o in vivo & DN AMIIEOREN TR L
TBIRBOLNBZANESVWTWVWE LI TH S, &
HDY U RITLY, BARBERR¥L2OHL
WHBICRIID I EZF->TRER L,

(€t P )

— 110 —

HARFM RIS SL )

fo.3

B3 CoEhE - EBHLEW S

>

BHIGIEILH BAFEMNSHLBERS

s\

AASAiLE#kE, £210022H 6240 £ THI01AEE ELRYN4BIEOKE) *RMEL T L7,
S0 THARZEHLSHZ LD ) T, SRATIRIRSh, BB LA TEAHARMSMENREL > ¥ — (K
) OBVIcowT, ROEZEL 7: THRAENC B 5 FRHEOHEE IOV T—RFBROTEF el e LT—, %

FLELT, ARKOBRFHNELBHOLELIT,

$7:, REIACHRETFEL TV A2ERLREROAMFHRF OV TBHLE LIS,

[a®E]

BEGZOMAI, REL»L0FKBHE, SEASWEECH
&, B% L ORE, B - BLOREIL K, FROEH
RTOFXRO L, 2 HHFHPICI DRI fTDNRI, %
B, BiH, 2IHFHIICEHAHET s aHarMEsh, =
ho OO TRt % H - K fTbns, 3 HHFHF,
HEEHAR, THRUSWERSSHAES N,

AROHFICEICHEZ SR, SIBAEE HK B
B) #BMLA%k, HircEasnsBHn HaE N sh
7o F12, F 2274 ORFHEEHREROWT, KT
NILFHEERERRZREED S SHOXE B st I2%k
T, CoOMEO R TR HOFHRIH L Zet ARAR
O FEBRE T H B T O BRGHA R IR & sl s,

BATHRESh AR, +~T THAREWMSFEAH, 118
FIFEL B shs T, FELHHOHEMICLED D, £
¥, F1IEBZRALTHRERF SN TE L, RUOKE, HAI
RUHBEIRD & 5 CRIRS h 7o RAUOKIER, S
W, Ao TREMREERIE, ~OBRHELTH L, BAIOK
Eix, BAGSEEDOFUMEAEBETFHREOFHLTH- T,
ZO% 143, FRERE (F - B2 OBRICEL, ko
HRCMA TRHAE L L ORMTE2ESRTHI L, RHEED
Wk h THEBHLE, (CEBRTAF - BRTHERTAIARL Y
Thhrb, 21k, COBGINLE - BRIV XABEHE LR
HaBROREKREHZEML T, HEBEAOHM AR LESELD

CETH Do Mt HEMTE A LW E D & B TR,

GrEFRE A O IREER AN E EH S 7,

NEOHIE IR, HAFHBEOGEBOBMEF - B & 0
- R LT B o0, TEET - HE) OBROT
B DE - BRLEOBRELEKER- TELH, 40, h
% NIRRT R, ESFRL, BIEO X IS KRV
PO - B AL LHIICLZbDTH S,

BHIERZD S b, ERBHEEREIEBERTLLOT,

Fhusib i, AMERL &GO TRAN - FERE - L8
RO AR OH 0 2T 57001, THIBOWREHE
MR, kB SN, BHICEHEEN L CGEB LR L,
ABAETIR, F7HRE0 TEVAHAKERENELY ¥ —
(5i5) ORIV T (B ), HAFRERED HArEICH
BRI OHE I DV T—KFEBROTEEF Lo LT—
(B, RN SN, 5 N BRI R o BIFREETRBIS <
R L7, Sho oM ITRCARTBROLEY TH L,
H2HEF % "SEMRESORZLRE, oW THHE
EE S Z TR AN

B KARSBRARME L 72— (IRFF)
DEXMIZOWT (B%)

MNMED & 5B ABEE % 1), EROERIZE 5 TE, bid
R EOBREDORIEAANTREZ - A0k, B, HicES
b Th o, HREFIE, ZOMBOEIELHO b O T
FTHIEIE ST, REGEEORELFEA L VETHEGOH
BEiicLTwid, 2O—20FENFATIRKETHY, 49
—ON BB TH 5, MiHERFEL VI F L HEL IS 228
b, BLRESIEMET SO —FT, ThERM LT —<
ELTREL, 4HDOMER ATV S, Bl ITERRERHE AT
Wit & ORFRTIE, MBOHRIIE RE->TWE, LAL,
BUHEAEOERI BT 2WEOHENHRIBH TEH VO
Thr, NIHSGERBBHE IS bHEOMRD LS M
Hizh DT, EHOBIZBOTHiEY — L L 2EHS 2T
LA EREINh TV,

COLHBBRCHLEE DY, AHRKSELIFATYS
A5, OIS EHRBIIED X, BIFKBICHLBHEDG
WICEHBT A S LidEVY v, — OO AEOHB
KEADE, ANGHCED TERZEREETF T2 H
B, BRI EEHSOMERIIE S TVD E>VWRE
Vo, FORMEAEZTAHAL L, WBBHOTTIX, BN
B#E LT, HAEORIERMEL ELHOHEFEADEZHOM
BIHESCEBDNAMEAKEVI L THD, ATRKEOMH
T, ERHHEOMRICHETY, TAVF—, TALF-LKHR
PeHE, ERBHESHE CREHRAE ORI S 2 T LA OB L LX, &
FOHMREIC L 5 HBH LMD b L TORRILETH SIS
bhrbod, 2oL aWEEKEEKSEICR LD 572DT

b2,
BesE, HeE, EWE, B, T, REFCDI SO
EORE LM IRRL T, RBRRELR, AR 7

DEREFRIELRBE Lo, YATALTZ /70T —%FV
FTHIENRACLEEER OGN D, 7AW SR &
W EG ORI ARD B RO MEMEABIRL T2 220, K
Mt 7 —odE ik, AXHERFERON 2 DOENE KD
37, AWEL Y ¥ —AOEBIHED - Tit, EEOREDN
BEOITEBELMFIL, HAOMMELED S L EEOGHEE
Bt B MR ORE % 5Hmi L, & A ) TR
& 72 o THBIROTFZE % H I HEE L, BESFFIR & v 5 BE#EDS
CTIIRBAIERT 5 X MFL 2V,

A HAERERABRIIAS L BRIV,

=11l ==




HABEICH T 2FRAEDOHEICDONT
—KEROEEF &P L E LT (BL)
ROREBIHECANEL L) LS VLRICERT 5 2 & H5T
ELhEVIME, FOEONKEZROL ETEETH L,
HAZR 2128V T L B IWESHE O I - oMo ED
FEERE I o TVBA, ThhoREFNDOAL S TERH
o KECHRICHEHBKT 55BN TV B 2201, HAIM

LEOANELERS 2LENF—BREHRE > TV,
FHRRRHEED DD —DDKE L L THEOHAEEOE
K, HKFROLESE X PLELTELDHHEE, GFhLY
AW PE L, FRTEFIC L o TEHAEL C RE 55,
A0 TEL, 3BBURESHICIGET HMETH ) Ratk
DBV DIZLIFSTE LI, DR TIRFERMOBEL S
CAIE LIS L9, REIMEEIC > TRFR (LWEZ AR,
A, EMEACAERIE) LIARMICRILAEE® 5 LEH
oML, 26K FBRIZB Y B AMERIZ O W TEAMME
EWE AT, KFEPKFBREONGEEHEMICRETL, &ET~
AR D ORI EBL TW S LA UETH S,

