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To develop and evaluate the aquatic environment, several genotoxic monitoring
systems (e.g. **P-postlabelling, micronucleus assay, chromosome aberration, sister
chromatid exchange, comet assay, transgenic fish, reporter gene assay) have been
utilized in both the field and laboratory (Kligerman et al., 1975, 1984; Chipman and
Marsh, 1991; Hayashi et al., 1998; Mitchelmore and Chipman, 1998; Amanuma et al.,
2000; Williams et al., 2000). Fish species are used routinely as one of the important
test animals for genotoxicity studies. However, most fishes typically have high
numbers (= 48) of small (1-3 um) acrocentrics chromosomes. Thus, cytogenetic
testing using fish chromosomes is usually difficult.

Kligerman et al. (1975, 1984) demonstrated that the central mudminnow, Umbra limi,
(Esociformes, Umbridae) has excellent cytogenetic characteristics (e.g. low number
[2n=22] of large chromosomes [5-10 um]). Also, they demonstrated the usefulness of
Umbra limi as an experimental animal for aquatic genotoxicity testing in vivo
(Kligerman, 1979). Prein et al. (1978) also suggested that the European mudminnow,
Umbra pygmaea, could be used to assess mutagenic pollutants, such as aromatic
compounds, in the Rhine river. However, in vivo testing of clastogens with fishes can
be expensive, involving breeding and care of fishes for long periods of time.

For in vitro testing, Walton et al. (1984, 1988) reported the establishment and use of
Umbra limi cell lines (named ULF, ULO, and ULH). Sequentially, Kurihara et al.
(1992) independently established and tested their cell line (ULF-23), taking
advantages of the cytogenetic characteristics of Umbra limi. However, these cell lines
were not appropriate for clastogenicity testing as they had high background levels of
both sister chromatid exchanges and chromosome aberrations. Here we present the
use of mutant cell line (ULF-23HU) from the ULF-23 (Park et al., 1989; Kurihara et
al., 1992) for clastogenicity testing using reference direct-acting mutagenic clastogens.

MATERIALS AND METHODS

The mutant cell line, ULF-23HU, is fibroblast-like and has low baseline frequencies
of both sister chromatid exchange and chromosome aberrations compared to the
original cell line, ULF-23 (Park et al.,, 1989; Kurihara et al., 1992). Cells were
cultured with 5 ml of TC-199 medium in 25 cm® flasks supplemented with 10 mM
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Hepes, 10% fetal bovine serum (FBS) (Gibco), penicillin (Sigma, 100U/ml),
streptomycin sulfate (Sigma, 100 pg/ml), and fungizone (Sigma, 1.25 ug/ml) at 25°C.

For analysis of chromosome aberrations induced by several standard clastogens, 3
days after subculture (1 x 10° cells/ml), cells were treated with different
concentrations of 4-nitroquinoline-N-oxide (4-NQO), cis-diamminedichloroplatinum
IT (cis-DDP), mitomycin C (MMC), N-methyl-N-nitro-N-nitrosoguanindine (MNNG)
or butylated hydroxyanisole (BHA) for 1 or 24 hr. This experimental scheme is
shown briefly in Fig. 1. The chemicals were dissolved in either distilled water [cis-
DDP, MMC], 20% DMSO [4-NQO, MNNG] or 100% ethanol [BHA]. To check for
toxicity of the solvents, we tested the toxicity of DMSO and ethanol with various
doses, and determined to keep these solvents below 2% or 1.6% of a final
concentration, respectively. The top solvent concentrations did not show any effects
on cell viability, on increase chromosome aberrations or sister chromatid exchange
frequencies. Also, we used these concentrations as negative controls for testing. One
or 24 hr after chemical treatment of the cells, they were washed with phosphate-
buffered saline (PBS) twice, were re-fed with 5 ml of freshly-prepared TC-199
medium supplemented with 10% FBS and antibiotics. The cells were then allowed to
recover for 24 hr. Based on the cell cycle time (32 hr) of ULF-23HU cells, the
recovery time after chemical treatment was established for observing chromatid-type
breaks and to avoid the occurrence of more complicated patterns of chromosome
aberration due to the occurrence of derived chromosome-type aberrations, that could
appear after subsequent cell divisions.

