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Summary

Mouse lymphocytes in vivo or in vitro were exposed for 24 h to 4 aliphatic epoxides, glycidyl
1-naphthyl ether, glycidyl 4-nitrophenyl ether, 1-naphthylpropylene oxide and trichloropropylene oxide
(TCPO), and tested for the induction of chromosomal aberrations (CA). These epoxides were among the
most genotoxic aliphatic epoxides in our previous studies. With the exception of TCPO, the test epoxides
caused significant increases in CA in vivo compared to a negative control. There were concentration
related increases in CA for all 4 epoxides in vitro and TCPO produced the greatest cellular toxicity and
genotoxic effects towards cultured lymphocytes. The difference in the order of genotoxicity for the two
test systems can be explained on the basis of a much shorter half-life for TCPO than for the other

epoxides.

Aliphatic epoxides are important industrial and
laboratory reagents and can arise as metabolic
products from their unsaturated precursors. Be-
cause these epoxides can be strong alkylating
agents, their in vitro mutagenicity and in vivo
genotoxicity is of interest (Manson, 1980; Ehren-
berg and Hussain, 1981). The present study is an
extension of our previous investigations of struc-
ture—mutagenicity and in vivo genotoxicity rela-
tionships for aliphatic epoxides (Wade et al., 1978;
Neau et al., 1982; Djuric et al., 1986; Rosman et
al., 1987, 1988; Giri et al., 1989, 1990).
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There is information in the literature on cell-
culture chromosomal assays for a limited number
of aliphatic epoxides. Several investigators have
confirmed the genotoxicity of styrene oxide using
such assays (Norppa et al., 1981; Nishi et al,,
1984; DeRaat, 1978). The induction of CA by
ethylene oxide has been observed in human lym-
phocytes (Ehrenberg and Hallstrom, 1967; Abra-
hams, 1980; Hogstedt et al., 1983). Also, elevated
frequencies of sister-chromatid exchange (SCE)
were observed in the lymphocytes of workers
(Garry et al., 1979; Abrahams, 1980; Lerda and
Rizzi, 1992) and with rats (Kligerman et al., 1983)
exposed to ethylene oxide. Hogstedt et al. (1990)
found that the genotoxicity of propylene oxide
was lower than that of ethylene oxide in human
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lymphocytes which parallels the previous findings
of Lynch et al. (1984) in the lymphocytes of
monkeys. The metabolites of 1,3-butadiene, 3,4-
epoxy-1-butene and 1,2:3,4-diepoxybutane were
found to be active in CHO cells and in human
Iymphocytes (Sasiadek et al., 1991 a,b)

The aim of the present investigation is to study
the genotoxic effects of 4 aliphatic epoxides by
analysis of CA in mice whole-blood lymphocytes
using in vivo/in vitro and in vitro short-term
culture tests. The epoxides selected for compari-
son are glycidyl 1-naphthyl ether, glycidyl 4-
nitrophenyl ether, 1-naphthylpropylene oxide and
3,3,3-trichloropropylene oxide. These compounds
were among the most mutagenic aliphatic epox-
ides we had previously tested in the Ames
Salmonella test (Giri et al., 1989). They were also
of interest for comparison to their CA results in
bone-marrow cells and DNA strand-break assays
of liver cells following intraperitoneal (i.p.) ad-
ministration to mice (Giri et al., 1990).

Materials and methods

Animals

Male C57BL/6J mice (2-4 months old; 25-30
g) were obtained from Jackson Laboratory (Bar
Harbor, ME) and were provided rodent lab chow
(Purina) and water ad libitum. They were kept 5
per cage and housed 4-5 days prior to the start of
the experiment. Ambient temperature of the ani-
mal room was controlled at 72—74°F with relative
humidity of 25-50% and a 12-h photoperiod (light
cycle 0600 to 1800 h). Bedding consisted of steril-
ized hardwood chips (Bed-O’-cobs, Anderson In-
dustrial Products Division, Maumee, OH).

