fﬂ’.‘l’%“éﬂ#ﬂﬂzl Aq174 A1 3

of Korean Orthop. Assoc.

Vol 17, No. 1, February, 1982

r o]
2z

Eodulo] Bao] 2AMFY whpao] wlAE ool
AzgAsLd Q7
(XIT RBZER - R W)

SEREECEE L PR

* E R
At o zef et e stmd
& B R

Abstract =

The Cytogenetic Effects of Mutagens on Mouse Offspring
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Department of Orthopaedic Surgery, Presbyterian Medical Center, Jeonju, Korea
Sah Sook Hahn, Ph.D.

Department of Pathology, Yonsei University College of Medicine, Seoul, Korea
(Directed by Prof. In Hee Chung, M.D. and Tai Sun Shin, M.D.)

When chemical agents penetrate the placenta, it is potentially hazardous to the embryo because the embryonic stage is
known to be extremely sensitive to various toxic agents. It has been reported that exposure to some chemical agents during
pregnancy resulted in the induction of malformation or cancer in the offspring of experimental animals (Larsen, 1947; Klein,
1952; DiPaolo, 1964; Druckrey et al, 1966; Mohr et al, 1966; DiPaolo and Elis, 1967; Spatz and.l.aqueus, 1967; Alexandrov,
1968; Fujii and Nishimura, 1969; Rice, 1969; Bulay and Wattenberg, 1970; éurrie, 1970; Vesselinovitch et al, 1971;
Swenberg et al, 1972; Nomura et al, 1973). Fraser and Fainstat (1954) and Kalter (1954) found that administration of cor-
tisone to pregnant female mice induced the appearance of cleft palates in the offspring. The frequency with which this defor-
mity appears was observed to depend on: 1) the genotype of the treated animal (strain differences), 2) the dose of the
chemical administered, 3) the time during the gestation period when the animal was treated. A single intraperitoneal injec-
tion of 5-fluorouracil at 10, 11, 12 or 13 days after copulation in mice also produced abnormalities to the feet, cleft palate and
deformities of the tail in a large proportion of fetuses (Dagg, 1960). Urethan has been considered to be a highly teratogenic
and carcinogenic agent in experimental animals (Nishimura and Kuginuki, 1958: Nomura and Okamoto, 1972). However,
they stated that accurate timing of urethan toxicity and accurate calculation of urethan dosage actually reaching the embryo
make it possible to analyze the sensitivity of the developing mouse embryo to mortality, growth inhibition, malformation
and neoplasm. Nomura and Okamoto (1972) reported that when pregnant mice were exposed to urethan on various days of
gestation (day 5 to 19) by a single injection malformations and neoplasms were induced in their offspring.

It is frequently implied that an abnormal phenotype is due to the aberration in the genotype, but it is not possible to pro-
ve the specific causal relation. Though, the frequent association between a variety of chromosomal abnormalities solves the
problem of how the genotypic and phenotypic are interrelated (Schultz, 1965). 5-bromodeoxyuridine (BUdR) and dimethyl-
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nitrosamine (DMN) induce chromosome aberrations in Chinese hamster cells cultured human lymphocytes and mouse cells
in vivo (Somers and Hus, 1962; Kato, 1968; Matsuoka et al, 1979; Hahn and Kim, 1979). BUdR is a thymidine analog incor-
porated into only the DNA of proliferating cells and its mutagenic action is well understood (Freese, 1963). DMN is a potent
carcinogen which induces tumors of the liver, lung, and kidney in rats (Magee and Barnes, 1959). This agent has no
teratogenic effect in rats when given in doses of different concentrations for different periods of time and.by several routes of
administeration during all stages of embryogeny (Alexandrov, 1967).

The experiments reported in this study were undertaken to investigate the possibility that treatment of ICR inbred preg-
nant mice with BUdR and DMN might shows deformities or abnormalities in their offspring and also to determine whether
chemical exposure during fetus will effect at 32 weeks after birth with second exposure to DMN by cytogenetical means. In
this study, estrus ICR females were mated and 32 mice which had been diagnosed as pregnant were used. BUdR at the rate
of 70, 100 and 150mg/kg of body weight was injected intraperitoneally at 6, 7, 8 days and 9, 11, 13 days of gestation, and
DMN at the rate of 10, 20 and 30 mg/kg of body weight was injected at 8, 10, 12 days and 14, 15, 16 days of gestation. The
offspring were examined macroscopically at time of birth for malformations. All animals were killed at 32 weeks of age and
examined for liver abnormalities. The liver were cultured and treated with 1, 5 and 10 ug/ml of DMN for 18 hours. The fre-
quencies of chromosome aberrations and sister chromatid exchanges (SCE) were analyzed.