For accumulation of metaphase chromosomes after treatment, colcemid (final
concentration 0.15 ug/ml) was added to cultured cells 6 hrs before cell harvest. Slides
were prepared using the air-dried method of Park et al. (1989). At least 100
metaphases from each concentration were randomly chosen and analyzed for
chromosome aberrations. The tests were replicated once. Briefly, metaphases with 17
to 26 chromosomes were randomly chosen for scoring of chromatid-type breaks under
the criteria of Ishidate, Jr. (1988). The data on the frequency of chromosome
aberrations was statistically tested using Student’s t-test.

RESULTS AND DISCUSSION

Based on the cell cycle time (32 hr) of ULF-23HU cells, we examined the
chromosome aberration frequency by simply quantifying the numbers of chromatid-
type breaks induced after chemical exposure. This was accomplished by harvesting the
metaphase cells after a short recovery (20 hr) time. Thus, we did not observe any
chromosome-type breaks.

For 4-NQO, at a concentration of 5 x 10® M, the numbers of chromatid breaks
increased 2 times compared to the control group. At a higher concentration, 4-NQO
was toxic (Table 1). The 4-NQO forms bulky adducts on DNA strands, resulting in
distortion of the DNA helix (Darroudi et al., 1989). In our study, ULF-23HU cells did
not show a strong concentration-related increase in chromosome damage after 4-NQO



exposure. This is similar to human fibroblast cells and Chinese hamster ovary (CHO)
cells treated at a concentration of 7.5 x 107 M and 5 x 107 M, respectively (Weinstein
et al., 1977; Darroudi et al., 1989).

The clastogen cis-DDP, a cancer chemotherapeutic agent and bifunctional alkylating
agent, induces inter- and intra-strand crosslinks (Zwelling et al., 1979). This chemical
caused a sharp increase in aberrations in ULF-23HU cells. At a concentration of 5 x
10° M cis-DDP, chromatid breaks were induced and increased in a concentration-
dependent fashion (at a concentration of 5 x 10° M about 60 times compared to basal
level [Table 1]). Compared to ULF-23HU cells, human lymphocyte and mouse bone
marrow cells have been shown to be less sensitive to cis-DDP (Tandon and Sohdi,
1985 ; Ohe et al., 1990).

MMC, another chemotherapeutic agent and bifunctional alkylating agent, induces
inter- and intra-strand crosslinks and forms free hydroxy radicals (Tomasz et al., 1987;
Durse et al., 1990). MMC produced a concentration-related increase in chromatid
breaks of about 18 times over the basal level at a concentration of 5.0 x 10* M (Table
1). This indicates that ULF-23HU cells are more sensitive to MMC than are CHO cells
(Natarajan et al., 1983). Also, ULF-23HU cells showed a clear concentration-response
even at a low concentration of MMC. Another fish, Boleophthalmus dussumieri, found
off the Bombay coast, has also shown a remarkable sensitivity to MMC (Krishnaja and
Rege, 1982).

MNNG, a monofunctional alkylating agent containing a sensitive nucleophilic center,
also induced chromatid breaks in a concentration-dependent manner [Table 1]. In
Chinese hamster lung (CHL) cells, chromatid breaks were induced at a concentration
of 1.7x 10° M and 6.8 x 107 M upon MNNG exposure for 24 and 48 hrs, respectively
(Ishidate, Jr., 1988). However, in ULF-23HU cells, there was a significant increase in
chromosome damage at lower concentration [1 x 10° M]. The increase was
concentration dependent. Thus, ULF-23HU cells are likely more sensitive to MNNG
than are mammalian cells.

