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ABSTRACT : The detection of many synthetic chemicals used in industry that may pose a genetic hazard in our
environment is of great concern at present. In this respect, administrative authorities has great concern to regu-
late and to evaluate the chemical hazard to environment and human health. The clastogenicity of 28 synthetic
chemicals was evaluated in Chinese hamster lung fibroblast cells in vitro. Glycidylacrylate which is one of the
most cytotoxic chemical among 28 chemicals tested revealed clastogenicity in the range of 0.31~1.25 {ig/ml both
in the presence and absence of metabolic activation system. Neopentyl glycol (340~1360 pg/ml) also revealed
weak positive result both in the presence and absence of metabolic activation system. Cyanoguanidine
(420.5~841 pg/ml) and N-butylchloride (231.5~926 [1g/ml) revealed weak positive result only in the absence of S-9
metabolic activation system. Nevertheless total aberration percentages of N-butylchloride in the presence of met-
abolic activation system, and 3,4'-dichlorobenztrifluoride in the absence of S-9 metabolic activation revealed
above 5% aberration, there is no statistical significance. From the results of chromosomal aberration assay with
28 synthetic chemicals in Chinese hamster lung cells, glycidylacrylate (CAS No. 106-90-0), neopentyl glycol
(CAS No. 126-30-7), N-butyl chloride (CAS No. 109-69-3) and cyanoguanidine (CAS No. 461-58-5) revealed pos-
itive clastogenic results in this study.
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Introduction

There are many synthetic chemicals used in chemical
reaction processes in industry. The establishment of toxic-
ity and detection of synthetic chemicals that may pose a
genetic hazard in our environment is subjects of great con-
cern at present (WHO, 1971).

Several assay systems having rapidity and reliability
have been introduced for this purpose, such as reversion
test with bacterial gene mutation (Ames et al., 1973, 1975;
Maron and Ames, 1983), chromosomal aberration assay
with mammalian cells (Ishidate and Odashima, 1977),
micronucleus assay with rodents (Hayashi er al, 1992;
Schmid, 1975). These assay systems are now well used to
evaluate the genotoxicity of chemicals and also frequently
adopted as methods for an index of genotoxicity world-
wide. Furthermore, it was well applied as a screening
probe for the detection of possible carcinogenic sub-
stances in our environment. Since the tens of thousands of
man-made chemicals that have been introduced into the
environment in the last few decades must also be tested for
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their damaging effect on DNA, the agents that cause this
damage must be identified.

Despite the many toxicological researches on synthetic
chemicals, there are few reports on the genotoxicity of
some chemicals especially used in chemical processes in
industry. In this respect, administrative authority has great
concern to regulate and to evaluate the chemical hazards,
and conducted the toxicity evaluations of synthetic chemi-
cals. Our laboratory had also been involved in toxicity
evaluation, we reported the clastogenicity of major tri-
chothecene mycotoxins such as T-2, HT-2 toxin, nivale-
nol, deoxynivalenol (Ryu ez al., 1993a), chemicals (Ryu et
al., 1994a, 1994b, 1996a, 1996b, 1998a) and oriental
herbal drug (1998b) using Chinese hamster lung (CHL)
fibroblast cells in vitro.

In this study, we aim to elucidate the calstogenicity of 28
synthetic chemicals used in chemical process with CHL
cells in vitro.

Materials and Methods

The experiment was performed as described by OECD
(1993) and Ishidate and Odashima (1977) with some
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minor modifications (Ryu et al., 1993a, 1994b, 1996a,
1996b, 1998a, b) which are briefly summarized as follows.

Cell Culture )

A clonal sub-line of a chinese hamster lung (CHL) fibro-
blast cells was obtained from the National Institute of
Health Sciences, Tokyo, Japan. The karyotype of CHL
cells consisted of 25 chromosomes. The cells had been
maintained by 3~4 day passages and grown in a mono-
layer with Eagle’s minimum essential medium (EMEM,
Gibco, 410-1100EA) supplemented with 10% fetal bovine
serum (FBS, Gibco, 26140-020). These cells were main-
tained at 37°C in 5% CO, atmosphere.