“HIREHEORE L b - LIEL L, HIREMREMILL, $Fi0
BORHFO DO ELXNL 2 ENBBETH D, HIRFEOLKH
Foft, HcoOREAH LM, —OOHFLOEFEMRTE LT
HIRAIRE R O LA D B, WP RFATE &4 MRS LT 5
ERICZ DA 2B TICBVT, BFE L )M
ADNFRINTVDESH, Hhh THEZ 2RI Lwm
WA RRT 5 Lk, ZoM%, ZoBBICEMZ LY
R ML XL o MEIHEL FRT 25 L, IEEOAEY
i, W%, XN, B, EEFEOILCERICbZ > TR
IETHODTH D, TOME L NEERIZEA L 5 ERR
W2V TH, FFCH VIR EEY HEN I EBRMRFOHO
PTHFLSN DR EERDZLEHNRETH 2,
COEFRIRFROLEL VS, E2LHITE->TIRYEKRD
Fs, BESH T b At THhARELEICL T, Bk
LT, $2KFHFHLTHENR LD TH S,

afAliE, HEFHRRBARIIAG 2B Shv,

L35 D FREFEORIAICONT

AT, BIIEEETHRO—BEIEATTbA, %
o NEkT - Wy 1, BHE DB HEwREIE Lo
TEEM b KBEICRAI S0 F L7, TRBIBHFEREIE, &
ALBEHOEMEMS & & 612, EPHOFEMAERIEE D
WA - BRI L, SmILT 2 0L BB ICH D
LTH56I)DIfEET AR TY, M EERICBHVWE
b rEswn,

nPB, BEEMTEERE, RO 0T - R AT
s bnta i LET,

BHEHS SERBHEORLZ - RE—

COBHMFHERSMICHRE S, SENRHESSNERS
DA 5=2%, BADVET, RbrNEFEHBHEORS L
BEOVWTOBRERRLALLGOTH S, BIMBHA
(Thett e RE), BSEWMTIL 1 (ReRE & MY, 5
2HRIERE  H (AHE), 554 SBOFZ (ANM), 18K ¢
(BH) DERAPTREAMRE LY 7T — <20 T
B L2, ShISHV T, 557 SHEEERE (BEY - PR,
56 MME 1 (WL RNEH) OKBREH,S T A2 FAsRN
=¥ (WAN
FTRTCOBIZE LV DILNERFEILDRETH LN, 2
DR - WERERTH 220, HATEHTHLEUTD L
Thib,

IHITO TA) & ™) oK, Sh6EMTLT Mg
Hy TR, WRORRE, #E (5%), OB
ERfb L 2k - @B OBEORRIC LY, FWRE - 8 -
MOEOTHRERECRILS 2 I EXFTFHREND —H, A
He, NMBN 2850 T 5EOHMI b+ ICAET 548 H
[E R (A
B, COAHFRBIEHNITENLTFETH S,

MEEA B RS 5% H B E% L

HAFH R EBEHEIER L o>, RRBOKEZERICER
¥ B 7o HRUHE R EIRE 23 0 Gl HE & & & 4T ) MH A
#wiish HME (F106 S HTHERH X PEREAT 3 —24—20 TEL 03 (40
3)2860) A10A17H, WMEBKEHREOAMEANLE LTET
shiElLr,
COMHRFED -2 L LT, HESHABREAMIZHI2
BHF#REY "HENE, LT —XTRIT-BET A
XL TBY, N, LS CHHEME 118 9T,
20RO FER (I2ZAPHRITTE) RUBERNBRIEt2ORE L
R (2 ARRRITTE) PFEShTwET,

PR EEFREICOVWTOHE

H A% 2 FB5R Tk, BEAI614E 7 A 1 HBECRE 0%
FHEFE (WbWwHE - HE) ORELEBL VT,
CoREE, EEOFRBE A O BE O EEKN % B
HBIEEBMELTEY, EELHBIIOVWTE, H5E, &
LTHATT A L kEtHiLTH 0 £,

BHBR CTRAL T 5 SERHFEFKICIE, B HEKE
EiToTHY T+, BobRBE L - FMREREK L & TlAK
BOAKEOLIANHY T L6, YHEREBERIHEEDH
TICHERK S L) BEVLEY,

O O (@] O (@] O (@) (6]
PNLE BN T Yo WA N ESEAE (FER, KatrWid)
ARBRRBIED HH 5 ¢ M dhd g e
ALk, 9A2TH MR O¥M, £ F—< & L AM#E Yo HUAKRYIH : ERAI624E 1 A17H (1)
WREREL A, B2RHOAMEBEIE RN L S ICEMEL * WA K TI06 WREERXAAAT —22-34

TWBNDT, $BDN 4 DBES % BB L 72w,

Y T “FHoAHEBFEEORE

w H B BRFI624E 1 H24H (1) 1385305 ~ 178F

W £ ¥ HAERSKEE

W EHEKRUTHE

O H¥HAORKE L HFEEOTE (KAHEN H4HB2H,
WA F R BUR)

O FMoameHFOAM (KB F H1HXH, *Hil
KEFBHEBIR)

O HGHFoOELEHFFOTE (L KHE4BIH,
db K F A -8R

H AR 22 5 o s Al i 22

SBOFEHBEOWHB NI LY, THEREHREIESZ LD,
FHBL TV I ENTE, bt Tsvidt,
B, WER - BHWALEENXHN T LALTLET
BHEELEE N,
T106 BEXAEKAKT7 —22—-34
HEZ2HSBRLBEEHR
(H ARy 223885 Jay HE 5 i)
W& 03 (403) 6291

—112—

HAAXZiiz#EL L Y

No.4

211 FC D24 & Z D F)aEEH:

AEFI624F 2 H

HAEM ML R ER 2

AWML, WEE O A2 B, 5> T B AV o1 A H R 2 B L 2 L7,
SEO THAFHEHE LY ) TId, AWBEE RIELOFEN, ORBNE & BAEN2EOE
B 5 e 3 ) — > T B —EIMIE R 50 Wi J F R A JEE U BRI 2 412 3616 i ERR 2 3RI= D T 51 5

LEv%

7, FEELI0H, $101EES THRE Sz THIBMOMEHER N ZER 2, FI2 OV THELZ BN

L Zi9pe

DDIPIDIMHINNINNINNINNIMINIHIN>MN>-NMNMH
DBEES [21tHE 2]

AL#iE, FMORRLERICRITT S &\ ) HA¥EM
LHMEOBEIZH ) HNFEBHN—IWEL T, 9 A27H,
ALBHBEICH VT, LMEES 21 0¥M | £ B
0% 7

IR, FIMAE AN EEOVD THOLHBES
Th-72h, BERERERU—MTH RS 5350 ALL EAEE#
L, BINEN 5 bic#T L7z,

HWiHIL, 3SADEEBORIEE FIUCBLE T 2 HBEICE DS
bz,

FFRAIC, EHKERE AEMSHMEEY [ b
B¥odgz Luwad ) FH] iconT, 18554 FELiFFErrND 7
P IT—DHEERL LA, EMBBOBESHERL
M E iz, 21RO R RAICE S E S T THEND T#I
LT, AOsahn, CO. o3ghn, FFRikaek, BiE(L, B
GDEYE, HMOEXDMBEEIZHOWT, A 74 F2KZuh
LERAANLN, £ LT, BEISEERNO S HH
P BREEAEE ICIREET L L LIS, F(NRBUEK
WTERZI->TEN, ZITHEXZZ L AHEIICAIITS Z
LOBEBEML B,

Wiz, AR HAEM M 1 IR (BAHEKFEHIR)
A TAEN S A X AMOBERK] 22T, HENAEK %
WS L TR T 50013, EETAMOME - IS RUA
CERZPERATEHL—F -BREEVIVEETHEI L LY
12, EEOBEHELZMIETHICIIE TR - OHEBE»
b [HE - GEE2ED | OEEBITSEELEEI RS
n, 21Rgic@EiT T, 4, HEHEZVH»ICLT [#H25] »
Tix%<, [BT3] »H»EKRKTHB L NBHL.

