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We have carried out four series of experiments to see the combined cytogentic effects of
various mutagenic/carcinogenic factors on peripheral human lymphecytes.

1. Quantitative analyses of combination effects of typical mutagens/carcinogens in our
environment.

I-1. Synergism in the induction of dicentric and ring chromosomes in the combined treat-
ment of radiation and benzene: Benzene is a typical environmenial polutant that has an
association with human cancers. When human lymphocytes were treated with benzene in
combination with y-rays, it was found that benzene treatment enhanced synergistically the
frequency of dicentrics and rings induced by y-irradiation. Further experiments using fractiona-
tion method revealed that benzene at higher concentrations significantly inhibit the repair of
radiation-induced chromosome breakage.

I-2. Antagonism in the combination effects of mercury and selenium compounds: The
protective effects of sodium selenite against the cytogenetic toxicity of methyl mercury and
mercuric chloride were investigated on human whole-blood cultures in relation to the induction of
sister-chromatid exchange {SCE). Although both mercurials as well as sodium selenite induce
SCEs, the simultaneous addition of selenite to cell cultures containing either methyl mercury or
mercuric chloride prevented the induction of SCEs by the mercurial in a clear dose-related
manner, the formation of high molecular complex consisting of glutathione-Se-Hg from sodium
selenite and each mercurial involving the participation of glutathione in RBCs might play a key
role in this antagonism between mercury and selenium.

-3. Synergistic and antagonistic effects of vitamin C on the induction of SCEs by benz(a)-
pyrene or 4NQQ: Vitamin C (ascorbic acid) is a well known anti-mutagenic/carcinogenic agent.
Because vitamin C is a potent oxidant, metabolism of indirectiy-acting mutagen/carcinogens into
ultimate forms is very impotant in the combined effects of vitamin C and known mutagens/
carcinogens. Benz{a)pyrene is oxidized while 4NQO is reduced before they act as DNA damaging
agents. When human lymphocytes were treated with vitamin C and benzig}pyrene or 4NQO, it
was found that vitamin C synergistically induced SCEs when combined with 4NQO, but acts
antagonistically when combined with benz(g)pryrene.

I~4. Mechanisms of cvtogenetic effects of formaldehyde (HCHO} and ozone (O in the
induction of SCEs: HCHO and O, are major components of photoreactants in the air poilution.
When human lymphocytes were treated with ozone and subsequently HCHO, synergistically
enhanced frequency of SCEs were observed while the cells were treated with HCHO and then Oy
showed significantly reduced SCE frequencies. The data indicate that O, damages the protective
property of the cell membranes against the eytogenetic effect of HCHO,

[-5. Ultra-viotet (UV) light enhances the production of SCEs by the steroid hormone con-
tained in contraceptive pillss When human-tymphocytes were combinedly exposed to steroid
hormone (norethistrone) and relatively low dose of UV light, the subtoxic dose of UV enhanced
the production of SCEs by the steroid. These data suggest synergistically enhanced damage in
human ceils exposed to stercid hormones and UV light.

I-6. MMC enhances the induction of SCEs by theophylline: Theophylline is one of the
analogues of caffeine and is contained in various feods and drinks. Combined treatment with
MMC and theophylline led to a synergistic induction of SCEs in human lymphocyte cultures.

II. Mechanisms of combination effects—1. Inhibition of the repair of radiation-induced
chromosome breakage.

II-1. Effects of various metabolic inhibitors on the radiation-induced chromosomal damage:
Human lymphocytes were exposed to 2-Gy of y-rays or tritiated water S-ray along with various
metabolic inhibitors such as ara-C, 3-AB, HU, FUdR, caffeine and CHX. A remarkably enhanced
ratio of dicentric and ring frequencies was observed when cells were combinedly exposed to ara-C,
varying from 2 to 5 among lymphocytes form different blood donors. Caffeine, FUAR or 3-AB also
enhanced radiation-induced chromosome aberrations by 20-50% whereas U and CHX appeared
not to affect the radiation-induced diceniric and ring frequency.

II-2. Inhibitory effects of chromium compound (CrQ,) of the radiation-induced chromosome
breakage: When CrO, was treated at different doses during the fractionated irradiation of *Cs-
r-rays. The data indicate that CrO; can inhibit partially the repair of radiation-induced chromo-
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some breaks at higher concentrations, The data indicate that besides DNA damaging effects of

Cr0O;, it acts as an inhibitor of chromosome-breakage rejoining.

. IIl. Mechanisms of combination effects—2, Cell-cycle delay and maximum non-effecting
ose,

fll-1. Additive SCE response in human lymphocytes combinedly exposed to mitemycin-C
(MMC) and 4-nitroquinoline--1-oxide (4NQO): Mitomyein-C and 4NQO produce almost completely
different damage to chromosomal DNA, Asa typical model of combined effects of DNA damaging
muta/carcinogens, the combined effect of these two agents on the SCE frequency was in-
vestigated. Maximum SCE non-inducing dose (MND) and SCE doubling dose (DBD) were calculat-
ed from dose-response with these agents, Human lymphocytes were then combinedly exposed to
MND or DBD of MMC and various concentration of ANQO, or to MND or DBD of 4NQO and various
concentrations of MMC. The data clearly indicate that the SCE response induced in these
combined treatment were totally additive.

1Il-2. Efffects of combined treatmeni with mitomycin-C (MMC) on the cigarette smoke
condensate (CSC)induced SCEs: Cigarette smoke condensates were shown to induce SCEs in
human-lymphocyte cultures. When combined with MMC, it induced a lower-than-expected fre-
quencies of SCEs. As a mechanism for this apparently antagonistic effect of mitomyein-C, we
investigated the defferential cell-cycle-delaying effect in these combination treatment protocols.

IV, Effects of genetic and life-style factors on the susceptibilities to the production of
chromosome damage by well-known mutagens/carcinogens.

IV-1. Effects of treatment with diesel-tars on sister chromatid exchanges in lymphocytes
from patients with hereditary diseases that have been shown to have hyper-sensitivity to the
induction of chromosome damage by mutagens/carcinogens and to show higher incidence of
CATICETS,

Lymphocytes from the patients with xeroderma pigmentosum (XP), Fanconi anemia (FA),
ataxia telangiectasia (AT) and Bloom syndromes (BL) were treated with increasing concentrations
of diesel exhaust condensates from light-duty diesel ¢engines. XP and BL lymphocytes were shown
to have higher SCEs, while FA cells had lower frequencies of SCEs compared to control cells. AT
cells were shown to have almost similar sensitivities to the SCE induction by diesel-tars as did
healthy-control cells.

1IV-2. Effects of mitomycin-C-treatment on the SCEs in lymphocytes from active and passive
smokers. The SCE frequencies in lymphocytes from smokers increased as a function of the
numbers of cigarettes smoked per day. When these smokers' lymphocytes were exposed to MMC,
it was found that lympheocytes from smokers only had the cells having more than 16 SCEsin a cell
compared to those of non-smokers. Lymphocytes from passive smokers were also found to have
hyper-sensitivity to the induction of SCEs by MMC-treatment.

IV-3. Induction of SCEs by MMC and 4NQO in lymphocytes from the patients with alco-
holism. The frequencies of baseline and MMC- or 4NQO-induced SCEs were studied in peripheral-
blood lymphocytes from alcoholism patients in abstinence for 1 to 90 days. The baseline SCE
frequencies were found to decrease significantly with increasing days of abstinence up to 60 days,
having a lingar correlation of y=—0.054x+10.2 (0<x<80; r=—0.46; p<0.02) where x, days of
abstinence; ¥, baseline SCEs per cell, The MMC-induced SCEs in cells from alcoholics were shown
to have a tendency to decrease with increasing days of abstinence. The 4NQO-induced SCE
frequencies in cells from alcoholics in abstinence for more than 60 days were still significantly
higher than those in non-smoking control cells.