Reagents

Trypsin-EDTA and colcemid were the products of Gibco
BRL Life Tech. Inc. (Gaithersburg, USA). The test chemi-
cals were kindly donated and purchased from several com-
panies as indicated in Table 1. The test compounds were
dissolved in dimethylsulfoxide (DMSO). The preparation
of rat liver S-9 fraction for metabolic activation system
was previously reported (Ames et al., 1973; Maron and
Ames, 1983). The S-9 fraction prepared was stored imme-
diately at —80°C before use.

Determination of the 50% growth inhibition con-
centration

Test article dose levels were determined prior to the
main study in a dose range-finding study performed in the
absence of a rat liver S-9 activation system. For the growth
inhibition assay, CHL cells were seeded at the density of 5
x10* cells/ml into 96 well plates. Twenty-four hours after
seeding, several different doses of sample were separately
added and incubated for 24 hours. And then the 50% inhi-
bition concentration (ICsg) values were calculated by MTT
assay (Mosmann, 1983).

Chromosome aberration assay

For the aberration assay, three different doses, including
the ICsq value as a maximum dose, were prepared and sep-
arately added to 3-day-old cultures (approximately 10°
cells/60 mm dish). In the absence of metabolic activation,
cultures were treated for 24 hours with the test article,
while in the presence of metabolic activation, cells were
treated for 6 hours because of toxicity of S-9 and then
maintained for 18 hours in the fresh medium to adjust a
time equivalent to about 1.5 normal cell cycle lengths.
Treatment was followed by addition of medium contain-
ing colcemid at a concentration of 0.2 pg/ml. After 2 hr
further incubation in the presence of colcemid, metaphase

cells were harvested by centrifugation and trypsinization.
The cells were swollen with hypotonic (0.075 M) KCl
solution for 20 min at 37°C, and washed three times in ice-
cold fixative (methanol : glacial acetic acid=3:1). After
centrifugation, the fixative was removed, and cell pellet
suspensions were prepared by pipetting gently. A few drop
of cell pellet suspension were dropped onto precleaned
glass microscope slides, and air dried. Slides were stained
with 5% Giemsa buffered solution at pH 6.8 for scoring of
chromosome aberrations. The number of cells with chro-
mosomal aberrations was recorded on 200 well-spread
metaphases at the magnification of 1,000 with Axioscope
microscope (Karl Zeiss, FRG). The classification of aber-
ration types referred to JEMS-MMS (1988). Breaks less
than the width of a chromatid were designated as gaps in
our criteria, and not included as chromosomal aberration.
The incidence of polyploid and endoreduplicated cells was
also recorded when these events were observed. Solvent-
treated cells served as controls in this experiment.

Evaluation

CHL cells usually have less than 3.0% cells with sponta-
neous chromosome aberrations. Aberration frequencies,
defined as aberrations observed divided by number of cells
counted, were analyzed using Fishers exact test (Altman,
1993) with Dunnetts adjustment and compared with results
from the solvent controls. Therefore, data from count up
well-spread 200 metaphase cells were expressed as per-
centages, and then dose-dependent responses and the sta-
tistical significance in p-value will be considered as
positive results in our judgement.

Results and Discussion

It has been widely assumed that mutation represents at
least one step in carcinogenesis. The evidence supporting
this idea is that the majority of mutagens are carcinogens
(McCann et al., 1975) and, for at least some compounds,
mutagenic potency is closely correlated with carcinogenic
potency (Meselson and Russel, 1977). Moreover, mutagens
and certain non-mutagenic carcinogens have also been
found to induce chromosomal rearrangement (Zimmer-
mann, 1971) which may affect carcinogenesis by altering
gene expression, perhaps by allowing the activation or
inactivation of cellular cancer genes (Radman et al., 1982).