The results are summarized as follows:

1. The litter size was reduced on treated animals.

2. Among the 279 progeny from 36 BUdR treated mothers, malformations were seen in a total of 10 progeny and the

group treated at the 9 to 13 gestation days stage had the most.

3. Of the 155 progeny from 24 mothers injected with DMN, none had any visible deformity. However, 37.5% of the

group were found to have liver nodules after 32 weeks treated at the 8 to 12 gestation day stage.

4. Repetitive treatment with DMN of the liver culture of the previously BUdR and DMN treated progeny, showed increas-

ed chromosome aberrations and SCE frequencies.

In conclusion since the exposure of the mother of BUdR and DMN during pregnancy leads to increased chromosomal ab-
normalities of the cultured liver cells of progeny when treated with DMN a second time, it is necessary to keep in mind that
genetic damage may be occure to the progeny by exposing the mother during pregnancy.

Key words: Chromosamal, Cytogenic, Abnormality mutagen, BUAR, DMN, SCE, Mous.
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Aoz FeiA vk wme WHE
A2E AL7} AsAG o Aol SuHm A A7)

Redd ez dolrke FA4 o ot A & of
£%°] A embryo)el #lHA dojvi 7Y dAe] =
QA A 5L Aol Aoz 2w FAH 7
otz e AE Adgol ol B, HaE o3 FH
o} stetEAel B4 B ofde] diuld d7ldlo
2 A okl Bl oL GRS 4L Aol
"‘F‘ A, w13 EA (teratogen) o] 42 tints] &

5"}7‘6‘—‘—’—5- nlgoze 71YPE FHE 5 Ut =
& Aol A £3] FAE L cortisong AF YA -2
o] Bodto g Aol A cleft palate & fritA| F omi??
# Dagg+ 5-fluorouracil & 129/Rr3 BALB/CRr %%
QAL whfzoll B} FAgo 2 gRAEolA W} m
2]e] o4 I cleft palate 5 WP} oleldt HAF
9 AP 4AR wlee AYE5EY A zbAbol (strain differ-
ance) & £ HEAY FxE, 28 FEFY A7

offt

o
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ot Zlgude MEuch Aol of olstn ]
Y Aol ehEA L BF eiZel] FEgE == A
& Apeleh,

AYFEoNA SteEA o] ubE F3le Aol Al B
5+ A& 47| Larson 3 Sinclair® % ol] o3l 4] B 315
F of2|Fe Edwe] 2, UHEHL FL FEFE Y

AZ FEo] Fode HA ARFEAN Fofo] &
whEl = of 37} Q-‘Q—a‘]—?-l] 2 8 5] 9] 3 4.7 48.56,69, 65,73,78,79,
o m @ Foks 4 JFHLE B F gl iz
24,28,39,50,53,7)  {Jrothan& Al ¥ E ol 4] e Ea

2t 8-o] Qe BHEA 0D yrethano] Eixbe] w)
e A A F2F A B Alebg, 8
44, 1Y T2 4 HA5E dod & e duE

A 3lojof ot 723l E e, Nomura$t Okamoto
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Hale of2iFel iAo fazgol s sl
3] o|wl3}c}, Dimethylnitrosamine(DMN) & 7338 wobg
AZA o] AYFFolA 233 ot &l gle]
o4 b, #H &g ARGl gh& Fde 73 Soly
o B oolve) wiel Lo e MY APerE g #
Wate el wE A ™ DMN 2 & =
AZA, 4FA T2 A45 ¢ ghor 19631 Druckrey
%50]'9 0] secondary aliphatic amine®] #|Woll4] sodium
nitrite 2} 1}-3-3}d nitrosamine & A& }n FAg £
A A2 amine E-°]Y} sodium nitrite 7} Z+E Al Fof 3§
o] g Aol e Aoz Qo] of HFEAHA k=
2=+ 7137 gk He] deizich, o}HAlies w
FAeE Ao, UrE, A=, G ER ozt &
7], AAlelME DMNo| ZHEElon]inisinins
Lijinsky 52 A Wol 4 4% & nitrosating agentl °}4
Ak 7 amineoll 2| 3}o] nitrosamine°] A== A& w
23927 Asahina§-2Y AAR oo AidH di-
methylamine & =}-$-2ol &4 Fojsle] FA 7hEAte]
s 2 WA,