IV-4. Combination effects of various lifestyles on the sister chromatid exchanges. The
peripheral lymphocytes from persons having poor, moderate, and good lifestyles were examined
for baseline and MMC-induced SCE frequencies. The results showed that cells from persons with
poor lifestyles had significantly higher baseline and MMC-induced SCE frequencies compared to
those from persons with good lifestyles. Among eight lifestyles examined, cigarette smoking,
aleohol drinking, and mental stress were found to have major effects on such SCE elevations.

IV-5. Combination effects of lifestyles on the sensitivities of peripheral lymphocytes to the
inhibitory effect by ara-C of radiation-induced chromosome breakage. Experiments have been
done to see if peripheral lymphocytes from persons having poor lifestyles might have increased
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sensitivities to the inhibitory effects by cytosine arabinoside, a potent inhibitor of DNA repair, of
the radiation-induced chromosome breakage using dicentric and ring chromosomes as parame-

ters.

The data indicate that unhealthy lifestyles might make the cells more sensitive to the ara-C
inhibiton of radiation-induced chromosome breakage.
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Table 1. Synergistic effect factors calculated for lymphocyte cultures exposed to benzene and radiation.

Concentration . . . Chromosome-type deletions Chromatid-type deletions
of benzene Cells with  Dicentrics — ——
aberration and rings reaks+ reaks+

treated Breaks Gaps Gaps Breaks Gaps Gaps
4.0x107M 1.00 1.17 1.28 041 0.94 0.84 1.63 1.21
(+100rad) +0.22 +0.34 *0.45 £0.27 *0.29 +0.49 0.88 +0.46
20X 10™M 1.08 1.62 1.08 0.69 0.93 1.08 1.37 1.26
(+100 rad) +0.21 +0.49 *=0.38 +041 +0.33 +0.48 +0.68 +0.44
1.0 107°M 121 2.18 1.39 0.93 1.20 1.356 1.20 1.22
{+100 rad) +£0.22 +0.61 +0.47 +0.50 +0.43 +0.58 +0.46 +0.36
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Table 2. Effects of interation between ozone and formaldehyde (HCHO) on sister chromatid exchanges
(SCE) and growth inhibition of Chinese hamster V79 cells,

Method of exposure  Induced- o Growth o
Group SCEs Significant inhibition Significant
The first + The later (mean= difference (mean * difference
half (1h)  half(Ih} SE/cell) SE%)
A Ozone -+ Clean air 1.39+0,17 a 265%1.0 a
B Ozone -+ Ozone 203+0.14 a-+, 435£20 a+,b
C HCHO <+ Clear air 2.28%0.14 c 8807 C
D HCHO -+ HCHO 5.07+20.39 c+,d 14004 ct,d
E Ozone + HCHO 474+065 a+,b+,c+,d—, e 33.0%+i8 a+,bt,ct,d+,e
F HCHO + Qzone 2752024 a+,b—,c—,d+,e+ 105506 a+,b+, ¢+, d+, e+

Conentration of sample gases were experimented with 1.0 ppm of ozone and 2.0 ppm of HCHO.

The induced-SCEs were expressed by subiracting control's SCE frequencies from sample's.

Significant difference were calculated by Student's #-test, compared beween groups of same letters
marked: a+, b+, ¢+, d+, e-+; p<0.05, and b—, d—; not significantly (n=4).
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dose treatments of human lymphocyte cultures.
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D, RECHEEOLOTRILOEIBEE T
dose-response curve BB 5NE OO, L,
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&, Fig 9 R oNa LD, differential cell

cycle delay 288 U, 72 BRI E QBT T,
more-severely damaged cells 73 0 B O#fass
RBILZRT, ¢ DHEE, 2KOERLD &L
D SCE L BB T Wi subpopulation
DEHEEFEL T AREESH 5, ThoEER
WERAS 2HD general GHHFROMBEE L
T, Fig 10 it %@ dose-response curve Dz
BaBR Ut
22 2L rwA vy CBLP4=boFs )
v-lAF A FOEEII & Bk ES
22 (SCE) 4~ 0o ks

w4 b=4 ¥ C (mitomycin-C; MMC) {38
ik DNA §8ic monoadducts # X ©F crosslink
BT 505, 4= boF /) v l-dFxy4F
(4-nitroquinoline-1-oxide; 4ANQO) (& UV type &
X-ray type DOIHDHEZYuDB{E DNA I
T b, CHOMIEORMZ Zo0oWHEGEEL
f BB & v f SCE I e > 0T, RARMIE
ARCER LT T OME £1T4 - 1o,

MMC 5 & T 4NQO @ Bih o dose-response
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inducing dose; MND) # J ¥ baseline SCE %
2 RS EAME (SCE doubling dose;
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Fig. 10. Deformity of dose-response curves
seen with sub-optimal culture times after

very-high dose treatments.
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31 RS EREAHIIEER & 0GR

wa

AR TR, HELEBEEO T FAftolwic
132 OYEFBSELICEN 5 N TV BEED b DSBS
%, F7dhBH, DNA polymerasea ZFEd 5 &
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o O MMC +5 x 10°7M 4NGO y;
MR /
« 0 3/ ® 4HQO only
oo J/ 4 4NOO+ 5 x 1074 MMC
a S @ R 4NQO+4 x 10790 MMC
Q o8
%) £0 — o ,’
- DBCyneo
‘0 MNOypc DBDMM% 2% (5x10-"m} £
7] 5 10y, N . n
Bt WA MBaaot3 x0T /
o
20 -} u - - | S
a ‘8_0-- & o ._—/c
—peam gl T - g =R DT e
© T T T T T T T
1x 107 1x 1070 121077 1% 10°5 1% 1073
CONCENTRATION (M}
Fig. 11. Additive response in the SCE induced by the combined freatment of mitomycin-C and

4-nitroquinoline-1-oxide.
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Fig. 12. Effect of ara-C-treatment for various time on the radiation induced chromosomal aberrations.
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e B, BOHRIc X DB Y DNA S S
LU OEEEREIh S OREOMFEz I E
D& HILEMEREZT e 2R L, 7,
PHA JRiE# 5 WHIE @ v > ~BRIC r i (2Gy) %
FA L, #RELTHERS N IZMBEEANS
SE, b b ZEEE - Bikifadd (Dicentr-
ics-rings, D-+R) SEED, v HIBSHRO ara-C &
B (1~3 ) o &k » TED & D LEMMER %5
FADERR LT A, DR EFER ara-C D
BROBBIC L > TRAR MBI ETERL, Lird
ara-C {2 & » THENE O 3 HREEO MBS
BRI y SEEDD L S EIERIEMREL T
T ENALHMLER 5 (Fig. 12), Rk, Lido
ara-C OEEHEEHOWEERS T 50D, 7
SRIB T O 5 BEfEl A 58k 7 Wi TORORA
OB ara-C © 1 KB EITIS > 12BRD D

+REFEOEHTHMEL O A, aral itk 3
{EIEREEFR LB 0RO &L & FIBE OB
AT EENTHELBEWE L LN £
(Fig. 18), & SICHUHRESEFRAvRARNERTE o
T 54 OHGHEERI OBIFIER £MET Lk C
%, HTO, & %\, 7 5% D+RHEE ara-C
ORMEIL LD EZhZEhGL4EBLT 2% E
TLRS B EMRE N (Table 3), Caffeine
BELUTFUAR 3 & dic D+R R % 30~50%
LA S, 3-AB i3 209% FEEO D+ R HINfEHE
ARTH, HU BL U CHX USSR R
SRS L TR LA SEBMERAERS LW
CEBEAGhEL v, ara-C MHEEER D
RIFEAFIB LR A HEELMIcHES LT
WA, FFETH, < OERSIEHREBETTO
IR L > THHEMICERINE I EMNHESH
LIS otz Efo, RIUEEHEETS, W Csr i
& HTOB RO O ZEIC LY ara-C T X 25H
D+R oEmEsREE s LuFBah s, Ch
SOHEER, THbLHAL D agent OEEFHO
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Fig. 13. Effect of ara-C-treatment (1 h) at different times before and after y-irradiation on the induced
chromosomal aberrations.

Tahle 3. Metabolic inhibitors testes and their DEMEERTHOEVA LS,

effects of the enhancement ratios in the

32 ~yv¥roEiEEEER

combined treatment of radiations (2 Gy)
and each of the inhibitors.