Bigic, AENTHEBEAENSERE4THSA (@BALX
— B ERT ) AF [2EMTAFFEIC 310 2 ERRME] (2 ow
T, HEBOEMTE TH 2WEERICRFEMEYFOSEH
PHRLICHEHENMERREYBETIZ T, BIANLX—YE¥ENA
b FEBEEOMRICRERBAYATTRTH), EHE
EEAMENEEE L > THRHFICHOPNE) ZEHVER
Tharrixbiz, £L T, BE, BHETRISEO AN
HRETH 5 H°, KiFF IS L TR T, BREL
B o nHREZICHL TLELIRFLZTTEL, HS
TRNBLHICHBMITLZEHLETHB L NBL 2.
(B, ZORBLOBEARTIZ, BENEBE2HELT,
®h B A2AitE M2 S Wl E N E . 1 ARERITTE)

CNLS A BEFEMELBIBOLHBMEIZ, THREF
E2~3E*EBCBBLTVWZELTENET,

ZEE SRR3R

ALz, A EHFRPFERLHEMEIC BV TEENE & it
FHESH, FHUICE ) BRAEORERMOEAB L RRIZEHF
5452 2HBYE LT, BBRSSFEL &HHF 2 »E %%
ATREFZIREL T2, S8FEREICIZT 2 ) #ERE,
2L — T, SOEREIZIT F A vEHAE, 1 FACT
HAE, 60FEEICIIAT—T > EEH, 24AFEEH, 2L T
44EREIZ11H158 5 5248 3 T7 7 > Z23ME~, F72,
128 HA» 5 14H F TRKEBRE~NLE, BISRUT 74T
DHLREIREL 72,
| HA¥MESEOBIIMIL, TOEBIHEICHL LB,
[2#MF7e o ERR R & BRI DML * 2T DiER)
DEBELHEN—DEL T3, §EILZNEAIZIL - Tih
RE FERERE & DM TEL At IT b L2,

SEOREAIZ, KEEICH W THFERINERSHE *
$H2 4 2 ITEOEBE, BRZERN, K¥EFLZHML, WHRTRs
Tvy, XS ICHRMENBIRE & WmE O ¥MEFR & £ DORE
BIZOWTERE1T- 2.

77> AT, HIHEOMBEIZ OV TBLAIEL, 2
DMBIZ OV T HTHREL 2B RAMC L L L
ICHEBRORREITo 72, ELIOEMEEA 2V —P 2 F-
77 ARVEMB¥HE L 7 —T [BXEOBEOH
o BRI O W T B EA T 285 ZTHusxL, &
ENDT7 T > ZADFEHEFRPERNEEAOBE.LOEmE ) 2K
L, BOLBERERIITONL,

WETIZ, BORNEXDORERE L FPERMOXE OB AL
5L HARMEEOEE & iE8) £ T, o E MRS~
DEMAPECHEND & & LICEMHROMEICE T B0
By &M THEN, ROYEICNT IHEIENI L
R EEL 7,

SRIOKFEIZ, REHAOHMBEZTDLATLH L, 4%
DOAEFE & DM L RIEBEORRK, HHR, KRROREL
T, BANNLH L AT EMRR L AR EBORE, BIR
REFENHTAMBICEND LOTH), M2 T, I
L ORI, RAYEDEMFROEBLHR - I DEERE
BRUFDIRFHIFTCEF LRI T E2HEOKRE LRI L
LTIRIDLD EAFE NS,

— 113 —




BBF62FE EH R EEMRZHE

FrHo 2¥OFIFHEH» MR EE 2 KT 2 BRI YE
YL, FOROMRERELZIRL, KrEOFFNE ER
EAEY, 1TH, EXRUVCERAEICFIY 2 KMEHES
L #HBYE LT, WBABELEFES U4 0
WBMRERELH LY - HhE L KEEEL T %, EF, E
Nz B W THABBOE#AGE, F 72, HAREEPR
LA VI 218 T\ 5, BBRIG2ERE IR 4 ERF2H#
*Ff#ET %,

FEo@Mron—HRASH

BHE®A R BAFN624- 5 A17H ~22H

BT Wl (it ¥ —Hh—I)

HmE% Es 3008, EAN 600A, & 900A
(367 ]

HAEREK @HE AR ¥

X oLk, E¥ BRBAORBIEELCEELYRO

FHELRIRE & fKE, FEIBAROITRETE & AR, Kk

A bEa—F EMBFCOVWTHRER LR LT,

MET¥ORE#*X2 L+ HE L TWv 5,
F18EERYIZF EFH
BRfgE®AE  BEF1624 8 H19H ~26H
FAESAr  wEb ([E S ENE PR 2 6E)
HmEH Es 600N, EWN T750A, it
[387%:[H]
AR @B AHFEY S, (ICHmEYS
X% Zoofikiz, BTA, BTEKR BEY, BEED
i, RBRMRCCHAS L EEEA L L,
RELEHHELITY, REYWEFORRLNLZL*H
e L Twvd,
FEY - HEUFERFESFIZEHASE
BAfE®AE  BEFI624 8 A20H ~26H
BREHAT #A T (FF ERR2#5)
HmEH Ey 1504, BN 300A, i 450A
(224 ]
MK BARZE¥S
X e, i b, BREEM—RESULMofEE
MM A FEEA L L, REENoRRICHS T kLR
FE, BUCHETEY - AR ST F o RARME, ®iE
ANz DWW THRRER L FREITV, BT -
HET¥ORBLAHL L2 HBEL TV 5,
$ 6 CIEBSEHHESR
BAfEIE  BEFN624E10H 7 H~10H
BAfEISAr  SERT  (ESL s ERE R 2 )
HmEK% EY 250A, ERN 400A, i 650A
(567 ]
HEMAK BARLIHEES, BEAEHRFESES
¥ oLk, EREROLHNHHHE, SHHE
PFEEEHL L, IRRKLAAREZITV, 2FHED
REARLZLXEMEL TV S,

RO REERIEAR

HA2ML#HE, EFEI0AOEI0IELRICH VT, [
B (55) BRLNBEICHOWT (BLAY) ] n—8% &K
EL, #rzie MMROHARHERFHIERS] 2R/ETSZ
&Lz
[(B&Y]