o3 o] &4 (mutagen) ¢l 5-bromodeoxyuridine(BUdR)
£ thymidine 9] analog 241 %552 DNAo| Eo7}
Wolg deosle Aol dAR A/C3H-MF % o
Al mhgsol Fofdle] Al whf-zolld FFoAul 7]
ol b5l Aol DiPaolool'® sl A B x|l ot of
Aol HEx gle Adleln Fa Al 7" Bl
Al FEr]l Ad A7t ofF A=A RIn e

F 83 o] A (phenotypical anomaly)-& <l &} (genotype)
9] o]Ao g 3l o= Ao Udxn glovt a1 K
Aol & Fu e WHF G o4 A A7 2l e} BUR
3 DMNeo| 5E3 Age o] o]4E dosl¢ A
& ¥nE u} gle}re s,

2 AFolAE uEeEA 24 mutagen?] BUR 7 %
442 DMN$E ICREE Y4l vhkel 574 F43)
o A5 2F Jejttd o AZ A HE B
A EA3a okEe 9L 9F in vivooll A & 47
9] 7bg okt in vitrooll A thA] FEA P oA
FEs = G4 o] HAsl ¥ adhE wlelt,

o, d@xiz % Uy

1) 2 oA AR (inbred) 2} AR

u] A (noninbred) vFF25 £ AYHA oA 7]
23 (brother-sister bred) 3t =}, Estrusell Sli= <t =}
£F 4 vhgae} 22 AlgAte] 647 H9am-3pm) o]
vaginal plug E7AE 944 0¥E H3tdct,

2) %25

BUdR (Sigma 3] A})2 25mg/ml & Hanks 8oflol] 3|4
3 AYEEL 6702 el 70, 100, 150me/Kg
A4l 64, 79, 84 94, 114, 13l BRF
Al 8l9deF, DMN (Esatman Organic Chemical)-2 10, 20,
30mg/Kg & YA 8, 109, 1245} 149, 159, 169
o 8752} sl

3) BoH HAl

WA FAFE £ AL o4 HAS VY 2 o
o AR 4%— Folt oful2 Yo o) fajed w2 4
Skl Qi 237 VAP o 2Fuie} FES =4
Sol 74 BB UBSl G PAE WAL,

4) Mzt DMN &£0of

A Ak~ 9 7t in vivooll 4l BUIR# DMN & #He
Ae 7he] AR5 3 Ele] Al Zwul)oFS MEM (mini-
mal esscntial medium)oll 10% fetal calf serum-3 7}& )
A2 ufckdt & Aehul ok (subculture) Shod 484) 7k Fofl 1,
5, 10ug/mle] DMN 22 18417 A2jstgle}, dlzie
FEMelE WA e A4 A7 FAEE weky A
3 oFEA e B A FAZEE AHEEI e

2) A ola=A

G FEA -2 Moorhead 59 v & #H 3 slo] AL
&8st Al 2438 547 Aol coleemid(Ciba) & 2
55 0.5ug/.ml% 7hek Al ZE 7FSla F 0.075M
KCl-¢ele 2 1047}t 2| d 3 Carnoy &8 o & 147
F slideol) A 25 Hojmd] F7)7AZ A7}, 2447 &
silde & Giemsa(Harleco) &ool| 4] 2047} 3 A7}, 2+
AYFNA 50709 F714e AR "He|A A&
g3kt

6) Xtof AR W xAb

el of &4 i 3 (sister chromatid exchange;©] 3} SCE)
JEAze AlZ 483517 48417F Aol BUIRE 50uM
2 5otz 30417k ol DMN A 2] 83 134] 7- o] col-
cemid- & | EFFE 0.5ug/mlE A28l 5 A7 A
2E 483 ¥ air dyd o2 slide S ARG, 24
A7kl A 4841 7F Fo] ¥ 2L Hoechst 33258 107 M-8
o2 dA3}s 0.16M sodium phosphate-0.04M  sodium
citrate (pH 7.0 % 923F 200W 4L 53 35WA LA 5
ol A 3A17F 22417 F 5% Giemsa-2 oA 155
EAEER e s S

7+ Ay FollAl 50709 AEE Basie] SCES W=
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1) EiXle] Al @D ojM 8