Several short term methods have been developed (Ames
et al., 1973; Maron and Ames, 1983; Mersch-Sunder-
mann et al., 1991) for predicting the carcinogenicity of
chemicals and also been introduced to the evaluation of
genotoxicity (Ishidate and Odashima, 1977; Matsuoka et
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Table 1. Chromosome aberration assay of 28 chemicals in chinese hamster lung cells

Test chemicals  Manufactured Concentration without(—) or Aberra.t ion Frequency(%) Tota! Extra aberrations (%)

(CAS No.) by (ug/ml) w1ﬂ1(1.-) S9 Chromatid Chromosome aberration g csg poly endo
mix Br Ex Br Ex (%)

DMSO - 12405 0 0301 0 152059 07 0 01 0

+ 08103 0 04+02 0 12404 05 0 0 0

1,3-Propane diol K 900 - 3 0 0 0 3 1 0 0 o0

(77-99-6) 450 - 2 0 2 0 4 I 0 1 0

225 - 2 0 1 0 3 0O 0 0 0

900 + 2 0 1 2 3 1 0 0 o0

450 + 0 0 2 0 2 1 0 1 0

225 + 2 0 0 0 2 0 1 0 0

2-Methylpropaneni- E 691 - 2 0 1 0 3 1 0 0 0

trile 3455 - 2 0 0 0 2 0 0 0 0

(78-82:0) 172.75 - 2 0 0 0 2 1 0 0 0

691 + 2 0 0 0 2 0 0 2 0

3455 + 2 0 0 0 2 0 0 0 0

17275 + 2 0 1 0 3 1 1 0 0

1,2-Propanediamine P 741 - 3 0 0 0 3 1 0 0 o0

(78-90-0) 370.5 - 2 0 0 0 2 0 0 0 0

185.25 - 2 0 0 0 2 2 0 2 0

741 + 3 0 0 0 3 2 0 0 0

3705 + 3 0 0 0 3 2 0 0 0

185.25 + 2 0 0 0 2 1 0 0 o0

1,3-phenylenedi- B 95 - 1 0 1 0 2 2 0 0 0

an_line-4—sulfonic 475 _ 1 0 0 0 1 1 0 0 0

?ggeu) 2375 - 1 0 0 0 1 0 0 0 0

95 + 2 0 0 0 2 2 0 0 0

475 + 2 0 0 0 2 1 0 0 O

2375 + 1 0 0 0 1 0 0 1 0

1-Amino-2-chlo- M 75 - 1 0 0 0 1 0 0 0 0

robenzene 375 - 1 0 0 0 1 2 0 0 0

95-51-2) 18.75 - 0 0 0 0 0 0 1 0 0

75 + 1 0 0 0 1 0 0 1 0

37.5 + 1 0 1 0 2 1 0 0 o0

18.75 + 1 0 0 0 1 2 0 0 0

1,3-Dichloro-2-pro- M 129 - 3 0 0 0 3 1 0 2 0

panol 64.5 - 1 0 1 0 2 0 0 0 1

(96-23-1) 32.25 - 0 0 1 0 1 1 0 0 0

129 + 1 0 1 0 2 0 0 1 0

64.5 + 1 0 1 0 2 0 0 0 0

32.25 + 1 0 0 0 1 1 0 0 o0

Benzylamine T 107.2 - 3 0 1 0 4 1 1 0 0

(100-46-9) 53.6 - 2 0 0 0 2 0 0 0 0

26.8 - 3 0 0 0 3 1 0 1 0

1072 + 2 0 2 0 4 0 0 0 0

53.6 + 3 0 2 0 4 2 0 0 0

26.8 + 2 0 0 0 2 1 0o 2 0
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Table 1. Continued

without(~) or Aberration Frequency (%) Total Extra aberrations (%)

Test chemicals  Manufactured Concentration . ; .
C berrat
(CAS No) by (ug/ml) with(+) S9 Chromatid hromosome a e(rg/j)lon ctg csg poly endo

mix Br

m
4]