Yy LR ORBHICHT 2HAEHT

Enhancement ratio

ABENn5oiE, D+R SHEEN NG 2EE
ThHd, COBFIRODVWTEELTABLE, 79

D+R AR T 2 DNA SHORN - o3
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HTO T-ray
Caffeine 500 ug/mi 1.37 1.67
FUdR 10 ug/mi 1.54 1.33
CHX 10 pg/mi 1.01 1.08
3AB 10 mM 1.18 1.256
HU 5 mM 1.00 1.17
Ara-C 50 M 4.20 1.95
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&, H3BWid, DNA G2 L THEEREHE
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induced chromosome breakage.

DS Ui R, DNA SO UIARI-AH
KIERBEE L D Mh i RETEEsh, ho
P &8 > THES T A ELEnL TV 538
BRENMEZ BN, ThoDENERIFS 57
Wiz, SKHOEmTENZEH 100rads 50
i# 150 rads ORI EEE L, O 5EMoR
SROAMREIPEDO~NvEy, i~y
¥ OFELEARRBMED (727 —1Hb0i
AFa—n) ERIML, ChS{EEWERMmNT X
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Table 4. Effects of CrO; on the repair of radiation-induced chomosome breaks.

No. of

. . or e
Dose 1% Conc. of Dose 2% No. of dicentrics D:cex-atncs % Inhibition
CrQ; treated cells . & rings of complete
(rads} (rads) . & rings .
(M) examined per cell repair
observed
180 — — 150 35 0.233+0.039
150 1.0x10™4 — 150 32 0.213:£0.038
— — 150 160 38 0.253+0.041
— 1.0x107¢ 150 160 35 0.23310.039
300 — — 150 129 0.860+0.076
150 0 150 150 72 0.480+£0.057 0
150 4.0x107¢ 150 150 89 0,693 £0.063 30
150 2.0x107° 150 150 87 0.580+0.082 26
150 1.ox10* 150 150 94 0.627£0.065 39

* Doses 1 and 2 were adminstered at 16 hr and 21 hr, respectively, after initiation of culture.
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Fig. 15. Induction of SCEs by diesel-tars (light
duty engine; LD) in EB-lymphoblastoid cells
from the patients with cancer-prone here-
ditary diseases.

FTHRINBZHREBREERY (Dicentrics +
rings) DHEARSIT 5 C &ic kD, TSR
gt LT OIS I A ISR o (5 1EIR R
HEERCRE T B &N TR D, COTRE
REFOSHILT, MEREERETE LT-—5
FR~OEFREY E LTERBERATVS 612
O L ORI 5 B, BEASEEEER R
Lo T DFE (Table 4),

TEIEED 6 ffi 7 = A

MEBIC &b, BAHRERLEEEE oEE 0
40% MHHEFEIzhsEWRERk, CHoDiE
Bhs, 7 oaoifmik DNA OB EEEHE
LT, ThofllERBoMELEELTHITE
b AT E RS i,
4. FEFEFRERTHOREEE. #EEHEAR
ESATARIAN
4.1 PRt E R B R ) v ovBRic
BFBF 4 —Ey — VIR X BHEEE
-_5%5
IFsemthliEiER R R, BB ARSI 5 5EEHE
WohTHEER DR T RE AT 50
IFEOHEE LTHV BN T &, AU T,
Bz 2 OMEBERIRAES & STV A IFRE
T B RAINA A Y, SRS T o S
HELTEOREEHESEMSNE T+ —€EN 5 -
NHESH O ERIICRETd 2 C Lic &b,
WHRERT & G EREE T H32848 L Ao 4 2 41
LSRR OB S RE L,
MoiifsEitblEamiag, 1 i
ETHF S thymine dimer OREIFEERESRIR
LTV DREROERTHO N 5 BB
fE (XP) #mla, 2) gefoidk DNA “HIic 4%
cross link EEEET IHEORBTEL TS
D, BIMFERLEEEHEETHHET 5 Fanconi B
IMAE (FA) $lE, 3) FRRGE I L TIER IR
FHOE W Ataxia telangiectasia iE (AT) 4114,
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Fig. 17. Induction of SCEs in human lym-

phocytes exposed to cigarette smoke con-
densates sampled by the solvent-extracting
method and the filter-trapping method.

BLU 4) HEBRLABSMEHEHESERAD
10 EBELE L, TRTOWLORERMSIER
@ 100 {STRECHAET 5 C & TEL M Bloom fiE
&8 (BL) Milam 4 fiTh 5. INOOEHHEE
) »o3kA EB & 4 AT transform L THIT
L 7. EB-transformant i<XtL, ThFhRELS
T 7 4 — B F — U (light duty) THIE LAE
+ ity ka5 (Sister- Chromatid Ex-
changes; SCEs) B EME Lo T OFERIEE
B2 CEFREFCEXP LT
BL #Hl@d, & SCE 0FER%2, FAMREBEY
SCE oFFe%, 7=, AT @3 EF% o SCE
OFRERL K (Fig. 16), THOOFERM» L, §F
SRR ER L T ERBEET & O35 B
CHEFENLE OOAE Y, BHNLEZH~0
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Fig. 18. Distribution of cells that have differ-
ent numbers of SCEs in each cell.

ERERTEALHI T &b o, BisEHERIER
Fiotd 22, BEFORBIETS W
Twd & BI04 THHATE L WER
BEFEEST 3,
4.2 WHEE (WHESZTHEEELSE) U 93k
L8 5 mitomyein-C MIED B ORET
WU, EELCRERERIET S A 7RS4 D
TR ZTOFEEMTHEIATWRIERTSH
B, AT, 7, BEZOREY v 8 i
B\ T— B OBEAR I U THEEIIC SCE $EE
HEET 5 E&RL (Fig. 18), T @ SCE oY
mhsy ol EE N D & — VRS OEERT
HAHETEEEIFT B0, y-5a5— 0 GEiE
HHEE I 7 4 v F — b 5w ZEOWFICTH
Y7Y ) RFERENTE MY ovBRICInA
& AMEEIIRTEL T SCE OFFEMITH s e
(Fig. 17), #7/z, T SEMEEIRUICIERESE O
1 4%k mitomycin-C (MMC) £—&E& (3%
10 MY TRl L CHEE L, 493 SCE %4 D
flici#-o SCE MEE S hichEE A+ 73 A
K LTHIE A (Fig 18), BUHEED ) v/ BT
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Table 6. SCE frequencies of MMC-treated lymphocytes from active smokers, passive smokers, and

non-smokers.

Active smokers

Passive smokers Non-smokers

Baseline 7.3+£045 6.6+0.23 6.4:40.67
MMC-induced 27.8:1+0.44 27.6+£0.20% 24.7£0.98
{*; p<0.05)

Table 6. The change in baseline SCE frequencies {Mean=®S. E.) in lymphocytes from alcoholics as a

function of days of abstinence.

Alcoholics (r=28)", duration of abstinence

Controls (n=>51)

1-30 days 31-60 days 61-90 days Smokers Non-smokers
(n=13) (n=9) (n=6) (n=25) (n=26)
9.13+051° 7.72£0.45° §.03+0.68¢ 7441042 6.4591+0.67

All the alcoholics studied were smokers.

-3

control cells.

Significantly higher (p<0.05, Student's ftest) than the frequency in both smoker and non-smoker

¢ Significantly lower (< 0.05, Student’s #test) than the frequency in cells from alcoholics in 1-30-day
abstinence, but still significantly higher (8 <0.0b, Student’s #-test) than the frequency in non-smoker

control cels.

4 Not significantly different from the value in cells alcoholics in 31-60-day abstinence, but still signi-
ficantiy higher (p<0.05, Student's i-test) than the value in non-smoker control cells.

b t
i
10 “\\'LH{_I} * }
} ]T * *""-#..L -

} !
h 1
s . y==0.054x+ 10,2
{15x560, r=—0.46, p<0.02)
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o 1 ]
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Fig. 19, The decrease of the baseline frequcies
in lymphocytes from alcoholics in incresing
days of abstinence.