(A) BUAR £0{F : §JA15 BUR A H v}-$2% 2
ARl AL A5 S BiEee 2 AgFelA 8.3
WA 6. 70192 zde HF Arlee 8.3 ol
BUdR 9] oko] Fsldtol whet A9 & Fz} 243
£ A%E 2ok =¥ H 70mg/Kg9 BUIR A7
e oJae oj4eo] AR ¢stor} 100mg/Ke
ol 42 okE AejFollMe 9 o]ate] 24, el o)At
o] 6o, mele] oj4e] 2djc]len] e HE E
2 P4 A5 NYelda mnev no Y Byl
et (Fig. 1). b8 Fof A|7|9} 713 Aol Hls = 94l
9 —11—13%4] BUJR 100mg/Kg ¥ 200mg/KgFdF
ol 27t 8,.9%%} 12.5% 2 6 —7 — 3 Uoll $98 7
$-3ob 578l% o} (Table 1).

2) DMNXx|2 : 941%F DMN A2 g wl929] 47|

oA bl ol4he il HE A7 s+ 24 A
FollA 7.5WA 5,003 Rz E 8003w,
oA g Foifol gt ot A7 & FL
sglon BUdRA B 7oA B} ol $ s, 45
F olfAI7A o Autge dzTolde Yo 4y
FolAE 1792 Y8 498 A2 3,57-20%0) &
agi o,

20mg/KgolAtel DMN-& A 2§ FollA 4 F 203 e
323 Alolol] FrollAl £ A (nodule) o] WA o
g AA A7 vl§-29 50-37.5% A1, YA 8—
10—129 ] Foj FollAuc} o WYl s & Bl
t} (Table 2).

2) M olaEg

A AlF 150mg/Kg 2l BUIR#} 30mg/Kg2l DMNo &
A Zzhe] vhgs e} dz2Fe A7E AF 32
Fol| Tabsle] zhe] HARANE AZ wjokstd A
ol dHIEE AAY A} d2F (Fig. 2)0l vzt AY
Toll A A Axto]ut d A mFFel GAA o)A

ul o
5

Table 1. Gross malformations in offspring of pregnant mice treated with BUdR

Daily dose Treatment Total Live birth No. with malformation Total malformation
(mg/kg) gestation (day) pregnant No.  Avllitter eye foot tail No. %
Control 6 7-8 6 50 8.3 0 0 0 0 0
(Hanks’) 9-11-13 6 49 8.2 0 0 0 0 0
70 6- 7- 8 6 50 8.3 0 0 0 0 0
70 9-11-13 6 47 7.8 0 0 0 0 0
100 6-7- 8 6 49 8.2 0 0 0 0 0
100 9-11-13 6 45 7.5 1 1 1 4 89
150 6-.7- 8 6 48 8.0 0 1 0 1 2.1
150 9-11-13 6 40 6.7 1 3 1 5 125
Table 2. Liver nodules from offspring of pregnant mice treated with DWN for 32 weeks

(mg/kg) gestation (day) mice No. Avllitter weaning mice period (wks.) umors

Control 8-10-12 4 32 8.0 32 0 0 32 —

(Hanks") 14-15-16 4 31 78 31 0 0 32 -
10 810-12 4 28 7.0 27 0 0 32 -
10 14-15-16 4 30 75 28 0 0 32 -
20 810-12 4 25 6.3 22 2 91 28 —_
20 14-15-16 4 28 7.0 27 0 0 32 -
30 8-10-12 4 20 5.0 16 6 375 20 —
30 14-15-16 4 24 6.0 22 1 50 32 -
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Table 3. Frequencies of chromosome aberrations in different concentrations of DMN treated on cultured mouse liver cells
of offspring treated with BUdR and DMN during pregnancy

Cells preconditioned D’(‘u’:/;"l;'c' ngl’lzd T:;:'"I:t‘i’(‘):f Aber/cell (£S.E)
Control - 50 5 0.10£0.05
1 50 37 0.74+0.13
5 50 51 1.02+0.34
10 50 72 1.4440.38
BUdR (150 mg/kg) - 50 7 0.14+0.66
during pregnancy) 1 50 - 38 0.76+0.21
5 50 46 0.92+0.20
10 50 74 1.4840.46
DMN (30 mg/kg 1 50 16 0.32+0.26
during pregnancy) 1 50 47 0.94+0.19
5 50 56 1.12+0.19
10 50 83 1.66+0.24