1,3-Dipheny! guani- A 423 - 1

dine 21.25 -
(102-06-7) 10.58 -
423
21.15
10.58
Glycidylacrylate A 1.25
(106-90-0) 0.63 _
0.31
1.25
0.63
0.31
1-Bromo-2-chloro J 76.5
ethane 38.25
(107-04-0) 19.13
76.5
38.25
19.13
N-Butylchloride B 926
(109-69-3) 463
231.5
926
463
231.5
2-Butene-1,4-diol F 1.25 -
(110-64-5) 0.63
0.31
1.25
0.66
0.31
Diisopropanolamine L 74.1
(110-97-4) 37.05
18.53
74.1
37.05
18.53
Pentaerythritol S 272
(115-77-5) 136
68
272
136
68
Hexamethylenedi- K 116.2 -
amine 58.1 -
(124-09-4) 29.05
116.2
58.1
29.05
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Table 1. Continued

Test chemicals Manufactured Concentration without(—) or AberraFion Frequency(%) TotaJ. Extra aberrations (%)
(CAS No)) by (ug/ml) w1th(-.l-) S9 Chromatid Chromosome aberration ot o | i

mx Br Ex Br Ex (%) £ € POy endo
Neopentyl glycol K 1360 - 7 0 2 0 8* 2 1 0 0
(126-30-7) 680 - 6 0 2 0 g* 2 0 0 0
340 - 4 0 2 0 5 1 0 0 0
1360 + 6 0 1 0 7 2 1 0 0
680 + 4 0 1 0 5 0 0 1 0
340 + 5 0 2 0 7 1 0 0 0
N,N’-Dimethylace- C 870 - 1 0 0 0 1 0 0 0 0
tamide 435 - 2 0 0 0 2 10 0 0
(127-19-5) 2175 - 1 0 0 0 1 0 0 1 0
870 + 1 0 1 0 2 0 0 0 0
435 + 1 0 0 0 1 0 0 0 0
217.5 + 1 0 0 0 1 1 0 0 0
2-Ethylhexanoic acid U 721 - 1 0 0 0 1 0 0 0 0
(149-57-5) 360.5 - 2 0 0 0 2 1 0 2 0
180.25 - 2 0 0 0 2 0 0 0 0
721 + 1 0 0 0 1 1 0 0 1
360.5 + 2 0 0 0 2 0 0 0 0
180.25 + 1 0 0 0 1 2 0 1 0
3,4’-Dichlorobenz- A 21.5 — 3 0 1 0 4 1 0 0 0
trifluoride 10.75 - 3 0 2 0 5 1 0 0 0
(328-84-7) 538 - 5 0 1 0 6 0 0 0 0
21.5 + 3 0 0 0 3 1 1 0 0
10.75 + 2 0 0 0 2 1 0 1 0
5.38 + 2 0 0 0 2 0 0 0 0
Cyanoguanidine H 841 - 8 0 5 0 12% 3 1 1 0
(461-58-5) 420.5 - 6 0 1 0 7* 2 0 0 o©
210.25 - 5 0 1 0 6 1 0 0 0
841 + 4 0 1 0 5 1 0 0 0
420.5 + 5 0 1 0 6 0 0 0 0
210.25 + 4 0 1 0 35 1 0 1 0
4-Aminopyridine M 35 - 3 0 0 0 3 0 0 0 0
(504-24-5) 175 - 2 0 0 0 2 1 0 0 0
8.75 - 0 1 0 0 1 0 0 0 0
35 + 1 0 0 0 1 1 0 0 0
17.5 + 2 0 0 0 2 1 0 0 0
8.75 + 2 0 0 0 2 0 0 0 0
4,4’ -Bipyridine zZ 156 - 2 0 0 0 2 1 0 0 0
(553-26-4) 78 - 2 0 0 0 2 0O 0 0 1
39 - 1 0 0 0 1 0 0 0 0
156 + 2 0 0 0 2 2 0 0 0
78 + 1 0 0 0 1 0 1 0 0
39 + 1 0 0 0 1 1 0 0 0
N-(1,3-Dimethylbu- B 180 - 2 0 2 0 4 1 0 1 0
tyl)-N’-phenyl-p- 90 - 2 0 0 0 2 0 0 0 0
phenylenediamine 45 _ 2 0 0 0 2 1 0 0 0
(793-24-8) 180 + 1 0 0 0 1 1 0 0 o0
90 + 2 0 0 0 2 0 0 1 0
45 + 1 0 0 0 1 0 0 0 0
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Extra aberrations (%)