EBOMEL +ICRBEEDL 2D, HEEEHIIL
(BMMEN, FHTHEL2 L ->TCHRIITHONT, HRE

1350 A

DR, NEOFB X L LERICITON D Z EHUETS
%,

MRS 31T 2 E M OIRE D 72 > D MRS I DV Tz,
FOLBHIZIE L TWEVALLHRHIEZEZ LN TS H
W, HURICE 2 oK, HEBBRUEEROWEES
125 A L KRR OB AR, FRREETFEMB & g
TH2DHBLERRT, »OFNLHRTHSHH LB bn
bo Tk WK, HIBOWEICBT 2 hiRangg
BELRTRETH S,

FHMARESEICRET A7 — AR
IZoWTohHEBEEW

HASMLSEEIEBEEHL T, BB ITLES
DR & L THEMFRBAE DB & T DRLE 1T\,
GHDFEMFRORBIZEH ST 5 72012 [FMEFEHhE 2
BId 2 E#E (Fr) ] ez FEHELL T2,

Z O ABERIZOWVTIE, F9mIFESE (BEFI604-108)
TE L 72 BIEBETEIC 5V T [FMF RO BEIIZ -
WA EMZ, ToORMLHFRITELZEEEL
Ea—D7HDuHhWwa [FEMTEE] OERO TN 2 &
e EENLNTHEY, KROFEI00EIFEE (FBFI614 4
A) I2BWT, COBBEZERTLIIEXFTRENE LA,
IHNLDBENREICETE, HEFENBKRINE, ERE
BEZOWTRHAELTE-EIKERTERESTIZ, A
e D7 HNEK %2182 BT, ALRNELLE - HRE
#WERSER B & UMK F IS 2 FMEF 8
BT a7y — P RAELAERMTEILICLE L,

SEERTFENEATFIZ, AX - HERUHEHRH¥ L%
R4 Bf D IRAK 534 & BhiE O B9FE 2 B8, RIS ORHE S
THo2 ¢ 2BIELTWE T, TNHDZ L 2BYNIITH
72Hizid, ELBEDOEMOBEEFNITARLIEIIE I F
TLHN FHAD, BiIoFILSINZ T, BRI HEEMESHE
DFEEDEBEZ KL TV 2 &FRMEBIZ b 72 5498300 %
A 7E AR R Of H E PO E SRR R = L (SR E S
N 721800 e AR E R & (ZFR23T0A) n#Etn 1, #X
BHARFEELLMLETHDLEEZTBNET,

Lk s %832 T, 74— #AEDBAKE L FIE
L LT, BTE, £42H  -HREKZERSZRIIT>7—
FRAEEARREATH ), BEI624 2 280 # KEUIHH
LLTEEE Y LT ET,

% 7z, ¥MIFRFAE T Ty — F#AEIZ, 3A
FACKET A2 Lz, BIEMYIZ4ARETELTS
NEd,

HBONEIR, SHAKSOWEHESEL E2 5 ETHER
FERL WAL tBunzdonT, Toyr—#AE
EHXBFIFICEE F LR ERES cs2nE LTS,
FEEROEM SR, HEBE LT T, @BAD
1AL BBV 2LET,

E¥O¥E-Heo@B Iz LY, [BEREMSHES L
D] 2BBL TR EHNTE, HNHEITE
WwEI,

h, HER - BHWALEZErbN FL2b T
FTEFE(LE N,

T106 WRAAAT—22—34
HA¥MSBMLIBERS
(B A% LHRBHRDEHR)
®|E 03 (403) 6291

— 114 —

HEXZFiisgdrL Y

Hi G RO BE JE R B R O (Bh5)

No.5
FEMTHED

W (RY) I

BEFI624 5 H HAM 2B EH S

HAY2MS#kz, 24 H22H82524 BEFTH102EES (E 3OS EHNESR) £BEL
FL72. 4E [BAXMESHEZLD ] T, SRETRIRSAEE, BEEF2H0.02 LT, [k

RNBBAFTLBMLELE T,

a8 &5

E2TIIZDE 1 BHIZ, £2E»L0%6HE, &FE
SWEICHE, RAULEXOWE, #E - BELFD 6 >N
EH7uEqN, EHOFRIPRICIRE 14, FiRIZEHET
FHELAL E2HBOFAETHRIC3HY, $3 HEDFH
I 1 EDRELITbONI, b, ¥BEHTHD 21 H 44
IHEASHESHBIEI N, N 5DRGD TFMAY LM, '
B iThbh, L2 HEHNF®ICIZ, NI ~AITTHOT
ANX—RHE] IcoWTHHHAF#EY, B3 HBHOFH%IZ
BENEFNOEEERS, HFIERS»BES N,

FoRenEIEEIC, icHixIncLIEFESR (FB7
MEME) # B TRi#2#EFo%, FLoicEREINL
BEASRI»BMEN,

F1HBHOFAIRICE TR [EEEMLHES] o5
125 AMoO&EE ExERY [Z 25 ] n@FEoRIE, i
DB OV THRAICRET s 72HiIc [ - 2 2T
LA rF—72—2 (AMEEBEREMLME) BHER
2] *BEIT DI LHVRESINZ, SHRIKRTLEIAHH1
FMTH), ZOKINBRSIEHrLERLBHEL THE
LICEB KLz, F2BEBOFANCIE, T, 1%
BERLSE TRIFEINTE 7 [BR¥EMESHEEE A
BT A2M] O—HBEHIRIRE Nz, KIEDE—II,
PERDOMF X LBO LML I LFEE L, KHERSYZ
NEMBET B2 LELA2ZETHN, FIZEHEENRSH
HENEFEFHTICL > TEA ML EE T NEBERICIT-
eSS 2 MRS LBDLDICREZ EICLAEZETH
5, RIZCEOCHEBERSHVRETL TE - BEREMESBEDOAT
) BN ZRBENDEMICBIT 2 NROWEHIFIRE N
2o THUE, 4 F TEBR¥EMEZHRBEICOW T, [HAK
Al TRERKE], [ERESHEEM-%2], R [ZEM
HEMEZHR | DEMEHYH-72h, T b2 —DNONRHBICFE &
DL THY, FLBOITH ERFEMLTHBENOREL
45T, LELZHCREZHZFRAZES, TH, 4
BEOEROILT - BLICEH T, EBRHES~D¥EMHE
M2 —BIAL TR I ETHHEZHILLZLDTH
%,

S HICEFBRSTIE, MMIREFFFRMBE (RFR) HEEILIC
DT (B14E) &, TKR¥EFICHIT3¥MTHEOMEEICS
WT | (BY) OfREd, "TFNLERLKRICENE,
RESHTHRIREN, EbHICHMREKERSBIREKE

FiIzEfFE Nz, (INHOFHMIFNIEMBOLEN TH
5,)

FLAERETIE [EFEEME AMoOEGENERS ]
FHEEE - HOWIRMEICMET 2 R - 20N RET L2
LIZBAT A IRENITONZ, ZHIZERSIER 25760 £
100A» L ERLZENTELLDTHH T, BAMIZIIMK
FEEMBEAIEL T RETHLLEDNDERETH -7z, BE¥ME
HORMIZL UL, ERESFOWMELNICRET S
3B F LR EEEREOAREILELTEILIZLH-T
BN, ZOHIINNREOTTE LM Lo L L THESICHR
RENIDTH72, LL, ZEDEEHICHAHAIE
R, BN PROERHEC, MARKOTELE #0542
KLLTIRY) TIFon, REeTZoMBE2itwmT s
L%, £2 - 3BEEOWMBIZHZNERLFHRIITHLA
2z,