As a negative control, the antioxidative BHA was tested. BHA has the effect of
inhibiting mutagenicity and carcinogenicity (Ito et al., 1983; Ohkawa et al., 1986). We
exposed cells over a wide range of concentration, but no significant increase in
chromatid breaks was observed (Table 1). However, BHA was toxic at a concentration
of 5x 10* M and 1.0 x 10*M exposed for 1 hr and 24 hr, respectively. In CHL cells,
chromatid breaks were observed with BHA and its analogues BHA-OH and BHA-0-Q
after exposure with S9 metabolic activation (Matsuoka et al., 1990). Thus, it would be
interesting to check the induction of chromatid breaks in ULF-23HU with and without
the S9 fraction.

Overall, the fish cell line ULF-23HU cells was either equal or more sensitive to 4-
NQO, cis-DDP, MMC, and MNNG than some mammalian cell lines. Regan et al.
(1983) reported that fish have a tendency to be more sensitive to UV radiation and
mutagenic carcinogens than mammalian cells. Thus, our results support this. This also



Table 1. Frequency of chromatid breaks per cell in the fish cell line ULF-23HU
exposed to 4-NQO, cis-DDP, MMC, MNNG and BHA.

Chemicals Dose Exposure No. of Chromatid breaks t-test*
™M) time (hr) metaphase per cell = SD

4-Nitroquinoline 0.2% DMSO 1 200 0.18+0.01 -

-N-oxide 1.0x10® 1 200 0.13 +0.06 -
5.0 x 10”7 1 200 022+0.14 -
1.0x10% 1 200 036 +0.00 +
50x10% 1 200 0.36 001 +

_ 1.0 x 107 1 - toxic®

cis-Diammine- 0 (water) 1 200 0.06 = 0.02 -

dichloro- 5.0x107 1 200 0.06 £0.01 -

platinum II 1.0x 10 1 200 0.13 +0.00 -
5.0x10° 1 200 0.63 +0.02 +
1.0 x 107 1 200 1.69+0.03 ++
50x10° 1 100 3.50+0.16 ++
1.0 x 10" 1 - toxic

Mitomycin C 0 (water) 1 200 0.16 = 0.02 -
5.0 x 1078 1 200 0.17 = 0.02 -
1.0 x 107 1 200 045+ 001 +
2.5x 107 1 200 1.29 + 0.04 ++
5.0x 107 1 200 1.72 £ 0.16 ++
1.0 x10°¢ 1 200 2.80x0.12 ++
25x10°¢ 1 - toxic

N-Methyl-¥N'-  1.6% DMSO 1 200 0.10 = 0.02 -

nitro-N-nitroso- 1.0 x 10°¢ 1 200 0.14 2001 -

guanindine 25x10°¢ 1 200 0.18 £ 0.00 -
50x10°¢ 1 200 0.51+0.03 +
1.0 x 107 1 200 0.90 + 0.08 +
25x10° 1 - toxic

Butylated 1.0% ethanol 1 200 0.07 £0.02 -

hydroxyanisole 1.0 x 107 1 200 0.06 = 0.03 -

(negative 2.5x10° 1 200 0.12 = 0.05 -

control) 50x 107 1 200 0.06 = 0.02 -
1.0 x 10 1 200 0.13 20.02 -
2.5x 10" 1 200 0.17 +0.00 -
5.0 x 10" 1 200 toxic
1.0% ethanol 24 200 0.14 £ 0.01 -
50x10° 24 200 0.10 £ 0.02 -
1.0 x10° 24 200 0.09 £ 0.02 -
25x10° 24 200 0.10 £ 0.02 -
5.0 x 10 24 200 0.19+0.01 -
1.0 x 10 24 200 toxic

“toxic: no mitosis/cell death; *+: significant (P < 0.01); ++: very significant (P <0.001);
-. not significant.



indicates that ULF-23HU cells are useful for assessing the genotoxicity of some
chemicals at low concentrations, which is more realistic to exposure in the
environment.
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