A TEHO SCE #iFoiindiass, JEw
FEEOZICH LEE Nl Twiz, chbo
R, MEEOHRM Y ok MMC R E @
FERR T LS & WIS
LT LETELTVS,

Ef, EFELBRZOMEEENFEEShTY
HREZIES OREERZ LY, B RIER
TEETH D AH LEHTEDRMIE L TRENEL

TWAATEDOFREY v YBRICE T 5 SCE HE
ERIETH, MMC &I L 735 SRy
OHNE T, EBUEEDF NI L EL SCE
JHREASEEEE X M /- (Table 5),
43 TAD—AREREEFEREY o5
i 5 MMC i ¥ i2  4-nitroquinoline-1-
oxide ANQO) mEE
BEOIE RELEREOS R L EERE
HUS oL CHONTWS, &2 TAPE
T3, 7 HEFEOREDHIARLT
WA A2 ORI 1) 5 SCE SR S EriE AR
RISLTEOLHIRENTIAEMET LI, 20
R, MRS 60 HIBIPIC T v o — MRIERE
BAERM Y 3K SCE S 3EHICHLT 3
&S (Fig. 19; Table 8), 7 /L3 — L {0
THEHTEMTAUFTE Fick b U7 SCE H5t
BEE, SR EHERIEE BRI 0LE
Abhd, g7, Tho7Aa— VRIEERSED
J wovERIC MMC (83X 1078 M) & 5 Wit 4NQO
(40 ng/ml) THUIE L THF&h 3 SCEHEL R,
fo& T A (Table 7), HirE RETEEMAR {20
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Table 7. Days of abstinence and SCE frequencies (Mean%$. E.) in alcoholics lymphocytes from cultures
exposed to MMC (3107* M) or 4NQO (40 ng/m!) for 72 1.

Aleoholics (7=28)*, duration of abstinence

Controls®
1-30 days 31-60 days 61-90 days {n=5)
{n=13} (n=9) {n=86)
MMC-treated 34.156+2.66 35.39x1.60 30.61+3.30 3047%3.19
4NQO-treated 14.6810.85° 13.68+0.81¢ 14.88+0.69° 11.36-0.94

a

b

All the alcoholics studied were smokers.

Only 5 non-smoking control persons were examined because of shortage in the amount of blood
samples supplied.

Significantly higher (< 0.05, Student's t-test) than the frequency in control cells.

Not significantly different from the value in cells from alcoholics in abstinence for 1-30 days and from

]

the value in those for 31-60 days.

Table 8. Good health practices examined.

1) Sleeping more than 6 hrs a day

2) Working less than 10 hrs a day
3) Eating breakfast everyday

4) Not smoking cigarettes

5) Not drinking alcohol too much

6) Balancing nutrition/salt intake

7) Doing physical-exercise actively
8) Keeping moderate stress level

Categorization with Health Practice Index {HPI)

HPI score Health-practice group
-4 Poor
5,6 Moderate
7.8 Good

B35 ERDMEEERL o, &7, ANQO JLE
DiFEIE 90 H OFEF THIMHE I X 5 49k
P IEBEO SCE I L THEBIEw O &b
HEhLissl, ThoOEREFEN - BEOK
Bk b, 7o - VREEBED O
MMC + 4NQO 73 & O FBE T 1o 569 5 itk
PEL TV TR RIBEL TV 3,

44 HEECEET LS A 7R 44 AE0ES
S —— IRy A4S (SCE) g &
LT—

FERE PR S HE{F DNA OFEk &b T
PSS, TIT54 7294 1&gk
DNA OZ{LOMRAEFERNICIEET A I &4,
D L~ THHRA RS £ 5T S 2 B R4S

HHERIE G0 5 3L EZ O3, Tk LG
fEDNA OZfbE LTR, fEkiihadisRy
(HEEHR S & ool DNA % B4 3 &
A 7RSS TREMENE ), WU SCE (v
A DNA ZEZUHE S, 2 iclmEss

AT BEMER N L TRSEHAED TEHW)
REPEELCBVWLATVLS, 22 THhiid,

Breslow Lo OEBECEHEMNEA LR
BEMA oA OHEEEEBEIC > WTHEEL,

BENXORRBEZSHEZZ L AL Ohh S
150 Alciih R, 20 vooBeiE% L ©
HeaD34 72514 LOITHEDIRE & SCE O
BEORMEEERETE L, < TRASDEEY
HWDI LWL SDRUVEFHET » T3 M T Table
BDTEL=Z2D I N — T I BERBEA S L 72,
&& OO, B & baseline SCE $§EF &,

REWELHT 2REHERET2EM, S
DNA EMME ©H 5 mitomycin-C (MMC) @
—ER (3X107°M, 72 BHMER) k3R
SCESEERFLI-LCA, 5147254 0DH
HEBIESEER SCEHEMSEN T & M5
E78 = 1z (Fig. 20; Fig. 21), Ch o ADOLEEY
& oihb, B fE Foez Lo
D=2%MW->T, ZH>OEFEED 5 LE-HSF -
TOEMLTABRSTAECA, PiEDSA TR
FANDRVEDIFE SCE HiEoEWEEME
S iz (Fig. 22)
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F'ig. 20. Baseline SCE frequencies in lympho-
cytes from persons having poor, moderate,
and good lifestyles.

MMC-reated (3 X 16 oM, 72k}

27 Male {73 Female
30r ——

251

2

18F

10

SCEs per Cell

Poor Moderale Good

Heailth Practice

Fig. 21. Mitomycin C-induced SCE frequen-
cies in lymphocytes from persons having
poor, moderate, and good lifestyles.
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Fig. 22. SCEs in lymphocytes from persons
having different numbers of high-risk
health-related practices.
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Fig. 23. Enhancing-ratios of dicentric and ring
chromosomes by ara-C treatment in lym-
phocytes exposed to 2Gy of rrays or
B-rays: Combined effects of eight lifestyles,

A N OHEHT AR 15 R BT U 7 T4 R -
F ARG, FEHRO—ERE 2Gy) KLh—E
Bk DNA O FHELEH S, Th
5O &4 O Y v Bk FEE T B BERER
1T & 0EEH AP E LA EHEES LTE
HL AT EMHbLNTWS, 2B, Thidd
55 & APEHIZTTO & B KEEAET, R
T oY & RS L it B Rk e iidhs
HEFACEMBLHMSNTVWS, —, Thoed
i fk DNA O OBEEMEST 2WHEL L
< cytosine arabinoside (ara-C) R HSHT
Wh, I TRAB—ERETY v BEEREL
155 araC THIET A C &tk b, BIEMEEC
e BEAD ) vSEROBENEHELL, £O
gem IS T A 5 ara-C PUEIC & AYalk
MR (CHRERGE S BRGEE) oA
Hig@e ~a2ctlics4 7224 VD0E

—124—



(Table 8 IR~/ EHEEDO S B, FoTWB
BODIV) NIEE ara-C BRI & 5 et ibis
REHEO LRILAKEWERERL - (Fig.
23) HIEETOL T 3 30 iz 2L TOAMFEER
THY, H YT A4 A THNS W & o
BEBEECEE > ThR L, BTFaSEsm
LR S LB, ZOREMEBENS
ETARTH S,
PIEBSTE kD, Bx OBROHRIE,
BIE-PIRE & L BN S hhbh h OIFEVBEE
EEED, FEAEREIRIES & T
LRI & 2 R OZE(L & & ERAY B %
B2l EERLTVE, LECHLMBLTRLE
HoEEiETH 0, ¢oEFOEL A v5 v
PELENEDAREL, ZOBABO NS vED
D51 72 7 A - BHEIER & B{mEHE
THIBFTREL BA SN B8, FDETHLTER
IhirOFNETH B,

o

AHEE 3EMch o TRV
ik A BEEREERBA R ENE L 2 4, A8
WMEETE DD b, KRKEEEESE
EFREDOR Y v 7, FclEELEI R
EERoOBMEFE LW, CTICERHKLE
e

BUTER - W - BEETT

1) Morimoto, K., T. Kaneko, K. lijima and A.
Koizumi: Proliferative kinetics and chromo-
some damage in trisomy 21 lymphocyte cul-
tures exposed o 7-rays and bleomycin . Cancer
Res., 44, 1499-1504 (1984).