[ i BYRRF FEHBA D AR IL (< > W T (EhE) )

RAE D EBERERFHIRO KM EZ —FEDH B 21213,
EHIBOM X FENL, HIBOKFEICE DS ERLER
XMIGETTREIC T2 &G ML LFud i s v,

ZD1zHICI, B KFERH M 2 iEHb+5 & &
LiZ, HIBOMRELCICHESHEHFICEIL 2FEIZH>»
THRENL 7o 2 7 P2 ERMLIS2EB LMW TILE
ThHb,

INEERT D223, BATICHUREIFF 7 (M
Btrs—] Lvwi,) 2B LE»P D, T
Z—i3, MR L iEH L 2R Z DU IC B  BE
THHROHE L L THOBEEL & LI, BEFOHZEHEBIR
URBEBORZ B2 THREOR R ZIRE T 2 B+
LobnThb, - THuREL> ¥ — (213, HHEICHA
L2 RBBIoIARE 22 2 LEI D S,

iRt S —DHE - NEIZ, FHBOWRENHE
- BABERICL > TRL D, RowWTFr Tz
NELEAEbETEE LD,

A HRHFZE (area studies) 2FE & T 3L D

B KEKEFASELMZ LD

C H/RINDFFFEH 2R R U Z DD FFFREEAE %
Wz3dLbn

b, HEFEIZ, EBOMILKFEZOHERES, FHFIC
FIRALB2EMOKEFHEKBMEE L, EAT, EXFRICD
HHICHA» N7z L% BT,

— 115 —




ARFEFZCEUAFMPEOBRAIC >V T(ED)

[EA ¥z 58, & IZIITIRTKEDH D] Enbh
o K¥IZBWTHENZ AMHEEEN, HAI»OHE
BB FRiE B %l L CHMir R L, &t bh e S 1L
L b, k¥id, EREOICL¥EMLHKRDE
ELT, EXHROBHAL FRMDLzH I AN BEELX
HERLZL T3,

Lo L, B, HAEICEH TS K¥2 B0 E T 2 ¥MHF
T B I THE T NEBIZ B2 T 5,
i —oIiREOMKERIC L - T, BITOBMBEKRN
Al A D98 W HI#IC e > TW B2 6 Th D, BRLnMES
BUGL 2% M FH 2 HT = EAER IC RS2 W8 i- 72 -» T
W, L2y, ZOUVTFARIIEHBICHMEBENSODOH 5,

XAEER E L THOEZ %, ¥2MOIRRLR S 72612
3, 9, K¥EFICBUI2¥MTFHL ZOBBWX 5T
HBY DM CLETH D, TDLHICII¥EMTHEE
MU EICBWT, BOTFHERD — ) > IDBIRE L
T, 45 FHOMBETEZ KETHEEL L 5 L 5 5% <
BT %, 48, FERRMY & RO HAR¥ENHER S D
BETHRICOWT, HBELLEL 15%MmMEE, 5F
MTEML, EARSIOKRE~ADEBRDOLHIZOWTL,
BEOMEERE L5 HEEE 0,

BRFA#E-21 tHR~mMI TOT AL ¥ —E -

ZoOHMETHRIE, SWRBEBEI N [RFE - =2 LX— ¢
AL - 4R - BRIMFFHBRE ()| DA /s—hig
ZY, BADLHET, KHNE 21 HE~N@MITTHZ RN
X—MEORLLBRBIIOVWTERLRELZLDATH
b, REHMKEE (= X —REO X Fe#K), %55,
TARERR LZEBE (= 20X —HMBEOHREE & 5%
K), H5EEIEFK URFHOREeM, FEEWLIEI
IR I D W ToRFEENE), $ 358, = AKEEER
AIRMRE (BB L AL RIFE<FF-HB>ME) o
E2RPZITNTIMAEL 2V 7T —=ic oW CHIBE* 124
L7z ZHUCHIWT, B4E, —AERSEME (B
FIREIZBEE L T), H5E, = AFERILOMKER (KiF
FIRBI-BEE L T), B78, = ASERMGEE B (@FE
FIREICBEE L T), #2865, —ARKERIIL B (LR
BICBE L T), BAABHFET (Fo—rs-F2v-
a7 74 (ICSU)) D&ELRL LI 4> 2B &1L
2o B, HFESRDHOLE2ERIN HELE, $75
HHEMFERSHE, B5MUOMHAKIRSE, P45 &
SR, F2HWM WELRE»L ALY FHrRHEINT,

TANX—REIZ LS ICBLE L Tvw 325, Xfbe -
ANXE—IZONWTDIA AL FARLNLL 5 oDIZTEL W
TETHholz, OEDIRE - RIHENHNR - HREIZ S
BTh-722% HLTEHNTBHEUTOLS THB,

AR A Bk, fEEBAK I A0 ML, HRT &
WX =LKLz, ZORERBHEERLKAFRY HOEE
HHBE L >TE&72, TNLEELREL T2 2 i3l
TEETHD, B FALX—H L BRI ALY —~DOEN
EWRNFELED TEIAINLX—(LE3h 2 2 &, EMEY
A7 & > TERKZERICERL, »OBERWMTEC
B4 2MRIZEETH S L, AlREIZ, BET oy
(b Eidavy’, MTHEEEEBYHEMEZBERL TR
IREHE 2 Bed 2 = L RFAI s,

HEBUICBIELTI—H—(NEBE) D

BRI ERBIE IOV T(BR)

tHafEtt - H2REMEE TR TIE, %, frE
TRE(MBELEIN T L >y T 7—H—DMEIz>
WT, 2A2 HEEKEICRIENERBLRB L 72,

BRENPHOEEL A, R E O,
“ENET FETHLO0MITETWBZ LicL, 2
DN EZTITELODANME L THOBEIZT - 72 il % 48
I T 77— (R, FEFLERRUOREEMEL L
DE—=La « NI — ([ZHAT DHFEDIE N F) DHPIH £ 8y
LML, TOHEMMEICESC RIBHIELESL Z Lot 5
THEES, SLIZROILKZEELE»H D, &EIL,
¥R, K6 » ADER & F A7 2 FEMOE AR
WMERMHEL, L ZOWBIZXIEL LW IHBEHE LT 2
St THhHb.

