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Summary 

Sister-chromatid exchange (SCE) and chromosome aberrations (CA) in bone marrow cells were 
analyzed after in vivo exposure in mice to 4 aliphatic epoxides, namely 1-naphthyl glycidyl ether (NGE), 
1-naphthyl propylene oxide (NPO), 4-nitrophenyl glycidyl ether (NPGE) and trichloropropylene oxide 
(TCPO). These compounds were selected as being among the most mutagenic aliphatic epoxides in our 
previous structure-mutagenicity studies with the Ames test. There were significant dose-related increases 
in SCE and CA results for all 4 epoxides. The order of genotoxicity as established through SCE was 
NGE > NPO > NPGE-= TCPO > solvent control. It is of interest that Ames Salmonella results are 
consistent with in vivo genotoxicity for these compounds. However, only the plate test version of the Ames 
procedure is consistent with this order of in vivo genotoxicity and neither preincubation Ames testing 
results nor chemical alkylation rates would have predicted this order. 

Aliphatic epoxides are widely used industrial 
intermediates as well as laboratory reagents and 
can be produced as metabolic intermediates. Be- 
cause of the established role of epoxides as arene 
oxides in the carcinogenicity of polycyclic aromatic 
hydrocarbons, questions have been raised concern- 
ing the genotoxicity of epoxides in general (Man- 
son, 1980; Ehrenberg and Hussain, 1981). We 
have been interested in structure-mutagenicity re- 
lationships for aliphatic epoxides (Wade et al., 
1978; Frantz and Sinsheimer, 1981; Neau et al., 
1982; Frantz et al., 1985; Djuric et al., 1986; 

Correspondence: Dr. J.E. Sinsheimer, College of Pharmacy, 
University of Michigan, Ann Arbor, MI 48109-1065 (U.S.A.). 

Rosman et al., 1986, 1987, 1988). In agreement 
with Manson (1980), Ehrenberg and Hussain 
(1981) and Hopkins (1984) we recognize the need 
to extend the base of in vitro studies to in vivo 
genotoxicity testing. We have selected sister-chro- 
matid exchange (SCE) and chromosome aberra- 
tions (CA) testing as a logical starting point for an 
in vivo short-term evaluation of the genotoxicity 
of aliphatic epoxides. To date there have only 
been limited reports of SCE, CA and related in 
vivo testing of such compounds. Various investiga- 
tors (Yager et al., 1983; Hogstedt et al., 1983; 
Sarto et al., 1983; Stolley et al., 1984; Galloway et 
al., 1986) have established statistically significant 
increases in SCE and/or  CA rates for peripheral 
blood lymphocytes of workers exposed to ethylene 
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oxide as compared to the lymphocytes from con- 
trol groups. Hogstedt et al. (1983) also found 
increased levels of micronuclei in the bone mar- 
row cells of exposed workers. Under laboratory- 
controlled conditions, Kligerman et al. (1983) were 
able to establish a concentration-dependent in- 
crease in SCE for the lymphocytes of rats exposed 
to ethylene oxide. The genotoxicity of propylene 
oxide has been examined in mice where an in- 
crease in the number of micronucleated erythro- 
cytes was observed following i.p. administration 
(Bootman et al., 1979). Styrene oxide has also 
been studied in mice (Fabry et al., 1978; Loprieno 
et al., 1978) and Chinese hamsters (Norppa et al., 
1979) with only the study by Loprieno et al. 
establishing positive in vivo genotoxicity. Re- 
cently, Sharief et al. (1986) found butadiene 
monoxide to be an effective inducer of SCE and 
CA in bone marrow cells of mice following i.p. 
injection. Walk et al. (1987) found diepoxybutane 
to increase CA and SCE rates in both mice and 
Chinese hamsters following either i.p. injection or 
exposure by inhalation. 

It is the purpose of this paper to study SCE and 
CA in vivo genotoxic effects in bone marrow cells 
of mice for 4 of the most mutagenic aliphatic 
epoxides we have tested to date with Salmonella 
and to compare the in vivo and in vitro results. 
The compounds to be studied are 1-naphthyl 
glycidyl ether (Rosman et al., 1988), 1-naphthyl 
propylene oxide (Rosman et al., 1987), 4- 
nitrophenyl glycidyl ether (Neau et al., 1982) and 
3,3,3-trichloropropylene oxide (Djuric et al., 1986). 