2) Morimoto, K., K. Miara, T. Kaneko, K. Hjima,
M. Sato and A. Koizumi: Human health situ-
ation and chromosome alterations: Sister
chromatid exchange frequency in lympho-
cytes from passive smokers and patients with
hereditary diseases. In: R. Tice and A. Holla-
ender (eds.) Sister Chromatid Exchange:
Twenty-five Years of Experimental Study,
Plenum Press Inc, New York, p. 801-812
(1984).

3) Morimoto, K, K. Miura and A. Koizumi: Rapid
estimation of the duration of y-ray-induced

proliferation delay in human lymphocytes by
the herlequin staining technique. Radioiso-

5)

6)

8)

9)

10}

11)

12)

13}

— 125

topes , 33, 21-25 (1984).

Morimoto, K. Proliferative kinetics and
chemical-induced sister chromatid exchanges
in human lymphocyte cultures. In: R. Tice
and A. Hollaender {eds.} Sister Chromatid Ex-
change: Twenty-five Years of Experimental
Study, Plenum Press Inc, New York, p. 677
694 {1984).

Tice, R, B. Lambert, K. Morimoto and A.
Hollaender: A review of the international
symposium on sister chromatid exchanges--
25 years of experimental research. En-
vironmental Mutagenesis, 6, 7T37-752 {1984).
Morimoto, K., K. Miura and M. Sato-Mizuno:
Development of the monitoring system for
human exposure to tritium: Chromosome
aberrations in human G, lymphocytes ex-
posed to HTO. Summaries of Special Re-
search Project on Nuclear Fusion (Group II).
K. Kawamra (ed.), 245-246, Tokyo (1984).
lijima, K, K. Morimoto, A. Koizumi, M.
Higurashi and M. Hirayama: Bleomycin-
induced chromosomal aberrations and sister
chromatid exchanges in Down lymphocyte
cultures, Human Genel., 66, 57-61 {1984).
Morimoto, K., M. Sato-Mizuno and A. Koizumi:
Sister-chromatid exchanges and cell cycle ki-
netics in human lymphocyte cultures exposed
to atkylating mutagens: apparent deformity
in dose-response relationships. Mutation Res.,
152, 187-196 (1985},

Morimoto, K.: Development of the monitoring
system for human exposure to tritium. Chro-
mosome aberration in human lymphocytes
exposed at Gy to HTO. In: Matsudaira, H., et al.
{eds.) Tritium Radicbiology and Health Phys-
ics, NIRS, Chiba, pp. 173-181 (1985).
Morimoto, K., M. S8ato-Mizuno and A. Koizumi:
Adaptation-like response to the chemical in-
duction of sister chromatid exchanges in
human lymphocytes. Huwmnan Genel., 73, 81-85
(19886).

Miura, K. K. Morimoto and A. Koizumi:
Effects of temperature on chemically induced
sister chromatid exchange in human lympo-
cytes. Mutation Res., 174, 15-20 (1986).
lijima, K. and K. Morimoto: Cell-stage depen-
dence of mutagen-induced sister chromatid
exchanges in human lymphocyte cultures.
Mutation Res., 162, 121-129 (19886).
Morimoto, K., et al. Genotoxiciiy of diesel ex-
haust emissions in a battery of in-vitro short-
term and #n-vive bioassays. In: N. Ishinishi et
al. {eds.) Carcinogenic and Mutagenic Effects



14)

15)

16}

17)

18)

19)

20}

21)

of Diesel Engine Exhaust, Elsevier, Amster-
dam, pp. 85-101 (1986).

Morimoto, K. Life-styles and health situa-
tions: Importance of genetic health and quali-
ty of life; Position paper for the workshop on
social learning and coping options, WHO Doc-
ument of the International Conference on
Health Promotion, WHO/EURQO Office, Copen-
hagen (1986).

Shinkawa, K. and K. Morimoto: Enhancing
effect of ara-C on mutations in cultured Chi-
nese hamster cells treated with EMS, Aan.
Rep. Nail. Inst. Genet., 36, 42 (1986).
Morimoto, K. Combined cytogenetic effects of
enviromental agents in human lymphocytes:
Effect of wvarious metabolic inhibitors on
radiation- induced chromosome aberrations.
In: A. Okada and Q. Manninen (eds.) Recent
Advances in Researches on the Combined
Effects of Environmental Factors. Kyoei
Publishing Co., Kanazawa, pp. 731-736 (1987).
Morimoto, K. Social and psycophysical fac-
tors correlated with the quality of life and life
satisfaction of the elderly living in different
environments. In; Quality of Life in Aging
Societies; Proc. of U.S.-Japan Conference on
Aging, Nihon University Population Research
Institute, Tokyo, pp. 135-136 (1987).
Tachi-Shinkawa, K., K. Morimoto, et al.: Com-
bined effects of ethy! methanesulfonate and
cytosine arabinoside on mutation induction of
Chinese hamster V79 cells. In: A. Okada and
0. Manninen {eds.) Recent Advances in Re-
searches on the Combined Effects of En-
vironmental Factors. Kyoei Publishing Co.,
Kanazawa, pp. 737-744 (1987).
Tachi-Shinkawa, K. K. Morimoto, et al:
Enhancing effects of cytosine arabi-
noside on ethyl methanesulfonate-induced 6-
thioguanine resistance mutations in Chinese
hamster V79 cells. Mutation Res., 191, 37-40
{1987).

lijima, S., T. Takeshita, S. Higurashi, M. Se-
gawa and M. Funahashi: Spontaneous and
mitomycin-C-induced sister chromatid ex-
changes in cells from patients with Tuberous
sclevosis. Proc. fpn. Acad., 61, Ser. B. 32-34
(1984},

Iijima, S, T. Takeshita, 8. Higurashi, M.
Segawa and M. Funahashi: 7r-ray-induced
sister chromatid exchanges and chromosomal
aberrations in cells from patients with Tuber-
ous sclerosis (Abstract). Teratology, 30, 24A
(1984).

29)

23}

24)

25)

26}

27)

28)

29)

30)

3L

32)

33)

34)

—126-—

Higurashi, M, S. lijima, K. Takadaya and N.
Kobayashi: Growih and development in chr-
omosomal abnormatities. In: Arima, M., Y.
Suzuki and H. Yabuuchi {eds.} The Developing
Brain and Its Disorders, Univerity of Tokyo
Press, Tokyo, pp. 185-196 {1984).

Takeshita, T. and M. Conner: Persistence of
cyclophosphamide-induced damage in bone
marrow as indicated by sister chromatid ex-
change analysis. Carcinogenesis, 6, 1097-1102
(1985).

Takeshita, T, et al: Long-term persistence of
ethy] carbamate-induced sister chromatid ex-
changes in lymphocytes. Cancer Res., 45
4115-4121 (1985).

Shiraishi, F. and H. Bandow: The genetic
effects of the photochemical reaction products
of propylene plus NQ, on cultured Chinese
hamster cells exposed in vitre. J. Toxicol. Envi-
ron. Health., 15, 531538 (1985).

lijima, K., M. Higurashi and H. Hirayama: Be-
havior of Y chromatin in the neonatal period.
In: Sandberg, A. (ed.) The Y Chromosocme, Vol.
6A, Alan R. Liss Inc., New York, pp. 527-536
(1985).

Shiraishi, F., S. Hashimoto and H. Bandow:
Induction of sister-chromatid exchanges in
Chinese hamster V79 cells by exposure to the
photochemical reaction products of toluene
plus NO, in the gas phase. Mutation Res., 173,
135-139 (1986).

lijima, 8., M. Higurashi, T. Takeshita, et al.:
The freguencies of sister chromatid ex-
changes in cells from patients with neurofib-
romatosis induced by mitomyein-C. Proc. [pn.
Acad., 82, Ser. B, 388-390 {1986).

