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Chloroacetaldehyde Induces
Chromosome Aberrations and
Micronucleus Formation but Not
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2-Chloroethanol (2-CE) has been used on
grapevines to accelerate grape growth, and its
metabolite, chloroacetaldehyde (CAA), accumulated
in the liver and blood from rats intoxicated with
2-CE. Chronic occupational injury might be a
possible reason for the 2-CE intoxication. In this
study, we used the in vitro and in vivo tests to examine
the genotoxicity of 2-CE and CAA. First, 2-CE did
not induce chromosome aberration formation in
Chinese ovary hamster cells, but CAA did induce
chromosome aberration formation, especially the
chromosome gap-type aberration after S9 activation.
Second, 2-CE at high doses (1/2 LD50), but not at
low doses, induced peripheral blood micronucleus
formation in mice. CAA induced micronucleus
formation at low and high dosages (1/8–1/2 LD50).
These results indicated that CAA plays an important
role in 2-CE chronic intoxication, and the genotoxic
mechanisms of CAA require further study.
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INTRODUCTION

2-Chloroethanol (2-CE) has been used on
grapevines to accelerate grape growth in Taiwan.
Although it has been prohibited, fatal intoxica-
tion is still annually reported.1) Chloroacetaldehyde
(CAA) is known to accumulate and can be detected
in the liver and blood of rats intoxicated with 2-
CE.2, 3) CAA is a bi-functional agent produced by
the rearrangement of chloroethylene oxide, the main
metabolite of the human and animal carcinogen
vinyl chloride.4) Mutagenicity studies demonstrated
that CAA induced gene mutations in prokaryotic
and eukaryotic cells.5–9) Also, etheno derivatives of
nucleic acids were identified as reaction products of
CAA with DNA.10, 11) Increased frequencies of sis-
ter chromatid exchange (SCE) have been observed
in workers who are occupationally exposed to vinyl
chloride monomer (VCM).12) CAA is an effective
inhibitor of DNA synthesis;13) it forms interstrand
crosslinks with DNA in vitro,14) modifies DNA con-
formation,15) and reacts with nucleotide bases.10, 16)

To our knowledge, no information is available on
the ability of CAA to affect chromosome structure
and segregation or micronucleus formation.

MATERIALS AND METHODS

Chromosome Aberration (CA) Test —— The
Chinese hamster ovary (CHO-K1) cell line used
for the CA test was obtained from the Food In-
dustry Research and Development Institute (FIRDI,
Hsinchu, Taiwan). Cells were maintained in mono-
layer conditions in F-12 medium (GIBCO, Grand
Island, NY, U.S.A.) supplemented with 10% foetal
bovine serum (FBS, GIBCO), at 37◦C in a 5%
CO2 atmosphere incubator. According to our cy-
totoxicity results, 100, 75, and 50% of LC50 were
used as the dosages. The lethal concentration 50
(LC50) of 2-CE was over 10 mM, and the CAA
was 0.35 mM. For each treatment, cells were cul-
tured in duplicate in a T-25 flask (Orange Scien-
tific, Brussel, Belgium), and treated with the 2-CE
or CAA for 24 hr. A metabolic activation treatment
was then carried out with/without S9 mixture (Lot.
1452, Aroclor 1254-induced rat liver, MoltoxTM,
Boone, NC, U.S.A.). Cyclophosphamide (10 µM,
Sigma, St. Louis, MO, U.S.A.) was used as a posi-
tive control in the presence of S9 mixture, and ethyl
methane sulfonate (EMS, 2.5 µM) was used as a
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positive control in the absence of S9.17) Colcemid
was then added to each flask during the last 3 hr
of incubation. Chromosome preparation was per-
formed using standard methods,18) and cells were
incubated in a hypotonic KCl (75 mM) solution at
37◦C for 30 min and fixed in methanol : acetic acid
(3 : 1, v/v). Slides were prepared and two drops of
fixed cell suspensions were spread on glass slides
and air-dried. Cells were then stained with a 5%
Giemsa solution, and the slides were dried. At least
60 metaphases were then counted at 1000 × under
an optical microscope.
Micronucleus Assay —— Five-week-old male
mice of the ICR strain were acclimatized for at
least 7 d before being subjected to the micronucleus
test. The treatment groups were as follows: ve-
hicle alone (dimethyl sulfoxide, DMSO, negative
control) and positive control group (cyclophos-
phamide 50 mg/kg dissolved in sterile deionized
water). ICR mice were intraperitoneally (i.p.)
injected with 10, 20, and 40 mg/kg of 2-CE,
or with 0.75, 1.5, and 3 mg/kg of CAA. Doses
used were obtained from previously described 1,
1/2, and 1/4 i.p. LD50 dosages.19) Animals were
administered i.p. to test the substances and were
harvested for peripheral blood at 48 and 72 hr after
treatment. The peripheral blood was spread on
slides and air-dried. The slides were then fixed in
methanol for 5 min and stained using a Diff-Quick
stain technique. Slides were observed under an
optical microscope at 1000 ×,20) and numbers of
micronucleated cells were determined by counting
numbers of normochromatic erythrocytes (NEC)
from at least 1000 NEC per animal. Micronucleated
reticulocytes (MNRET) that contained micronuclei
were counted from at least 1000 RET stained with
acridine orange (AO).21) The study protocol was
approved by the animal research ethics committee
at National Chung Hsing University, Taichung,
Taiwan (IACUC Approval No: 98-57).
Statistical Analysis —— Data are expressed as the
means ± standard deviations. Statistical differences
were evaluated by Dunnett’s test. Differences were
regarded as significant at p < 0.05.