* Mouse was sacrificed at 32 weeks of age

o] frsloict. JAlw FEAYE A W& FEA
248 A7 7 ATlAe Az GAA o4l 0.1
+0,050]g.e™, 1, 5, 10ug/ml 8] DMN2.2 in yitrooi A
A3 QA o] AL A Er} 1,44%0,387A FEol v
2} Z7}sledc), dAls] BURRE As 79 AR
AL A o]4te] 0,140,662 25 in witrool Al
DMN o2 4] A2l§ 23 (BUIR+DMN) GA4A <4
£ 0.76+0,21014 1,48%0,4674A F 2ol wtel o & F
sb=l9l e.d (Fig. 3), DMN A 2|F 4] Q44 o]l
DMNeoZ Hi sz e APFoldE Ax 0,32+
0.2691 4} 1ug/ml 7t 9] DMN © 2 (DMN+DMN) A 2} ¥
0.9410,19904 1,6610,2458 Z7 HA 35 Frtste A
o] o] (Fig. 4), BUBB+DMNA2lF e} 2 Hlx
2} ®.¢dc}(Table 3).

3) Xiof SAEH meH(SCE) iz

Al o]Aute 2 M (chromatid) Hell 4] U
Ui o B g E3E A BAE 4 glolA A
AS g A3 (Fig 5). dA= FEHE A @e ¥
oAl 2437 A7) A FeAE SCEQ 47 AE
t} 4.68+0,340)93 o37)el 1, 5, 10ug/ml2] DMN 2
2 in vitrool A thA] A3 A7 10.5610.2500 4 13:04
0.2671A ¥xo utzt Az Fristg e BURE 94
wjal whe ATl 7.0620,3401UR in vitro E
DMN & o} H2|g FollA+ 10,7810.4014 12,86
+0.387% & Z718t e (Fig. 6). DMN€ Al=fqt ¥
& AP FolAE 7.66110360|R T in vitroZ DMN &
el o) AX g Foll A& 12,42+0,35014 15,08+0,46

7A Frol wat #A{ FrHE HolA (Fig. 7). BUAR
+DMNF Rt} 52 Z718E 2%} (Table 4). SCEY
53 g o)l E w} of 10uf oulEA el

V. &% o Dot

Abatell gle] A et 713 (maltormation) 2l 5% &
fAzte] Edwole] A Aolx, 10%E FAA o
Aol A 2l 5% e Zobd 4 ol HAEHY JY
ol 4 dojrdciz et

718 & (teratogen) 2+ thalidomide & ¥ 41 3ked vi-:
rus, €&, urethan, % 9| alkylating agents, T o] &
A Zo| gl riboflavin A%, At4£AH, x-ray$ol AU
‘;]_Qv10'22.37.50'55.55.59-61'67'55.69.75»80'31) AE‘@%%—E guinea
pig, F, & & SoE oA AlFe] Yx k2 F
ol A5 & (strain)o] A, £F, vlsF, hybridF
oA Z7 g2 FF9 7lFe] dAsteBE dA Ql
D‘_l.‘7.48,50,55,ﬂ).

BUdR & Edulo] &4 g deoxynucleotide triphos-
phate = 4] Al ¥ 3} uracil o]t} cytosine 3 A o]} uha] 7}
A 3. thymidine ¢] analog 8.4 BUdRE ¥l¢]% DNAE 7}
R A AESE A4 RE T 4 dEAE 2ARE
Ax 2 Ao FH9 shrjelr,

DMN & dialkylnitrosamine & 2.4 #4toj v} wg$
alkylate S}-=d] Fod#to 24 g4 o]4e A3 of
=}2] 71338 A (organogenesis) o] Yol Y4l 2719l 7]
2Aql AlAchrtell W E Fro] o]F e o4& F
W 4 9l Aot eldlA (placental barrier) & 5
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Table 4. Frequencies of SCE in different concentrations of DMN treated on cultured mouse liver cells of offspring treated

with BUdR and DMN during pregnancy

Cells preconditioned D'&f;;‘“' SEZ]’,‘:’ T°‘aslg5°' of SCE/cell (£S.E.)
Control ) 1 50 234 4.68+0.34
1 50 528 10.56 £0.25
5 50 593 11.8640.40
10 50 652 13.0440.26
BUGR (150 mg/kg 1 50 353 7.06+0.34
during pregnancy) 1 50 539 10.78 +0.40
5 50 600 12.000.56
10 50 643 12.86+0.38
DMN (30 mg/kg 1 50 383 7.66+0.36
during pregnancy) 1 50 621 12.4240.35
5 50 727 14.540.66
10 50 754 15.08+0.46