Takeshita, T. 8. lijima and M. Higurashi:
Viny! acetate-induced sister chromatid ex-
changes in murine bone marrow cells. Froc.
Jpn. Acad., 62, Ser. B, 239-242 {1986).
FRAER, /MR ARBHER B 2HliE s
SR (20 D—EHRIE L ko RE—,
et 48, 202-209 (1984),

BAGES, /MR OH Affdic B AR
e (2o 2)—lnikkgBsHE3eH (SCE) LR
HERE—, MBI, 48, 359-370 (1984).
gAY, NR W AfEIc B Y 2tz
B (Fo N—ERESAFRPE~ORE S
Qe fhOzE l—, ARHtE, 48, 434-445 (1984).
BERSEEE: ke s (AT S O RaE DS —
25 HERSEEE Y vV Y Adns—, FFva
nY¥—7z—34 T,113-121(1984) .
TAGER, T, oGTE S bk
BN AEROTRORK--BEFE Y v R Yo 4



35}

386)

37)

38)
39)

40)

41)

42)

43)

44)

45)

48)

47)

48)

49)

60)

WHE—, HOHEYITIE, 19, 9-21 (1984).

AAIRE: AR B AR (SCE—% DAk &
BREMSE~OEH— rdvoovog, - z

4, 7, 326-327 (1984).

TRAD: GERINET & SCE— ) »oopkheg
KEBAMERDE=7Y) v ¥— ptoag
F—Tx—3 s, T 384-394 (1984),

FRACMEE: BhikEe 43 A3 (SCE) & 2 oMl
B~ QR €T, SR 10,
239 (1984).

AR & b Y oo SBREEDE LS TR R
Qs AT, HIFIREEE, 10, 255-260 (1084).
BAYEEE. HEEE B¥osos, 129, 052
{1984),

BAME: G by v iz BB by 7
LRERBBERE— L MoBl A ) F oA
IREE <=5 —ZOMFE— x50 F—830s
(Herna) FBFD 58 FERCITER EMRELE. L Y+ o
AT S « BHSEEIE « M SHaIETE, 51-52,
HIET (1984),
FRACHEL: dmlanfess,
4, 8, 480 (1985).
TANE: £ ) oo BROESE L SCE. In: /NR
B, FEAIEEGRE) SCE--ffikdvad idhaei & 15
Bi— 42274 — 54, WH, pp. 324
-339 (1985).

FAIER, RO REEME—F LTZo
OIS S, FEE{LaE 12, 780-797
(1985).

FRANER, SWMBAET: BEOEHELE SCED
FFE Im /MR OB, FRARIERGE) SCE—filkb:
ARSI E RSS2 7 4 — 5 4,
B8, pp. 209-238 (1985).

B, =R MM . BT S SCE. Im: /h
OB, BHAEEGE) SCE—ifilki: s asif
RS v A TR 7+ — 5 4, HE, pp
574-587 (1985).

P9 3841, TSRS HEIEINAE P e 2R R
BRI 00T, AEfE{kaE, 7, 3-23 (1986).
FASER: GolHE b ) o BRicist 2 HTO 5
FEAER—e F ok 3 HTO RE® =
¥ —ROFE— U F v LM - BRSNS .
HYTRAERTSRA SRR IE, R L — iR
Chmb&) SE2BE [ U+ o AT SRR o
5| $AFEWE pp. 111-112, HiEE (1985).
PR, =HRE b hSRRS Y ovERipfikR
TEER, R UF o sEMETETE &, 130
57,58, 59 &I, I A ¥ — 4RI ERe)
WE2HE (M) F o oHTHBRCEYRE] pp.
76~T7, TEI (1985).

AR 54 725 AN LT Y v+ Y
v, BEOHYD, 188, 150-151 {1986),
BERHE: SA7ASALVEEGELRET S
D7 BHARERTIMEREEry—=2—2

== e

51}

52)

83)

54}

55)

56)

57)

58)

58)

60)

61)

62)

63)

G4)

63)

66}

87)

68}

—127—

i 13, 11-14 {1986),

BREAIERGR « 930 BUSIc B G 2 EEED -
HORXRGEFANADE TN, JAMA QEE
iR, 7,27-33(1986).

WIMET, FRAHEE: & b Y o oB s —
BEEEOER LS VWT—, r2voo e
Ta—3F 4, 9 619-627 (1986).

N, AR R LS o pRERE,
DB, 50, 410-419 (1986).

M BBy, AR Wbk G A (SCE)—
T OEHE & MEEEE~OER—, {L2Ea%s,
4, 25-35 (1986).

FARTEE, #HANERM: TEMraER 4,
RUZhSOMERBILE5 v b3k vov
BRI A AR~ OB, BB
7E#%, No. 101, 51-60 (1986).

FRAE . MEEE IR L Bl —, MRt
£ TR (1986),

PR O3 & M e — s —, =
7/ 74, BH (1986).

FRAGERAL: LBy OBERE, (R v tih 5 i PR (Bt
Fethis:, FH (1986).

R OB, PRAER R SCE—hkE Bk
ML RHE— Y 2 v A7 s — 54, WHE
(1586).

HARMEE: GolHe + Y RIS B 3 HTO %
FEEAHLERT— M icB 1T 3 HTO 28 =
=& —FOME— +YFo LTS - BN
& - SRS A R, & A R
BSE CHABEA) SE2HI [ U+ o 2T R o
YRR ) FRIEEE, THIE (1986),

FAAER . Shiaala s B v 2 T RS oM T
B B WS —in vitro SCE OISR Stk Hrdis iz
Bid- 3 W15E, FiEIESEEEIITRRaEE, a4
TR v ¥ —, BT (19886).

FEAYRER | fRES < b BB OEEE F OfiEvy [
3 SPATHIE, SERED ¢ Rl B FsTis
P WA, BT (1986).

HAME: 54 7 25— ¥ & EFEIE— R
DI b—FHealth Sciences, 8, 24-25 (1987).
TR 5140 7251 A& 1—EB A fiE
BE LANTREAREEE —,  Avedids, 51, 135-143
(1987).

AR 54727 A4 0 & {8E 2SI fERE
[E— R, 51, 274-282 (1987).
TG 54 7 2 5 4 0 &R S— BRI
B & Quality of Life—, 2#fitk, 51,415-
419 (1987).

AR T4~ UsT, BEEESY.-—F
M, 10, 77-79 (1987).

PR (BRI, /MR BICEHD: 754 =
) o« TEES L USSR O -0
HRPEE— EBEEREYyo v ¥F—2, BR
(1987).



69)

0

750

72}

73

74)

78)

76}

77)

i
b

2)

4)

BESANET, B FEREELHEE Ind

Jll e (i) BTG, BHRESENE, Vol 4,
ARE, HIBL (1987).

ﬁﬁ%mﬁk IafFHaoksE & SCE. n/Ng I,

ﬂnt:}L%é(éﬁ) SCE—Iififhutarn{Facti & BRliikl

e AT RT3 —F 4, B, pp. 304
3056 (1985)
iRl 4fFic &5t 5 SCE. Im /g ], 7R

KRR SCE—hlikde s (F3zi & R4
— A Z VAT —F A, HFi, pp. 462-468
(1985).

fRiEst, MR, SHEEE. (b

in vivo SCE OFEFS. In: A 1, ﬁ}:?}i%{r:&(
SCE—filfgeiEs ks &£ BlifS—, v/ x ‘/
A7 4 —F A, HE, pp. 432-443 (1985}.
S Ty A 2 —fE SCE In: PR
OF, FEAIER (D SCE—hiifkifa ikt B

Biflss—, 94 mvX 7454, HFH, pp
497-503 {1985).
ST, L B Ty a v —HRERK

BEE ) v BRI 3 i B I T bk e B Ay (R 3SR
(SCE) & A ZTIGED MO ME, SHEYS
MEsk, 16, 367-373 (1985).