WENLBEICERILDEA TWBER, HZIF4 X
2, BFAY, R72—FT oL TRERALTWBZ LT
b, G, BHEOEGBILHEDBELERL E2 2 &
&, “RNZEENnZES,

LI, BRI BIIAY TV —A—OMBIZ FNEE
DR DA % BMIELU EIZKYITH B, 4, W
bWD “ENHE AETLZEMEICBNT, FONEBOE
NHH, TLTEBRLVILDTIELWVEVIZ ETH
o TDADLHIZH ) Hillid, BEHEEEKICHA DL,
SHH LT RIZAH > T, Mk TAML L X 2T
AT 2 e, WETHD., Z0diciE, MEN LT
7 — A —DREY, BEME, REZFLTERALOHKEEA
HMED, REZEDTELNWLDTH B,

“H, UEotEiwiz, @i - HL&EEIENER S
(H1mZJER) T, BFHEREZBEIZL, 2 EMD
BRETRUBESE 12 H 9 HIZAT- 72 8B > Ry 4 [Ews
HHE L84 — bt 2| (BEH 200 4) Ditia» %z
FLEDRLDTH B,

BEEMAFAE VHIEORHIFES
FMARAEOERIZO>VT

HAEMERLSBRDBRICHEDL-T, [SEHOBHE]
EBEL, TOHMICLD [HBA] 2441, BTl
52 L 2HLET ZFMFRAMKIE, BT L HAENLR
= (B$%] 2T 2LE»HNET.

(- T, BI3MICH T 2 BER¥EMPFERKL, 814

M BOHERD 72 > D BSFAEMF AR L % 5 7212
13, ®HTHE 4D [BEk] »LETT,)

FEUMEOHBD 72> D BERFEMFFEFEK L % 5 72
HIziE, MENHRRNIC L 2 [FMHFEFKE skl E)
Z, BBAN62FE 6 A30 A T AE¥HESRSAHBER
RICHET AL CHRBLAITIUTZD THA,

[T 7R B sk R il | 13, ATEDORRR & K D
NETNT, BEA¥MSBSRHEMEESICHKL TR
v, EETEMNLET,

EROEMHEREKOBEE H112 & D, [HAERERS
LN | BB TR EHTE, )AL
IEEWET,

%8, HER - BMVWEbeErxbNFL22s TR
FTHEHFELLE N,

T106 #RXAAEKT7—22—34
BAE¥MSBLBRERS
(B A #M 2B [ B R)

T®EE 03 (403) 6291

—116—

HEXZifisdr LY

No. 6

VO . T — 7 x— A(ANH &
mE M LA )RR SRE E 5

BEAI624E 8 H HAMiLH I MEHS

HAEMSHTIZ, FHITES »BMRES N, E8HL6HWBL E L2, 72, BAESY (8
T634F 7 A22H £ N 34M) SEORBEFHREVEDS LN TV E T, SED [HAEMEHES L
N1 T, TNHLDMEICHIZ T, RFEREICHIME X N5 ILFE E#ERE SR L M 7EEHE TR 2

HEIIOWTBHMLEL T,

R RATF LA E2—Tx—RX (AHEE

EREMMEMR) HNEES

B AT 25813, BRFN624 4 A 010221235 THr
iz =y 2254 - 4>9—72—2 (NMEEER
wifbtt ) FRERE) #H/EBEL 2.

BN ER L xnRELEEIZL ), BoH 22
WhWE [EERMLHS] W5 I ErTE2, T4b
L, SBHSNEFHT, (L¥ 77> P RREFHRENSE
KRLNDZEX (R T LAOBEKRIEIFAETG E & Uiz,
OAMBLLENE S ICMERMOARIL)F LR > T X
TWH,

[EEHEMLHE S ] oW Tid, B 2723V 7
b 2T 20203 2 AMi&#A, KDL DL KIRIZE
fELTHY, AMIHZICEELEHZES L5524 -T
ETWd, TNHLDAMOBEEZEBL 2D RET 225
ICEHNA 2 —7 2 —ZRHERETE N, EMEn T3,

INLNDA 2 F—T7 21— RIF, \M— AT LRNEM
- HeMiEHL LTBRHOSTEETH S, -T [BE
ML) 2HFF - RBEEL7201203, ZOHEDOH
7, ARV S%ETEITESANCITbR L ITIUT X S v,

LaL, BEIZ: [EmERMEHE] 2535 [ 27
LNEKRIL] X [EERMOARIL] 2L T, ARIZME
AELTYH, #L22 L TYH, LFLL+HArHE - ZEHS
TETWBEIITRZ UV AMOEEN 2B 52 AT LH°
BMANEKRL 22 Ei2E->T, 2->TAMELTHE
HELIBETIAL—BIZELTWE, FOER, bW
577720 ZDKEIZHE-720), Ak L 3
ASBIGRIC L FA L T3, T4z 72, ARM—
AT LRDE 2 —=r - 57— 2L B ABHO—RHE L
LToTwd, 70 [EERMEHE] »oBMNDBENE
Bl 2 Azodizid, Hz BB L IRERAY 7 A58
TTBHEETrH8LALN, 4%, KELHLMEEL2
EHMTFRENS.

[EEHM{EH S]] T2, bk 5 sMEcNT 2
MME L D LI TFRHROATA, AMMEOEIE - #iFn
%2 ZH T, +oU3Er#wELN B LEHIH D,

PLEDBSEIZNL - T, ZD & 9 B4 ¥BBaH» 84
BT T 2 HICHRNBREL2Z®/REBE T L & L2

HASEM SR B3I, F20EHHM L2 1 EL2BTOA
2% 5> TwWa A, ZOMBOEEMICEA, Wb Th
SHMPETEZ L L2

B A1 5 3 = 538 HH ) B

HA¥M2HIT, 210ADE&HEA2 L > THEE N TV 2
A, EDOSRIZKDOFMEIZL N BN (B 2z, 5
RIS R IR/ BBFN634 7 A22H A& 3 4EM]) %%
HHER) T DD FHMEHIEDLNT B EZALTHD,
(F #rAtRE )

1 Z2ROBEMELBEL, RUHBA (SHOHEMIZ Y
7:%%) AT L L2 AL T LM RRAK, B
AT 2RI BSR4 IR 5 (1629 6 H30HKRE Y ),

Hi T 2581203, ZO¥MHERENOEL & § 2%

MR 7RO IR & B 2 e AS B R S 4 MIT 2 th L
E b v, BT SN2 FREEER 227 (B
MAEERE] (3B88) ThH5,

BLEMFFEEAE B R 212 & ) X9 X 172 005 72 o) Sl

(LAF T¥EMFRMER] &\ H.) Tz, 2EHOBRME
RUHBAZRBITHL Z L1243,

2 HAEMSMERAHMERESL, oML EEL,
X DEMHR IR FREDBM 47T LNTH2 L &
I3, BLEFREMBR 2 ZOMDOFIHL BT 2,

BER S N W R BR AT B SR E M ek T 5,

3 BERFMFFE A AR I 2 BRI EAR B R 2
Bhd L&z, HEEMSESEIL, BERFmiiFreHk
NDEREZFE N TBLEMREER TR 24 RE (58 T2
(11A308  TIZH&E) .

4 BSEMIFREKE, ZoOMEETHIREEN S L
e, SRDBEMESY [FMFFREB] X i8EL,
HASM2HICE T2 (BBFI634E 2 A 1 HEWY ),

5 HA¥MSESAHBEHESLIZ, BHEsn2z280
R EVRRDRIEZHETLIETHLH» Y H) »lET 2,

6 BHEREMFRAKIL, TOWMKBETH 2% ENS L
b, HEMAZ [MAF7RMEE] Lo L, HA¥
MiekcEITH S (2 A20B4810),

7 HERE A, [FEAMNEFZEREIR ki, HA¥MLHKSH
HBER2)» 2R ULRBLAETLLREL22ED
BHED ) b, RRELTHBIREERUHERD
SRELTHBTNEELEE - RET L (5 Aha~6
A k4.