) ] i Yor Aberration Frequency(%) Total
Te(stcfse n;;ge;ls Manutf’actured Concentrzlmon W\:vt?ﬂ(il(l:-() ;90 Chromatid Chromosome aberration
: y (ug/ml) mix - x o o (%) ctg csg poly endo
N-Methylpyrroli- F 991.3 - 1 0 0 0 1 0 0 0 0
done 496.65 - 1 0 0 0 1 1 0 0 0
(872-50-4) 248.83 - 0 0 0 0 0 0 0 0 0
991.3 + 3 0 0 0 3 1 0 1 0
496.65 + 2 0 0 0 2 1 0 0 0
248.83 + 1 0 0 0 1 0 0 0 0
2,4-Di-tert-butyl-6- G 71.4 - 1 0 0 0 1 1 0 0 0
(5-chloro-benzotra- 35.7 - 0 0 2 0 2 1 0 0 0
g’éa_ygl)gﬂgen"l 17.85 - 10 0o o 1 o 0 0 0
714 + 0 0 0 0 0 0 0 0 0
357 + 1 0 1 0 2 0 0 1 0
17.85 + 1 0 0 0 1 1 0 0 0
3-Ethoxy propy- L 103.2 - 1 0 1 0 2 1 0 0 0
lamine 51.6 1 0 0 0 1 0 0 0 o0
(6291-85-6) 25.8 - 1 0 0 0 1 1 0 0 0
103.2 + 1 0 0 0 1 0 0 0 0
51.6 + 1 0 0 0 1 2 0 0 0
25.8 + 2 0 0 0 2 0 0 2 0
Tris(2,4-di-tert- G 1292 - 1 1 0 0 2 1 0 0 0
butylphenylphos- 646 - 1 0 0 0 1 0 0 1 0
?3}’1“5"70_04_ " 323 - 1 0 0 0 1 o 0 0 0
1292 + 2 0 0 0 2 1 0 0 0
646 + 1 0 0 0 1 0 0 0 0
323 + 0 0 1 0 1 1 0 0 1
Ethylenebis(oxyeth- G 400 - 0 0 0 0 0 0 0 0 0
ylene) bis 3-(5-tert- 200 _ 0 0 1 0 1 1 0 1 0
:’(‘)‘ltyyll)‘;rgfgﬁ;y;m 100 - 1 0 0 0 1 o 0 0 0
(36443-68-2) 400 + 1 0 0 0 1 0 0 1 0
200 + 1 0 0 0 1 1 0 0 0
100 + 1 0 0 0 1 0 0 0 0
MMC 0.1 - 13.3+4.616.4+34 82+3.1 2.0+05 329557 52 15 02 O
B(a)P 200 + 92+4.1 5.5+3.8 54430 1.5¢1.0 189+55Y 46 05 0 0

*significant at p<0.05
Br: Breakage, Ex: Exchange, ctg: chromatid gap, csg: chromosome gap, poly: polyploid, endo: endoreduplicate

DMSO: dimethlysulfoxide, MMC: mitomycin C, B(a)P: benzo(a)pyrene
The values of solvent and positive controls are expressed as mean + S.D.