PrFih, E¥ 5 BTEMEED in vivo SCE L
B In /MR, HAPEER) SCE—ImbkiE
SEZE S RERSE— YA T Y2 T —F 4,
WEL, pp. 452-461 (1985),

BEAET, O & #v sEofilEsEt b
IR% Mook, 38, 74-81 (1985).
ZidE T SCE TEmeHsty, Ini /MR OBE, BRERE
BUR) SCE—ifilkHfEnhasin & B4 —
FALALTVART+—F 5, I, pp. 31-54 (1985),

R

Morimoto, K. and A, Koizumi: Metabolism of
benzene and its genotoxicity, XXI-th Interna-
tional Congress on Occupational Heaith (Sept.,
1984, Ireland).

Morimoto, K.: Development of the human
monitoring system for human exposure to
tritium: Chromosome aberrations in human
lymphocytes exposed at Gy to HTO, U.S.-
Japan Cooperative Program: International
Symposium on Health Effects of Tritium (Oct.,
1984, Japan).

Morimoto, K.: Monitoring of occupational ex-
posure to toxic chemicals by the SCE frequen-
cy in peripheral bicod lymphocytes. Interna-
tional Sympesium on Monitoring of Occupa-
tional Exposure to Genotoxins (June, 1985,
Helsinki).

Morimoto, K, K. Miura and A. Koizumi:
Effects of life styles on sister chromatid ex-
change frequencies in peripheral blood iym-

5}

&)

7

8)

9

10}

11}

12)

13)

—128—

phocytes. Fourth International Conference on
Environmental Mutagens (June, 1985, Stock-
holm).

Morimoto, K., et al.: Genotoxicity of diesel ex-
haust emissions in in-vifro short-term assays,
International Symposium on Toxicological
Effects of Emissions from Diesel Engines; Sat-
ellite Symposium of 4th International Con-
gress of Toxicology {July, 1886, Tsukuba).
Morimoto, K. and K. Miura; Life-style factors
affecting the frequencies of sister chromatid
exchanges and chromosomal aberrations in
lymphocytes exposed to carcinogens, Seventh
Internationat Congress of Human Genetics
(Sept., 1986, Berlin).

Morimoto, K., K. Miura, M. Sato-Mizuno et al.
Sensitivities of peripheral lymphocytes from
mono- and di-zygotic twins and their parents
to chemical and radiation induction of chro-
mosome damage, Seventh International Con-
gress of Human Genetics (Sept., 1986, Berlin).
Morimoto, K. Life-style and genetic health
situations, International Symposium on
Human Population Monitoring {Sept., 1986,
Berlin).

Morimote, K. Life satisfaction as an index of
the quality of iife of the elderly, Fourth U. S.-
Japan Conference of Aging (Sept., 1986,
Tokyo).

Morimoto, K; Combined cytogenetic effects of
environmental agents in human lymphocytes
I: Effects of various metabolic inhibitors on
chromosome aberrations, Second Interna-
tional Conference on the Combined Effects of
Environmental Factors (Oct., 1986, Kana-
zawa).

Morimoto, K., K. Miura and A. Koizumi: Com-
bined cytogenetic effects of environmental
agenis in human lymphocytes II: Chemical-
chemical and chemical-physical interactions
in the induction of sister chromatid ex-
changes (SCEg), Second International Confer-
ence on the Combined Effects of En-
vironmental Factors {Oct., 1986, Kanazawa).
Tachi-Shinkawa, K., Y. Kuroda, K. Morimoto
and A. Koizumi: Combined effecis of ethyl
methanesulfonate and cytosine arabinoside
on mutation induction of Chinese hamster V
79 cells, Second International Conference on
the Combined Effects of Environmental Fac-
tors {Oct., 1986, Kanazawa).

Morimoto, K.: Different psycho-physical and
socio-economic factors are associated with the
quality of life in the Japanese elderly, WHO



14}

15)

16)

17)

18)

19)

20}

21}

22)

23)

24)

General Program Seminar (Oct., 1686, Copen-
hagen).

Morimoto, K.: Factors affecting the quality of
life (life satisfaction) of the elderly living in
different environments, The 12th Congress of
the International Society for Research on Civ-
ilization Disease and Environment (Nov,
1986, Yokohama).

Miura, K., K. Morimoto et al: Sister chromatid
exchange frequencies in cells from passive
smokers, The 12th Congress of the Interna-
tional Society for Research on Civilization
Disease and Environment (Nov., 1986, Yoko-
hama).

Hoshi, T., K. Morimoto et af.: Relationship be-
tween daily health practice and objective
physical health, The 12th Congress of the In-
ternational Society for Research on Civiliza-
tion Disease and Environment {Nov., 1988,
Yokohama).

Niino, N,, K. Morimoto ¢f af: The relationship
between depressive mood and social support
among the elderly, The 12th Congress of the
International Society for Research on Civiliza-
tion Disease and Environment (Nov., 1986,
Yokohama).

Morimoto, K. Lifestyle and health—impor-
tance of genetic health, WHO International
Conference on Health Promotion: Workshop
on Learning and Coping (Nov., 1986, Ottawa),
FEAER, /MR W REEREE DAY ) o ERIG
RGESMEZSR (SCE) e Fug 3t - 1
T, 554 BEHAMESSRS (198444 1
IR,

AT, /MR W Gk S ARSI (SCE) B
KRR U AT e irge (e,
BET MR AREENEES (108446 F « 4l
.

A, AU, SEERE RO G,
Ble b ) v 3icsid 5 b9 5 9 s kERLE
HEE— MRS ) F o AREERE =
§ - HOMIE—, BTSN 27 FX
& (1984 4E 10 A « 1D,

AR, =T, NR U LSt
i & BT DRSO & b SRAS Y o/ <Ek SCE ~
DWBORE, EATISHREEAN 13 @A
(1984 4F 10 3 « 5D,

FAYEEL, NE OB NV EVIREB L | v
BRIl D5y A5t (SCR) OIEFEDR, 5 43
[H B ASSEELS (10844 10 § « E5FD,
REAIIENE : IRk (o) (AT OIS AL
EIGH (¢ st P o A EERGIE RO L WE
5O), B ASEHHESEAT 29 BIAS (19844 1)
H « =),

25)

28)

27)

28)

29)

30)

31)

32}

33}

34)

36)

36)

37)

38)

- 129—

AR, AU, SiERE, RO e
RIRE Y ok RIS 4% & amia sy 2eE)
IBR UFRBEAG TSV T, AR AGEEE
BH 20 MRS (19844E11 H « &1l
ZHRE, WA, RSEbE 7P
kY ‘/’“ﬁ%‘éﬁi{g%’%e:&ii’ﬂ*ﬁ%ﬂfﬁﬂ%—;’-?—ﬂ@fﬁﬁ
B, BARNRUEEAE 20 MAS (1984 4 11
H &,

AAIHE, R MR O FERNETO
AR B B MR (AT 3E T —i59a -
SR OS>V T—, 558 EEAES
TS (19854E 3 A - M.

ZIFREE, TRASRE, NMROWAD ) oo e3ERRAN
ek o BE ST A ~ D B B o W T T — 4B
DIRFT—, B 58 [E A RIS S (1985 4F 3
B oAb,

TRAER, ZibiFsE, R B Life style A3
1 0 BRS04 AT BT 1 R+ B
Ko WT, B 55 Bl At aise: (1085 4% 4
B« 1A,

AR, TR, /MR WM 7o —adk
FHERE T 25 Y+ ~Bf SCE 58 o 1
T, 555 EEAUEYSRS (19854E4 7 -
fEAR),

EETTHEL AR AREMEEO 5 v
AR Y > - BRI B S MAT A~ D 38 T —
AV r—, 855 BERARESLRE (19854F 4
A - fig#).

AR, ZWE MR W MMC RO
ANQO D&M £ 3 ik i (8 4) Hoxe g
(SCE) HiE~0EBOH, % 14 B AAESY
DRSS (1985429 A - Fkm).

AT, AR, MR Wil Bsmax
3 BFERFOWSHRI—EMS & AraC
& BICIRTE AR R 14 B A AT R
e (198549 F - M),

BRFTHE, AR S0 SCE R
Ridd HCHO & O, 0IBE{FE, RATREER
[R5 14 ERE (1985 4£9 B - LD,
Morimoto, K, K. Miura and A. Koizumi:
Effects of life style and environmental car-
cinogen exposure on the SCE frequency in
peripheral blood lymphocytes, 85 44 [ H #4i
Hofes (19854E 10 B « BED.