Chemicals

Cyclophosphamide monohydrate [6055-19-2]
(CP) and ethyl methanesulfonate [62-50-0] (EMS)
were purchased from Sigma Chemical Co. (St.
Louis, MO). Dimethyl sulfoxide 99.9% (DMSO)
and 3,3,3-trichloropropylene oxide [3083-23-6]
(TCPO) were obtained from Aldrich Chemical
Co. (Milwaukee, WI). 1,2-Epoxy-3-( p-nitrophen-
oxy)propane [5255-75-4] (glycidyl 4-nitrophenyl
ether, GNPE) was obtained from Eastman Kodak
Co. (Rochester, NY) and purified by repeated

recrystallization from ethanol. Glycidyl 1-naph-
thyl ether [2461-42-9] (GNE) and 1-naphthylprop-
ylene oxide [68884-32-2] (NPO) were prepared in
this laboratory (Rosman et al., 1987).

In vivo /in vitro lymphocyte assays

Epoxides (25 mg)/kg body weight) in DMSO (2
ml/kg) were injected i.p. into mice while negative
control mice received only DMSO (2 ml /kg) and
positive control mice were injected with CP (25
mg/kg in DMSO). 3 mice were used for each test
compound and for the controls with 2 culture
tubes prepared from each animal. After 24 h,
mice were anesthetized with metafane (metho-
xyflurane; Pitman-Moore, Washington, NJ) and
blood was drawn by cardiac puncture. Culture
tubes were prepared just before inoculation with
blood (0.2 ml) following the method of Davisson
and Akeson (1987). Each culture tube contained
0.95 ml of supplemented medium, fetal bovine
serum (0.15 ml; Gibco), 50 wg/ml solution of
lipopolysaccharide (0.1 ml; Sigma) and 60 wg/ml
solution of purified phytohemagglutinin (0.15 ml;
Burroughs Wellcome, Greenville, NC). Supple-
mented medium was prepared with 100 ml of
medium (RPMI 1640, Gibco, Gaithersburg, MD),
1.2 ml of 200 mM glutamine (Gibco), 1 ml of a
mixture of penicillin (100 IU/ml) and strepto-
mycin (100 pg/ml) (Irvine Scientific, Santa Ana,
CA),

After inoculation with blood, the tubes were
incubated for 42 h in a humidified 5% CO,
atmosphere at 37°C. Colcemid (0.3 wg, Sigma)
was added 2-3 h before hypotonic treatment with
KClI (0.075 M for 20 min). Then the cells were
fixed in acetic acid: methanol (1:3). Samples of
cell suspension were added to precleaned slides,
air dried and chromosomes stained with diluted
Giemsa (1:20) and evaluated by a single ob-
server. A total of 100 well-spread metaphase cells
(50 cells per tube) with 40 + 2 chromosomes per
animal were scored for gaps, breaks, deletions,
fragments, chromatid exchanges and ring chro-
mosomes (Carrano and Natarajan, 1988). Chro-
mosome and chromatid aberrations were scored
separately and the total percentage of abnormal
cells were expressed for statistical analysis
(Sharief et al., 1986). Gaps were recorded but not
included in the total CA frequency. Mitotic in-



dices (MI) were estimated from 1000 cells /animal
and expressed as percentages.

In vitro lymphocyte assays

Blood was drawn from untreated male mice
and added to culture tubes as described above.
After 21 H, the original medium was replaced
with fresh medium and test epoxides in DMSO
(0.01 ml/ml medium) were added at the concen-
trations indicated in Table 2 prior to incubation
again for 24 h. The negative control was DMSO
(0.01 ml/ml) and the positive control was EMS
(10 pg/ml). Culture tubes (2 from each of 3
animals) were prepared for each concentration of
the epoxides as well as for the controls and 50
metaphase cells per tube (100 cells per animal)
were scored as described above.