A: Aldrich Chemical Co. Inc., WL, USA. B: Bayer AG., Leverkusen, Germany. C: Chong Kun Dang Co., Ltd., Seoul, Korea. E: Eastman
Chemical Products Inc., TN., USA. F: BASF Co. Ltd., Ludwigshafen, Germany. G: Ciba-Geigy Ltd., Basil, Switzerland. H: Hangzhou Chemica
Works, Hangzhou, China. J: Janssen Chemica, Geel, Belgium. K: Korea Chemical Co. Ltd., Seoul, Korea. L: Lucky Co. Ltd., Seoul, Korea. M:
E. Merck AG., Darmstadt, Germany. P: Perstorp Polyoler, Perstorp, Sweden. S: SamYang Chemical Co. Ltd., Seoul, Korea. T: Tong Yang
Nylon Ltd., Seoul, Korea. U: Union Carbide Chemical Korea Ltd., Seoul, Korea. Z: Zeneca K.K. Co. Ltd., Tokyo, Japan.

al., 1979; Radman et al., 1982; Hayashi et al., 1982, 1990,
1992; Ryu et al., 1993a, 1994a, b, 1996a, b, 1998a, b) and
of antimutagenicity (Sato et al., 1991; Ryu et al., 1993b).
Cytogenetic studies on mammalian cells in vivo (Schmid,
1975; Hayashi et al., 1982, 1990, 1992, 1994a; Heo et al.,

1997) as well as in vitro (Ishidate and Odashima, 1977,
Matsuoka er al., 1979) have also been widely used as a
screening method for DNA-attacking substances.

The detection and the regulation of man-made synthetic
chemicals are subjects of great concern in administrative
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authorities because of its close correlation between envi-
ronmental contamination and human health. However,
there has been no attention to evaluate the toxicity of some
chemicals especially used in chemical industry.

The test chemicals were listed in Table 1 and their uses
in industry are diverse. For example, 3-ethoxypropylamine
(CAS No. 6291-85-6) is used as intermediate for the man-
ufacture of dyes, pharmaceuticals, pesticides, corrosion
inhibitor and emulsifiers. 1,2-Propane diamine (CAS No.
78-90-0) and benzylamine (CAS No. 100-46-9) are also
used in industry for producing polycondensation products,
polyaddition products, copolymers, metal complexing agents,
pesticides, dye intermediate, textile, leather and paper aux-
illaries, lubricant additives, and hardener and cross-linking
agent for epoxy resins. Hexamethylenediamine (CAS No.
124-09-4) is used as intermediate for the manufacture of
polycondensation products, particularly polyamide fibers
and plastics, polyaddition products and mixed polymers,
pharmaceuticals, crop protection agents and pesticides.
The use of 2-butene-1,4-diol (CAS No. 110-64-5) is as an
intermediate particularly for the production of industrial
fungicides. Diisopropanolamine (CAS No. 110-974) applied
to absorb the acidic gases in gas scrubbing. N-methylpyr-
rolidone (CAS No. 872-50-4) is used as process chemical
for the production of acetylene and extraction of butadi-
ene, aromatics and lubricating oils, and reaction medium
in the synthesis of high-performance polymers. Pentaerythri-
tol (CAS No. 115-77-5), 2-ethylhexanoic acid (CAS No.
149-57-5) and 1,3-propane diol (CAS No. 77-99-6) are
used as raw material for the preparation of paints. 1,3-phe-
nylenediamine-4-sulfonic acid (CAS No. 88-63-1), 1I-
amino-2-chlorobenzene (CAS No. 95-51-2), 4-aminopyri-
dine (CAS No. 504-24-5) and 2-methylpropanenitrile (CAS
No. 78-82-0) are used as the intermediate of dyes and pes-
ticides. N-buthylchloride (CAS No. 109-69-3), ethylenebis
(oxyethylene) bis 3-(5-tert-butyl-4-hydroxy-m-tolyl) propi-
onate (CAS No. 36443-68-2) and tris(2,4-di-tert-butylphe-
nyl) phosphite (CAS No. 31570-04-4) are used as stabilizers
in chemical industry. Nevertheless of the diverse uses of
these chemicals in industry, there has been no attention to
evaluate the toxicity for the environment and the human
beings such as genetic toxicity.