Morimoto, K., et al: ACNU-induced sister chro-
matid exchange and its correlation to clono-
genic cell assay in malignant glioma cells in
vitro, 5 44 HIE 454484 (19854E 10 A -
BED.

ZRYEE, TR, MR W8Ik Lifestyle - &
Bl B A A o P ATHE R R AT b B - B T
78 @ 44 B RAMRMESS (1085410 A -
B,

SR, RIS MR

g, B, H&



38

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

IRHE: WA R U v sERIC i B Euth kR
RFRE o kB s fkzs (SCE) HilEiz>
WT, HAAGEMEYAT 0 EKRSE (19854
11 H - BEE),

TRAHEE SR — A & B, B
56 Bl EAMASe s (1986 4E 3 H - ).
Podaks, =i ERRERT e 2R
i 45 4 BB o K- Rt
BRSBTS 3 ) -8R SCE
WER->VWT— SHE0EBREEMNLESES
(1986 E 4 A - [RE).

A AA I E R T & 5 Y mE
W OSHIERRE, B ERRRAEER
v Uy a—P AR B 3 EEER S EE
A (198646 A - TH).

R WEERE SR S EERETIENR
74— 4 (19864E6 H - BHD.

B OHT, TRAEE MBI LT 1T7A
¥4 EFSARE BRI >VT, BOM
B A AR v v U9 A—BAFEIC B
LS gEES & BUNTER) (1986 4E 6 F - 3D,
A, BREAIH: 7 - BERITIT L B
Bt A0S, 71— F AP R OHEHEE
W AT 4 — 5 4 (19864E7 A - HE).
TRAHR: b b v oY RS IR L
L b U Fo srkig@e=y RO §2
B IRE R ETFE S = & 4+ — S0 R
) RCERUIgTIRG (198648 H « HED.
AR B AR R R A S P SR RO
M-t FSER Y vooBRIC B 1 Bk E AR
# (SCE) 5E5eicild 3009, FEAIREurEmESE
L5 15 [Blk4a (1986 ££ 10 A - |FD.
Morimote, K, K. Miura and T. Hoshi: Life-style
and chromosome damage: Effect of passive
smoking on the sister chromatid exchange
frequency in peripheral lymphocytes, 5 45 T
Bl Aasiaiis (1986 4E 10 A - 4L,
BAYEE, ZiRE: 5y -z v I VR
W e £ B SR U v BRI B B T
% (Sister Chromatid Exchange) FF&iC 20T,
BAATSEERESESE 15 EKAe (19864 10
B - ER).

F AR, FEAdREAR: B v ) v RIS R
b BB & SNl BERE, AR R
JEistaEs 15 [Blka: (1986 510 A « 3R,
WEERFEUR, FRAERh: FORE A E OBiE
HMEREA, 8 45 B EAEE RS (1986 4R 10
A - #.

TRACHER, =ilREith: SRS T S
Mr—imiEic & 5 2EHTEOH-— 8 18~
3, 545 Mg ARG 404 (1986
108 - B,

TR, =R ARER B0 2B
RS OME— Life style ASfURHRERYEE

83}

54}

58)

56)

57)

58)

59}

60)

61)

62)

63)

64)

65)

66)

—130--

iR RIS 0T, R4 RBAL
gpifphziesinds (19R64E 10 B + IiF).
AR, =ilFRE: A O Quality of life i
HEERFTEE— R — ATLEEA BT B
B R R o b —, 8 45 [O F AN
Heittnd. (1086 4E 10 F « JUFED.

E B, #kdid, =iz BRcdiEEg
& BRI AERERE & OBk, 28 45 BIE AR
HBeldn (1086 4F 10 H - 408D,

EINEETe, FRAca@ile: v v <ER/MEIR & e
e L ARBERoE=F ) v, H46EBA
AR (1986 4E 10 A - 1B,
BRIBAET, TRl v b ) v ERiT B B
BHs R O mitomyein-C D&M (Yeiliilis
FH T Uik AR e LT,
B AJAEa4ts 81 Eks: (1986 4E 11 H -
B,

SRR, TRACREEh: AR RRIRIC B BN
Y vkl AT SR (SCE) M DS,
AA A S EasE 31 ERS (1986 11 A -
B,

FEAINSE . SNSRI o e, &2 [
sAT4H—FFy s aP— (LST) 44 (1986
11 H -+ ER).

TEAER, SAlFREEL: YadEeegis L
347 A ¥ A A OUEHEEEE 1 ~ubtkis
(k22§ (SCE) #3548 L T—, 857 BEFHitE
arpeends (1087 4E 4 F « HED,

TR, SRt REsgEeiEES L
547 A YA N OFEEREIE 1 —Fy kg
RaiemE LT—, 57 BRAHEFERS
(1987 4E 4 J » Hi50).

WHIINET, FEAGESh: DAPIDNA dijblf
T & B TUENEE & /N IR ORI, B
57 BIE At aids (1987 4 A - BHRD.
WEFEN, SR, MR O EARBE S
#5 SREROEIEINE, 5 57 EH KHLA R
& (19874 B « B5).

P siesr, Aakiib: Ha - RERCmS >
O o WT, 57 AR AREESRE
(1987 4F 4 H « EHR).

AR, SHEEM: 71 - ¥ AR olE
B —F s — By — I B b ) e
I SCE @5 & T @ donor BREFWATRIZo W
T, Be0ERAERKGEES (198744 8 -
HR).

BRAHER, R s @ F—- s ok b0
R 38 L nERE—E P B <Y
2R RO, 5 60 B B AR LT
2 (198784 B » 7).

NS, i 74 —En e 7= nic
XAk Y vFERONER T SCE OFFICHL
T, 960 HIRAERGLYS (198744 H -
BT,



67)

68)

69)

70}

71)

72)

73)

PR, BRASEER: c/hed 1 B B
WL PR T B MR O AN, &
60 [B| B ARBERMAESES (1987 454 F - WED.
AR, N, B R M E
IR BRI ROBRE, 54 B A
WS AR e (19844E 4 B - BED.

hiBIER, ARERZ, HEEL B
b~ LSRR & A ot~ = 3 T PR
& B L OEBIREOTIZE, % 23 BE 4 ME
FEKRE (1984 4FE5 H « ED,

BREAIR, T, BB | OEIEh AHE
My 80 & B SRR R g ) s
ERC® SCE RO b Ss &%, % 24 [HH
ALK FELANIES (1084457 H « D,
TRIERS, KRBT, SESk B 7
T =D b ) e SERC R TR, 5
SEE A L — -k (19844 11 H -
AL,

EEBAET, INERE, &R I #UKIERE
FUSRE: & bEMFEY 4 v 2RO+ LESGTE
T g ARG Y BRI RN, B
ANE#MEFLE 20EKS (19844511 A5
IH3

EEREFHE, WE M BT B REES &

74)

75)

76)

77

78}

9

—131-

PREZCRER: #2707 & FIOBE & Bk
RO I B EIE, W 25 EIR& IS H
£ (19845 11 § - ),

B 0T, REHR, MBI Bl R
BB ERNES AR R O U050 12 185 B 0F
5L, 55 EIRAMIES A0S (198544 A -
fEA,

BEdliR, fTFiED, B Eib 55 L B
IR EIRE R ORI CE 2 #D. W 28 BN
AEER A SRS RHI T 48 2 (1985 4E 10
H < $hED,

MEARF, BHE il 547 4§ v EREE
BLESMEASHE (SCE) SRER - W, B AJER
(B3 30 ks (19854F 11 H « &8,
BRESSER, Ml B3 k2 e vty »
ASERT Ol B AR ORS, F56E
B Seains (19863 F « i),

HiE B, SRBHLk, RSB vy vERO
EREETE, o 56 [MHARNAEFAMA (10864 3
A - &8,

WD, fRlx, B8 8 v 225
i 5ERER © = 10 SCE R, # 56 @1
AL (1986453 A - i),