8 HMAIX, SHLL THEBITNEERUHBRNLAL
LTHBT~NEHEZ2, BAEMSHLEHL T, AMBE
BAEICHE T2 (6 Ada),

9 MNMREKEIL, ZTOHBIZXOWT, 2HAERT
% (7A8228).

=l =

—




B3 EEHRFTHEEESH

Agziki, BEFI28HELIEEF 5 Uia 4 oy MBI tR[E
P53 & B (R Mr i ZE 1A & SR =M L T 2 5%, BRFI63
FEEIZKD 4 ERSEL BB CHET L EL
72, (BRFN624: 6 F16 H (KM T #%)

EME R EF S 6 O T

Bl i #1 R BRFO634F 4 A 6 H~12H

B i 35 A D BAK¥ERME (RAUHE)

i M K BEARK <He e ¥2
FOEEHFBRMIT ¥

B f# #i R BEFI634E8 A2 H~9H

B & B AT KT Lv=a2—AF4F=(ExHE), EILK

HEPR 2 fE GRHEH)
i A 4k LAk¥E, BAREYSR, LHI¥S,
HABWY 2, WR¥s, BRATHHE
% 8 BIEMAS ¥

B f# #7 R BEAN634E 7 H17H ~23H

B f# %5 Fr ELRESEPR 2 GRERH)

g 1k BARGW¥ER
%5 OEREYHREFER

B f# #1 R 8BF0634F 8 A20H ~27H

B fi 35 A ESLERERR 2 fE (GRERH)

O M K B AR S, H AR 2

BrEOBHHEE >V T (BR)
—EF¥MEMMY AR REREASEE

A FEAEETR 213, »laTHHE & HREE & 0¥k
B IT2EBHENEEIZ DV THBLEFLEEZ1T- T
E727% MEFHEREERSNREL HBEFRERXED K
HIZBET 2 PHEIERE & SEFIORMEICBE T 2 AEIE, K
AEDEBFHE MR OB@ A HDEBLE 1Z - &) 72
L LT, BOWBBEDEETRTLDATH S,

BR (E8)

B2 KK, FIERMIERRIEOERTH - 72,
ZOHMICRT B2, BAEIZFEKICH T 2EHEED
IRBCB S, K¥EICHBITAH¥E - HNTOHE - 2L %

RKONEFENTELZ, LHrdic, BEsoENHK* RS &,

LD K@ ENZHETT 2 LDHMEZ T B EFEbTL S

e G EOFEEEIZ RS LS NERRFEF R OB L,

AR 6 PR F T 9 FER D FREL 0 BF R B3 BB AN43 (2
AT 6 ~ 7MDK, MFEFRICE VT, BBFI35F(C
6 Hif (4 #HHALAE) HBEFIS3EIZ 4 By (BRI DAL
12) &4 ) 5EILZNAF I EMAIrNE I EL TV B,
FREE 2B MOl LT L LithoFEhz 4
Do lBRTII L VA, BRHIB W T ZDRLHHFIZHE
Thotee RIZZDEIZOWTHWEEELIECLAT
H5H, TOBRBIIEBHIBETIHTEIIRE - £E0 L5
DEEIZREST, TONFLZHEL T LEIXFHBH
5T, BEEIBOHIY Z 0@ %8 T 5 BNHE Lo 7
M THd, HrlE, SHROBEEBICE W TCIKDOF LA
LEINBIRETHDLEZ D,
1 ¥ BW T, B@EZ2HERBOBEXRZEELL,
¥ FENFE L FH X2 5,
2 R - BEERLIC B VTR, BREEMTICAE X 2 AR
ELTORNEBERT 72O OEM 4+ R T 2,

WERESFEH-OWT

HAEM 232, £E%, Juid, #d4E, RS, G,
e, PE-ME, W80 7 7 ey Zicalt, TR
i) LML T3,

LMK S, EEERSMELBRERZO T I

B, ¥WMREDOEE - TRLFOEHRN L Xy
DEEEFICRAML, 2, ¥MLMNTLIER, BEY
2RA LT, ¥MEMEBFELNEEHERLHS & &
Lz, HiBHLNEMOIRBICFS T L2 HBEL T
Wb,

HHX £iE, RAIE LT, S3XICBEE 50z
BHL TO2¥ MBS ROb 5L 8B 1 E~ 5 78)
LATOHTAZ2L > THIKRTA2Z L LEENTW5DY, 3%
LY 28BS REABEKBL L TV HIKL B, F72, &
2> T, FATELENDVLVWHEAHY, ZTNHE
IR EERSTEAMRE L L T3,

HEHX ik, MERETHL2LEEOF»LAKBRELA
(B X D& 2 N) %8B, TOHOEEHLL T3,

X502, HHXEHEICIE, ToOESICET 2 BHF 20
T 5212, [HHEEERIZ2ECTW5, ZOMFERE
ERICIZ, X S duimE Ry, ®ALmX &3
AL K%, FEX 2@ aERAY, TRX 23II R
gAY, HE - UEMEX S3#KTLEBKE, U - PSR
LI NMNKFENDBBERDELT 6 ~10ADERE A EE S
Twb, SHXLHEIE, NHLDEARY¥EEHERWMAN S L
ZHHNDTIEEZNTNE2DTH b,

HEHX ki, AROBBIE R ToHIZ, BFEELD
BikE - FMHESFORME, HMEXESHE =2 ZDRITE
NDEEZIERICIT-> T 5, Ky, EEFRITRESI N
LAFENEMX SMBEHEICL 2L, 2E&HMT, #
#FHEOBIKEIZ12E], FMBER I 4B TN T NHER
NBFETH 5,

w

H
w

H
m

&
w

N

BEREHMSBEEEHOMBES
ALiiE, ¥MORRZ L EREERICIKMBEZIED
v BE¥MESHMENOTFICH ) 2o, ARM#ESZE
L T+, IBME2EREICIZ, ALEESR (HE) I
L5 0M#mELAKRNEL ) 3EAEL TWET,
B H - MESFHMIREREHFMLESETHMLET
LTFETTH, BEDFHRrOITKEE2BEHCLET,.
T—=1. [BEERILES] cETLN
[ECRES (LA
T—=2 . [R¥oits e ANMts] BT 3LD
B HED
F—=3:. [wr -2 27 -4>%—72—2] B
T5LD
Bl T

SRHOERFRAKOBE MG 112 L0, [HAE¥EME
WL RBBL T I EHTE, HNHL
3 T EETF,

TH, HER - BMVWAbEErHN F L2sH T
FTBHFE(IZE W,

T106 W#HXAAEAKT7—22—34
BAYMSBLBRERS
(B AWM SBEBR[EBHR)
WS 03 (403) 6291

— 118 —

BABBEERERT

A3 HABREEE RIF% 22 (The Environ-

mental Mutagen Society of Japan) & i

T 5,

AL I AMBREEICE 0 2 ERERE, &
CIARORBEICERSBEARERT SR

RERFONRAHEST S LEHPL

T 5,

A28, E2BBIUHEMAEE

T 5, ELBEASOBFICHKEL, B

BiZ RIFO R FNC LB G & FEBR A

L, Eboni-BrmALIZH, H#E)