Materials and methods 

Animals 
Male CD1 mice 10-12 weeks old, weighing 30 

g, were purchased from Charles River Breeding 
Laboratories (Wilmington, MA). They were kept 5 
per cage with wood chip bedding, were fed chow 
(Purina) and water ad libitum and were housed 
4-5  days prior to the start of the experiment. 

Chemicals 
5-Bromodeoxyuridine (BrdU) tablets (50 mg 

each) were purchased from Boehringer Mannheim 
Biochemicals (Indianapolis, IN). Colchicine and 
7,12-dimethylbenz[a]anthracene (DMBA) were 

purchased from Sigma Chemical Co. (St. Louis, 
MO) while dimethyl sulfoxide (DMSO), 3,3,3-tri- 
chloropropylene oxide (TCPO) and 4-(4-nitro- 
benzyl)pyridine were obtained from Aldrich 
Chemical Co. (Milwaukee, WI). 4-Nitrophenyl 
glycidyl ether (NPGE) was obtained from East- 
man (Rochester, NY) and purified by repeated 
recrystallization from ethanol. 1-Naphthyl glyci- 
dyl ether (NGE) and 1-naphthyl propylene oxide 
(NPO) were prepared in this laboratory as previ- 
ously described (Rosman et al., 1987, 1988). 

In vivo sister-chromatid exchange assay 
Paraffin-coated BrdU tablets (50 mg) following 

the methodology of McFee et al. (1983) and Sharief 
et al. (1986) were used for in vivo SCE studies and 
cell replication kinetics analyses. Approximately 
80% of the surface of the tablets was coated with 
embedding paraffin and implanted subcuta- 
neously on the flank of mice under ether 
anesthesia. The test chemical was administered as 
a single i.p. injection 30 min after tablet implanta- 
tion. 5 doses per test chemical (Table 1) in 75/~1 of 
DMSO were used as determined from preliminary 
range-finding experiments. The maximal dose used 
in our comparison of genotoxicity was 200 m g /k g  
which was set by the acute toxicity of the least 
genotoxic compound, TCPO. 5 animals were used 
for each concentration. Negative control mice were 
injected with 75 #1 of DMSO while DMBA was 
used as a positive control at a dose of 50 mg/kg  
body weight. For SCE analyses, colchicine (4 
mg/kg)  was injected (i.p.) 22 h after the BrdU 
tablet implantation. 2 h later, bone marrow was 
expelled with 0.075 M KC1. After hypotonic treat- 
ment (0.075 M KC1) for 20 min, cells were fixed 3 
times with methanol-acet ic  acid (3 : 1). The slides 
were prepared and chromosomes were differen- 
tially stained (fluorescence-plus-Giemsa tech- 
nique) in accordance with standard cytogenetic 
methods (Perry and Wolff, 1974; Latt et al., 1981; 
Giri et al., 1986, 1987). All the slides were coded 
and observed by a single observer. 30, second 
division cells, (40 _+ 2 chromosomes)-per animal 
were scored for SCE frequencies, i.e. a total of 150 
cells were scored per concentration tested. Ran- 
domly selected metaphase cells (200/animal) were 
scored for cell replication kinetic analyses by their 
staining patterns as first (Ma), second (M2) and 



third (M3) division metaphases. The replicative 
indices (RI) were calculated as follows: RI = (1M 1 
+ 2M 2 + 3M3)/200 (Krishna et al., 1985). 