To study the clastogenicity, we used CHL cells because
it was reported no diffrences of sensitivity between CHL
and CHO (Chinese hamster ovary) cells in in vitro chro-
mosome aberration study (Galloway et al., 1997). It was
also reported that extended harvest times are not neces-
sary for the detection of in vitro clastogens in regulatory
cytogenetic studies except it might help to resolve an
equivocal result by Henderson et al. (1996). The 1Csq val-

ues of cell growth of test articles in CHL cells are obtained
in the absence of metabolic activation system as shown in
Table 1. Glycidylacrylate and 2-butene-1,4-diol were the
most cytotoxic having ICsy value as 1.25 pg/ml among 28
chemicals tested. Neopentyl glycol and tris (2,4-di-tert-
butylphenyl) phosphite revealed about one thousand time
low cytotoxicity compared with glycidylacrylate. The con-
centration used and detailed data of chromosome aberra-
tion of 28 chemicals are summarized in Table 1. The DMSO
negative control is revealed only two percent spontaneous
chromatid breakages in 200 metaphase of CHL cells.
However, the positive controls, benzo(a)pyrene (200 g/
ml) as an indirect mutagen that require metabolic activa-
tion and mitomycin C (0.1 pg/ml) as a direct-acting mutagen,
induced remarkable chromosome aberrations (18.9-32.9%)
in CHL cells as shown in Table 1.

Glycidylacrylate, one of the most cytotoxic compound
among 28 chemicals tested, revealed clastogenicity (5-
15% chromosome aberration) in the concentration range of
0.31-1.25 pg/ml with statistical significance. Neopentyl
glycol (340-1360 pg/ml) also revealed weak positive result
both in the presence and absence of metabolic activation
system. And also, cyanoguanidine (420.5-841.0 ug/ml) and
N-butylchloride (231.5-926 pg/ml) revealed weak positive
result only in the absence of S-9 metabolic activation sys-
tem. So, it assume that cyanoguanidine and N-butyl chlo-
ride is a weak direct-acting mutagen. Nevertheless total
aberration percentages of N-butylchloride in the presence
of metabolic activation system, and 3,4’-dichlorobenztrif-
luoride in the absence of S-9 metabolic activation revealed
above 5% aberration, there is no statistical significance.

From the results of chromosomal aberration assay with
28 synthetic chemicals in CHL cells, glycidylacrylate (CAS
No. 106-90-0), neopentyl glycol (CAS No. 126-30-7), N-
buty! chloride (CAS No. 109-69-3) and cyanoguanidine
(CAS No. 461-58-5) revealed positive results in this study..

Recently, several new methods for the detection of genetic
damages in vitro and in vivo were introduced according to
the rapid progress in toxicology combined with cellular
and molecular biology. Among these methods, the single
cell gel electrophoresis (comet assay) which can be detected
DNA damages in cell level (Mckelvey-Martin et al., 1993;
Singh et al., 1994; Ryu et al., 1997; Tice et al., 2000),
mouse lymphoma thymidine kinase gene assay (Clive et
al., 1983; Sawyer et al., 1985; Ryu et al., 1999a), FISH
(fluorescence ir situ hybridization) (Hayashi ef al., 1994b),
PRINS (primed in situ hybridization) (Abbo et al., 1993)
and transgenic animal and cell line model as a parameter
of lac I (Big Blue) (Kohler et al., 1991; Ryu et al., 1998c,
d, 1999b, 2000, 2001) or lac Z (Muta Mouse) (Suzuki et
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al., 1993) gene mutation are newly introduced based on
cellular and molecular toxicological approaches. Also, in
vive supravital micronucleus assay with peripheral reticu-
locytes by using acridine orange fluorescent staining
(Hayashi er al., 1990, 1992; Ryu ef al., 1998b) was intro-
duced instead of mouse bone marrow micronucleus assay.
Our laboratory is now under progress these assays to eval-
uate and to elucidate the mechanism of genetic toxicity
and/or carcinogenesis, and will be presented in near future,
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