Results and discussion

CA frequencies and MI values for the lympho-
cytes of mice exposed to the 4 epoxides are
shown in Table 1. The dose of 25 mg/kg for the
comparison of compounds was based upon the
dose—genotoxicity relationships found for these
epoxides in our in vivo bone-marrow tests (Giri et
al., 1989). In this in vivo/in vitro chromosomal
assay, the epoxides GNE, GNPE and NPO but

TABLE 1
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not TCPO caused a significant increase in the
percentage of abnormal cells at 25 mg/kg when
compared to their negative control. The most
frequent aberrations were chromatid breaks. The
order of genotoxicity by percentage of abnormal
cells was GNE = NPO > GNPE = TCPO with a
significant increase (p <0.01) being established
between NPO and GNPE. All 4 epoxides pro-
duced a significant decrease in MI.

In the in vitro assay, all the test epoxides
produced a significant increase (p < 0.01) in the
percentage of CA at all the concentrations exam-
ined compared to the negative control (Table 2).
GNE, GNPE and NPO were toxic to cells and no
metaphase cells could be observed at the next
highest concentration tested (25 pg/ml) while
TCPO was toxic at 15 ug/ml after the 24-h
treatment period. MI values decreased signifi-
cantly (p < 0.01) at all concentrations. A concen-
tration-response relationship of CA was indi-
cated for the 4 aliphatic epoxides where the slopes
were GNPE, 0.37; NPO, 0.43; GNE, 0.45 and
TCPO (based on the lowest 3 concentrations)
0.64 wg/ml. The order of genotoxicity in CA
levels at the common concentration of 5 ug/ml
and by comparing slopes was TCPO > GNE =
NPO > GNPE.

The results of the present studies on cultured

CHROMOSOMAL ABERRATIONS IN MOUSE LYMPHOCYTE CULTURES INDUCED BY 4 ALIPHATIC EPOXIDES 24

h AFTER TREATMENT IN VIVO

Treatment ? Gaps/100 cell®  Aberrations /cell Aberrant cells (%) © Mitotic
d R
Chromatid Chromosome (Mean+S.D.) indices d
- (Mean+S.D.)
Break Exchange
DMSO (2 ml/kg)

(solvent control) 2.67 0.020 0.000 0.000 2.00+1.00 2.82+0.16
GNE 4.67 0.040 0.000 0.013 5.3340.58 ** 1.974+0.15 **
NPO 4.33 0.053 0.000 0.000 5.3340.58 ** 1.70+0.09 **
GNPE 4.00 0.037 0.000 0.000 3.66+0.58 * 2.1940.18 **
TCPO 3.66 0.030 0.000 0.000 3.00+1.00 2244027 **
CP

(positive control) 5.00 0.110 0.000 0.000 11.00+1.00 ** 1.69+0.32 **
@ Each compound was tested at 25 mg /2 ml DMSO /kg of body weight.
 Total chromatid and chromosome gaps /100 cells at each concentration were recorded but not included as aberrations.
¢ Cells with at least 1 aberration. Results are for 3 animals at each concentration (100 cells /animal).

d

Results for each chemical were compared to those of solvent control using Student’s r-test (* p < 0.05 and ** p < 0.01).
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TABLE 2

CHROMOSOMAL ABERRATIONS IN MOUSE LYMPHOCYTE IN VITRO CULTURES INDUCED BY 4 ALIPHATIC

EPOXIDES AFTER 24-h TREATMENT

Treatment Gaps /100 cell Aberrations /cell Aberrant cells (%) ° Mitotic
concentration Chromatid Chromosome (Mean+S.D.) indices
(g /ml culture) (Mean+S.D.)
Break Exchange
DMSO (0.01 ml/ml culture)
(solvent control) 333 0.017 0.000 0.000 1.67+0.058 2514031