RESULTS AND DISCUSSION

CAA but Not 2-CE Induced Chromosome Aber-
ration

Chromosome aberration including gap, break-
age, and exchanges were induced by CAA at con-

Table 1. Chromosome Aberration Frequency for 2-CE and
CAA

Treatment Frequency of Aberrations (%)
−S9 +S9

Negative Control 11.9± 4.7 13.3± 2.9
2-CE (mM) 5 13.3± 4.4 15.5± 1.9

7.5 12.5± 0.9 17.8± 2.5
10 11.6± 1.7 17.2± 4.8

CAA (mM) 0.175 15.5± 2.6 12.7± 2.3
0.263 13.2± 2.9 28.3± 2.9∗

0.35 17.7± 3.4 41.6± 3.4∗

Positive Controla) 30.8± 0.8∗ 23.9± 3.4∗

a) Ethyl methane sulfonate at 2.5 µM in the without S9 group,
cyclophosphamide at 10 µM in the with S9 group; ∗, p < 0.05 versus
control.

centrations ranging from 0.263 to 0.35 mM, as com-
pared to the untreated controls with S9 mix only
(Table 1). 2-CE did not produce chromosome aber-
rations in CHO-K1 cells. Our results showed that
2-CE did not cause chromosome aberrations with
or without S9 activation at the 10 µM (LC50) con-
centration. Ivett et al. (1989) have shown that 2-
CE induced chromosome aberrations;22) however,
in the trials without activation, significant increases
were detected only at doses well above the lim-
its of the protocol (5000 µg/ml). Our results indi-
cated that CAA induced chromosome aberrations
after S9 mix activation. The frequencies of chromo-
some aberration were 60.5% for chromosome gap,
20.1% for chromosome breakage, and 19.4% for
chromosome exchange. Chiang et al. (1997) have
shown that CAA displayed greater toxicity and a
larger frequency of deletion mutations on human
B-lymphoblastoid cell line.23) Crebelli et al. (1990)
also indicated that CAA induced mitotic aneuploidy
in yeast.9) In our results, after S9 activation, CAA,
but not 2-CE, induced gap-type chromosome aber-
rations in CHO-K1 cells. This study is the first re-
port of CAA-induced chromosomal aberrations.

CAA Induced Micronucleus Formation
Micronuclei formations due to 2-CE and CAA

were evaluated using mouse peripheral blood at
12.5, 25, and 50% i.p. of the LD50 dose, as pre-
viously reported,24) and no mortality was observed
at these dosages. High dose 2-CE (40 mg/kg) in-
duced micronuclei formation, but CAA induced sig-
nificant increases in micronuclei formation at 0.75,
1.5, and 3 mg/kg dosages (Table 2). Allavena et
al. (1992) indicated that 2-CE did not exert geno-
toxic effects when tested in vivo with micronucle-
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Table 2. Micronucleus Induction in ICR Mice Peripheral
Blood Treated with 2-CE and CAA

Treatment Time MN RET MN NEC
(h) (%) (%)

Negative Control 48 0.28± 0.30 0.28± 0.20
72 0.86± 0.26 0.38± 0.20

2-CE (mg/kg) 10 48 0.66± 0.27 0.28± 0.24
72 1.08± 0.19 0.30± 0.00

20 48 0.90± 0.21 0.20± 0.07
72 1.40± 0.78 0.42± 0.16

40 48 1.28± 1.54 0.14± 0.15
72 1.84± 0.38∗ 0.28± 0.08

CAA (mg/kg) 0.75 48 0.64± 0.17 0.26± 0.05
72 2.64± 0.45∗ 0.30± 0.10

1.5 48 1.36± 0.09∗ 0.50± 0.37
72 3.70± 0.92∗ 0.42± 0.27

3 48 1.66± 0.34∗ 0.26± 0.19
72 5.16± 0.78∗ 1.20± 0.64∗

Positive Controla) 48 1.62± 0.72∗ 0.28± 0.08
72 0.78± 0.19 0.26± 0.05

a) Cyclophosphamide 50 mg/kg i.p. ∗, p < 0.05 versus control.

ated polychromatic erythrocytes in the bone mar-
row or micronucleated hepatocytes.19) Our results
showed that treatment with 2-CE, except at the high-
est concentration for 72 hr, did not induce micronu-
cleus formation, but CAA did. The micronucleus
induced by CAA was repaired after 1 week (data not
shown). These results are the first to demonstrate
that CAA induced micronucleus formation. How-
ever, the mechanisms responsible for CAA muta-
genicity require further study.

In conclusion, 2-CE-intoxicated patients are
commonly found in Taiwan. Little is known about
the mechanisms involved in 2-CE intoxication. This
study provides information about farmers’ chronic
exposure to 2-CE and the importance of its metabo-
lite CAA in inducing chromosome aberration and
micronucleus formation.
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