* Mouse was sacrificed at 32 weeks of age

gle] okEo] Eiztell vlAE e Lol A Bl
of 59 SA4oll oulstm2 ol 3t F4o] A AL
Tomatis, Goodal”® 2} Alexandrov, Shendrikova® oll ] 3l 4]
H %9 el, 3-methylcholanthrene ©] v} 7, 12-dimethylbenz-
(a)anthanene-& YAl o}F Aj7]olvt ejub-g F33hA 4
o] w327 Urethan-& YAIF ol A]7]olvt A
FA ¥33kE Aol Nomuraol®® ste] T 2AA
8 ofgo] gHbg F3e AE7 pEEE E Ayl
£ ok Fel A7 Belsdon] w kol et §
A A7lel w)e oz #go] chrmg 7o Fok LA
o] ofiglze} A7) E wlastat,

Agent 2] #H8o] e oA, UA A7]E cfE2A A
ZatAY =3 bl wals 71y FAgold 7]
g9 Ffol o]t e AE WAL TN Z 8w
Aol F2 (rubella) Fde] LAl A 4 F o] AUAUS A
+ E‘E°]'7P 7188 712 YR+ 47%) wisie] dAl
5 —8F0al 7ol 22%, YA 9I-12F Afol=7%
aga %'*J 13-16%2] %ol 6%0lst2 FelErt
& ghe}, ol Hake
ical period”7} Slem A@Ho R 7|FE dFol F27
&g glrpp 2o}!%¥®  Time-specificity += agent-speci-
ficity o 37 Wietsd] F 93w EqF Fo gl uleis] &
ol Aol ztol7} e A= m#is]elof szt

et dgez Aol 7y fFisiA gviet
% 34 (hyperplasia) o] 22 4% e, Alghel] glo]
A QA A 3F7AA, FE(rodent) ol YolH = A A
6 A7 setEAE wekE Wl HAeolt viol Alntol

29 719 F-deof QeI “orit-

olojubeh, 71784 24 (organogenesis) & AFatel Lol
Ae o 3-8%, Bl YolAE 7 162 ol A
ofbeb®, el 3 o] A7kl $RTFE wAA F el
ol A& Fof A7 HE FH=lyx Folc}, Hydroxyurea
Z.2 cyclophosphamide -2 DNA-damaging mutagenic ter~
atogen& o 5hd] zH&o| zsle] 4dE 49 wix} AL
% & sz oleld 480z AFol HoluAl el

Aefdog ol EAF A 7jol] Fogojof b,

918 el 713 urethan®] 7% 415 lole) 7] (or-
gan) ¢ 3} (differentiation) 7} Yol w T3 31l Hut
°HL51°4 29 xorayth SHE FEEAAHE 2o A
2 Bzl Teiut Aa) e ZAeA o 4
°H—J°IE¥ ZF $02A Y Fu P ojuid
segaed As wodol 2 SEeld FAol &
wsei g W4T A% Fofsloiol mz A
e A Skl e 2 0, 224 o
Fol wArAlolG YAF of 1 A A7l of 2B
#3489 FolzA %ﬂ;} £ 719 ol9elz YAz
Q4 F Folelt FAHekn JHH o= HuE
dojzts AfolA] ohg DAY 4 glong AL ofo]
gbx 23 Fol7) dasiekn Azbgel,

FA)o] whZ Aol Fakol i clvlEs} T2 A
& kot Aol M E4eo] & DNAZL +5 22 (mis-
repair) 22 dAbo] HAE £ KA AFo Yo
Ao F&o] Hon®™ QA Z7[oA e A=
E DAZE YA F7lolA Bde] e A E M onl

< 5
Al
o
57} %31 244 (regeneration) 5] += 7toll 4] Fof F-Mto]
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=2 79| Chernozemski 2} Warwick, Lane%dll 2|sj4
2y slged B AFdAs oAl 8 —1246] DMN 5
o FAA 14—16Y FolF Ml Fholl 47 Mo} Fo] %
A Aoz AHH AHRE 2o,