TCPO

1 4.67 0.033 0.007 0.007 4.67+0.58 **€ 1.76 £0.17 **¢

2.5 5.33 0.053 0.003 0.007 6.33+0.58 1.58+0.20

5 6.00 0.062 0.000 0.020 7.33+1.16 1.32+0.13
10 6.33 0.060 0.007 0.020 8.67+0.58 1.12+0.09
NPO

5 5.00 0.050 0.003 0.010 6.33+0.58 ** 1.594+0.26 **
10 6.33 0.077 0.003 0.020 9.00+1.00 1.25+0.22
15 6.67 0.077 0.007 0.030 10.67+0.58 0.9940.27
GNE

5 6.33 0.050 0.003 0.010 6.33+0.58 ** 1.73+£0.17 **
10 6.00 0.073 0.000 0.010 8.33+0.58 1.44+0.30
15 5.33 0.090 0.000 0.020 11.00+1.00 1.254+0.20
GNPE

5 433 0.040 0.000 0.013 53340.58 ** 1.6740.17 **
10 6.00 0.063 0.000 0.010 7.334£0.58 1.27+0.21
15 5.67 0.070 0.003 0.017 9.00+1.00 0.97+0.12
EMS (positive control)
10 6.33 0.063 0.000 0.020 6.33+1.16 ** 1.674£0.10 **

# Total chromatid and chromosome gaps /100 cells at each concentration were recorded but not included as aberrations.
b Cells with at least 1 aberration. Results are for 3 animals at each concentration (100 cells /animal).
¢ Indicates lowest concentration tested where the results were significantly different than the negative control, ** p < 0.01 using

Dunnett’s test.

mouse lymphocytes subsequent to either in vivo
or in vitro exposure to the aliphatic epoxides
were compared to our previous in vivo genotoxic-
ity studies of the same epoxides. The end points
of the previous studies were CA and SCE effects
in bone-marrow cells (Giri et al., 1989) and DNA
strand-break analysis of liver cells (Giri et al.,
1990) following i.p. administration of the epox-
ides to mice. There was about a 4-fold increase in
sensitivity for the lymphocyte assay following i.p.
administration compared to the in vivo bone-mar-
row cell examination for CA. That is, CA values
for 25 mg/kg i.p. doses in the lymphocyte assay
are comparable to the bone-marrow cell results
for CA at 100 mg /kg of epoxide. The relative CA
values in the two in vivo assays are similar with

those for GNE being among the highest and
those for TCPO the lowest.

As expected there was an even greater in-
crease in sensitivity when the epoxides were added
directly to cultured lymphocytes, as compared to
the CA assays following in vivo administration of
the same compounds. There is, however, a change
in the relative order of CA values for the epox-
ides with TCPO having the greatest effect in the
in vitro tests as opposed to the least effect follow-
ing i.p. administration. This change in the relative
order of genotoxicity was also evident in compar-
ing our previous in vivo strand-break results in
liver cells to those of the in vivo bone-marrow
studies. As indicated for these comparisons (Giri
et al., 1990), the relative stability of the epoxides



in vivo is a major factor in explaining the relative
order of genotoxicity. TCPO, the most chemically
reactive of these epoxides, has a short half-life
(Norppa et al., 1981; Giri et al., 1990) and is
rapidly detoxified by liver glutathione transferase
and hydrolase systems (Sinsheimer et al., 1987).
Compounds are absorbed from the peritoneum
via the portal system (Lukas et al., 1971) and
rapidly reach the liver (Dedrick et al., 1978).
Therefore, differences in the relative rates of
detoxication of epoxides would be expected to
have a pronounced influence on relative genotox-
icity at remote sites such as bone-marrow cells or
lymphocytes in vivo as compared to the direct in
vitro addition of the epoxides to cultured lympho-
cytes. The present study, with its direct compari-
son of CA results for lymphocytes following in
vivo or in vitro exposure, again emphasizes the
importance of evaluating relative half-lives of di-
rect-acting alkylating agents.
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