PRI COEROFEELKEL, EDHS

N AEMALICBEATZREALT

Do

AZICAZERET L 601, 1 AUE  FE8E
DFFEEDOHFAETL & HITEDHIA
HICGEAD b, ARFBHRICHAL LD

Ed%y LS
RAERBEBEMALLONRR LI

Vo IREEDERBROFIFERDZICE
WTERELBZCTBVWTED 5,
A2B3ZDOHNEZEKT 5. DITRDFE F10%
¥EE1T9

1. 1 KaEEKL, ¥FilT ELOFR

CERDF LB L CRIFED AT,

2. LEWE%E&G, BEERFEOSHT  HlL
FTONIHAEITY, FEROBESH  Fi12%
Fahsmrs JFAlELTRE8) « b

#5945, 3
3. Mutation Research :&D 5l %4 2.
i CREARCA T %,

4. FEBREREIZRFELESITMAL, 3.

HBR GBI TE# AT,

5. ZTODMALDOHKIAEKT B7201C
MBERE#HEIT,
AZICRDEBYRBBIUF AL E
4

=119==

il

= = 8

2 Kk 1% HEB®RE 14
XitHE 12, EBERHERE 1%,
WERE 14 RtEAR 24, B
L UFRREE T4
FEEBRFLBOBREICLDIESS,
2ERBFREOHEICL->TED S,
EHH, 2EHd, EBRR®SE, &
ERHBLURHNERIRROTEST 5,
LR EMHELHEICI2BOM L
DETAEELLBEOEAFEAET,
FBITMA BT ENTE B,
BEBLUFEEOENII2FELT B,
BB M6 CEBICs 5t W TeitET 254
I3 2% - TREL T 5,
FEEREI2BEREL, FEitH, &
BHOWY, TERESLUZOMOEE
HIFITHOWTEHET 5,
A23HE 1 [MEaERL<,
RETBO T2l KBEHIE, FHE - &R
HoAKR, ZOMFRERICE W THR
L EBEEFHDABAEIT D0
AL2OBBERITHBERSER XU 480
BEL b - THRT 5,
F2EBPITEEOE L, $/AKE%E
R%ET %,
AEDREBRIBEICL B,
ARICBEEAB L,

A2RNIHEM61E 1 A 1 H& D MEfT9 %,
ENAIRE ¥ T
HREE-ESTHAME 1111 FHCE <,
E2EBIUVEBSEORBRIZOZEN
%A 3,000 % &£ U110 20,000/H & ¢ 3,
7272 L, Mutation Research ZED 5%
DEMEFLET 56013, 2BOMCH
BED B EFRI AR EFIMT 56D &
ER




BEARREERFESE B

BYRAARVI LB OMEZRA TR LABE T,

PN s RS
K %
g—<FHo5Y
H£ERH, HHI -3 H
(FD
At 18 #& B8
=
(€]
2
T B )
(FD
A B B¢ B8
AT e )
T CE
B £ |G
* Fr
€]
2Rk @ FriE#E @ B e

— 120—

2y B EBEEL R % A I 3
AR AE Y LT T 4 & rs
B R m

e

HEEE (FilicdTREEHED2, 32OTHATIEIW

1. 2 &K 2. B H % 3. B H 4, RERE 5. 5 B
6. & F 7. # Iz 8. 1% A 9. W A 10, BEHY
1. E%HEy 1228 & 1B KEHLA M EEHE 160 B X
16. X # 17. HFHEE 18 £ D fi ( )

B % B GET- TV AHEOBEPEKED SISV THITIEAD S &)

MAZESE (RERXUND)

# B F (AAREZEERFFERR

K % E® @

AZERAE EDOBFR (BITIRRALKESI W)

—121 —




RO K B oI R YD N AN HEEBRE & D -

=

Ot

N
"/

R OB ONM B E O R OB i

>N
< m

i
n

¥ OE N

NI

Iy

ot m

# W

ot

| M oM M A 3

W

R

H A ERBEZE B 22 A6 1 ~6 24 Rk B4 1

& m b

l

[1]

R

N3

l

&

A [

AL

AAT Y CEEREYER Y ¥ —

ERAFEF
BHC FBA AR FH

B 5 T3 RBF 2R

R KFERF 7T
E LB =LA
LA F T vt Ferr
E & =AW A
EIA At v & —HHFErr
2 - e

EN ALY T —
EhACE T

B At v 7 —F %
FESARFEF

E LB = T
BN At v 5 —%H
EEHARFETFER
RLLARFEZFEER
HRKFEERFHZEHT

=E(LmR e RmLett s 5 —

—122—

1A

5210

30

5 4 [0

% 5[

5 6 [al

E70E

% 8 [ml

RBFIS44ERE
ER¥ELT

BAFN554E R
A &
HE "

BAFN564E R
HH fEk

REFISTAERE
FABZRIRER
Ba =&

ARF584FRE
Bra K

BRSO
KPE 3Epk

BRFN604ERE
ESLIN ) -

AEF614ERE
K B
A KR

HAREAL R PR HZHE

ramOZERFER IR 505

BRIRZRFERVOEFRVEOREBEREICLERI ) —= 7T
IR DOZERIFHERYE OKEOFAE L)

(BRIBZRFERHICEET % Rec-assay DR E ZDIEH )

M FFEHRHIC X S LFE ORIl 1< >V TORFF
(B OZERFYE O XHRIFICBE 2 LIS

(MEABRPOBHISERBAI I/ F ) ) vBEIUAIFTF)
FHY COFKR)

BiEGhO= boELV Y HOBRHERUORHICET 205

Fadmh O U WERFRTERYE O

ln vivo /MEREBREDRMR & ICH ICBEd 2% )
e PRIY V/SBRICE T Altikg otk (SCE) FRICH
3 A%

—123 —




—mEREL —

BEFI614E108 1 ~ 3 HiCH 7z » THE THEI N/ HARBEZ RFEFX15EREOHKE

SELT, FEpETHBE FIEE R LEENGIETHEF L1
FERIFEICZ by 7 RV LK¥D C, Ramel E+42638% 95 2 EAHKRAZDIZ, B
ik AN AR PRI AN B AN B B R 2 OFBIIC K DT> TV B THRAL0A4E
REHEE ) O 1FHETHALIFv— vy THEDHIE LTI B, MH
DEIFEICLDERTE /A LDT, HHTI IIHAMERBMAL L O hEE—H5E
o0 UG, @l L EE 9,

% %48 Alexander Hollaender 233 6Nz T, BEich-> & bHEMNC
BELTIoN/oEEEICBEXEBEV L E L, BLoBEbEkeEOMIFETH
B EDHERE LD TE#LE L EiF %9, Hollaender D HEREAEBHD
Lo .

THEE WIS WEREICR, BERAPOLIAEASOLDICEEREMEIVT
FERExbHFEO LWLl EE2EL BILBE L EF £,

(#2 B FRIKED)

BREBZTEEHE Fo&E F18 19878

BF624EI0H 14H  E1 R
IBF624EI0H20H % 1T

7T & BARBERRYR
WEREE B B FKRE
RARE R R LR
B AW ERR T
T108 HEEEXHEE4-6-1
TEL 03-443-8111 4506
BB B SESHTEAKSH
TI05 HAEBHRHES 237
TEL 034331869




ISSN 0910—0865