Hsu$} Somers+ BUdRo] A A o]A-& Fubdlrie
AHE w7 ed 2E2 BUIRS| A2 DNAZ &
Asle) Aoz DNAS #A4Hd £dAo] wisln
ATl Q4A A zA FHEHUR AsAct, o
Edulo] il MAEAE FAAY AAE do7
= E4o 7=, A Aol A7 o8 7tx
Habo] sl o AZ ATEEA] o Hd
AZEAE Agsicst AZe FAs wefa o
AF kel i Agdazol g 7 8E ol FA e}, o
E% A Aol dAd A Uck= FAE &4

] et 25 iyl o 299 a4l (nucleotide)
o} id ol AAJE Reletm AlALetgch, A4
Aol UM Ao} LAzl Fzel A7 FAH
el A 29%A Pol thFa U= RATL A4} ¥
Bl Hal "o} 75l Held FAAQ F2=7t o}
Yehe e guad Ao, B dFelA sixie o
w49 g g A Zol|A ohA] DMNA 2] & W
om g JA o] ie] Frtd AL AHF G A4
ol AA MEEAAl A 27} FA o] FHoll 3l& &
A Lol owd FFE FE A Fo} DMNH 4] A1
o] 4¢ &A= Ho| ol 7}t F4E 4 AUrk, = Per-
ry 2} Evan® o] ® 9} 7ho] Aw] JARA ailz ¥4
Az o] AuEA YAl o] 4E A E F A A
H A EA 3L subtoxicd S WEARE Fibsw
FrAglale] £Ag w22 qulEA dHoz $4E 4
oA st g Hgo) A Au] A wP-E
A olatrcel oF 109 o] Fe] AAEHL,

_\Zrﬂ.rl

)

V. & =

EdA o] EAF wbelE Al 5-bromodeoxyuridine
(BUdR) 3 oFEA Q] dimethylnitrosamine(DMN) & <%
YAl sHSAICR)Y FodF vlx) = 58 Fejstd o
A 2GR ez (A3 shed ulEnA (noni-
nbred) "h$-A5 B AFAWlA 70 Fasled of] F
=9 BUdR# DMN$ 94l Al7l& o2 4 ""‘701’-71"—*]' 3}
ddt, A7 FAF o)A LA FATIL 32F °.J_ Fol
EA4ste] 7e A3 kst b4 oE FEe DMN 2
2 Aedto] 4] olAy) SCEHIEE A E4dlo]
g} 2 AnE A9l

1, ohEXgFolA =AY 374 (litter size) = A
3 Zasiad,
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2. BUdRZ A3 36vte]e] ofnm|oll 4] Z4l%l 2797}
2] A7 F 10vfe]ol A o] Ae] WA=l on] QA 9

ol 4 139 Alolell Halgl ATl v go] Frtsied
o},
3. DMNo g Helgl 24ule] ofm|ol# A 24b% 155

otz] A7 FeAE A4 olabe] 327 F5E A HA
okgkont 914l 8 o4 1296l Aelxl Ay FlAE
o} o] Aol 37,5% 7+ sl ek,

4, BUARA 2 71429 DMN A 2] 7k4| 2ol DMN &
in vitro 2. thA] M e|qt A JAA o4z A=] J AR
A mPo] HAFA Frisldc

olAte) A#AE Fsle] ¥ o wel FHeIH T
el E4gl BUdR eIV Wb-E4sl DMN g ¢4l =t
2ol Fosln] "lzte] FAQA] ojul g wEHE AA
Hog Foli FAFo ohA] WekEA =& 2 o o
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Explanation of Figures

Fig. 1. The malformations of the fetus which born from BUdR treated mouse.

Fig. 2. Normal chromosome of the cultured mouse liver Fig. 4. Chromosomal abnormality of the progeny from
cells (control group). DMN treated mother followed by re-exposure of 10 ug/ml of
DMN at 32 weeks (DMN + DMN).

°
Fig. 3. Chromosomal abnormality of the progeny from Fig. 8. The normal SCE of the cultured mouse liver
BUdR treated mother followed by re-exposure of 10 ug/ml of cells.

DMN at 32 weeks (BUdR + DMN).
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Explanation of Figures

Fig. 8. SCE of thie progeny from BUdR treated mother followed by reexposure of 10 ug/mi of DMN
at 32 weeks (BUdR + DMN).

Fig. 7. SCE of the progeny from DMN treated mother followed by reexposure of 10 ug/ml of DMN at
32 weeks (DMN + DMN).
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