Chromosome aberration assay 
For CA analyses 4 concentrations (Table 2) of 

the above 4 chemicals were injected (i.p.) follow- 
ing the protocol of Preston et al. (1987). As pre- 
liminary studies with TCPO, the compound with 
the shortest half-life, indicated no difference for 
the shorter fixation times suggested in that proto- 
col, the 24-h time was used for our comparison to 
the SCE results. After 22 h the animals were 
injected (i.p.) with colchicine (2 mg/kg).  Then, 
after 2 h animals were sacrificed by cervical dislo- 
cation and bone marrow chromosomes were pre- 
pared as described above and slides were stained 
with Giemsa (1 :20  dilution). Negative control 
mice were injected with DMSO (75 /~l/mouse), 
while positive control animals received 100 mg /kg  
of DMBA in 75 /xl DMSO. All the slides were 
coded and observed by a single observer. 100 
well-spread metaphase cells were scored per animal 
from each of 5 animals at each concentration 
tested. Mitotic indices (MI) were calculated from 
1000 cells/animal and expressed as percentages. 
CA were scored following the method of WHO 
(1985) and Preston et al. (1987). The aberration 
frequencies per cell for chromatid and chro- 
mosome types were calculated. Gaps were re- 
corded (Table 2) but not included in the frequency 
of aberrations per cell. 

Mutagenicity test 
Single-dose comparisons for all 4 epoxides were 

made at 0.25 /~mole/plate with Salmonella strain 
TA100 without $9 activation (where n = 6). These 
comparisons for either the plate incorporation or 
preincubation method of Maron and Ames (1983) 
were made on the same day using bacteria from 
the same overnight culture. 

Statistical analysis 
Dunnett 's  control group comparison test (1- 

sided) was used for all chemicals, except TCPO, to 
compare SCE, CA and MI results with those for 
the negative control animals, while the 2-sided test 
was used for the RI comparisons. Because of 
unequal sample sizes due to animal death in the 
TCPO series, Tukey's test was used to make these 
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comparisons of test results with their respective 
negative controls (Dunnett,  1980). The trend test 
method of Margolin et al. (1986), based upon the 
square root of the dose as the independent varia- 
ble, was applied to the SCE and CA data with 
modification of Eqn. 7 to facilitate the computa- 
tion of standard errors and comparisons between 
chemicals. 

Results and discussions 

SCE frequencies and RI for mice exposed to 4 
aliphatic epoxides are shown in Table 1. The 
non-polar nature of our compounds required the 
use of DMSO as the solvent for their i.p. adminis- 
tration and as suggested by Preston et al. (1987), 
DMBA was used as a non-polar positive control. 
A significant increase in the SCE frequency (p  < 
0.05) was observed for NPO at all the concentra- 
tions tested when compared with the solvent con- 
trol. N G E  and N P G E  showed significant in- 
creases in SCE except for the lowest concentration 
when compared with control. With TCPO, the 
only significant increase in SCE was observed in 
the 100-mg/kg-treated group. No significant dif- 
ferences were observed in cell replication kinetics 
with any of the epoxides tested when compared 
with the control. In the case of TCPO, the 200- 
m g /k g  dose killed 2 of the 5 animals in this 
exposure group. The positive control chemical 
(DMBA) gave a high frequency of SCE 
(14.25/ce11) which is in agreement with that re- 
ported in mice by Tice et al. (1987), but where 
DMBA was injected 1 h after BrdU tablet implan- 
tation. Table 2 shows the CA and mitotic indices 
in mice exposed to the 4 epoxides. Aberrations per 
cell for chromatid and chromosome types are pre- 
sented (Preston et al., 1987) and percentages of 
aberrant cells are used for statistical calculations 
(Sharief et al., 1986). N G E  and NPO showed a 
significant increase in the percentage of CA at all 
4 concentrations tested compared to the negative 
control. N P G E  also showed significant increases 
at the higher 3 concentrations and TCPO showed 
significant increases of CA only at the higher 2 
concentrations. There was a decrease in MI at the 
higher doses for the 4 epoxides indicating toxicity 
to bone marrow cells at these higher concentra- 
tions. In confirmation of the SCE study, TCPO 
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TABLE 1 

SISTER-CHROMATID EXCHANGE INDUCED BY 4 ALIPHATIC EPOXIDES IN VIVO IN MICE 

Treatment SCE/cell of 5 animals SCE/cell Replicative indices 
(mean ± S.D.) a (mean + S.D.) 

Solvent control 
DMSO (75 ~1) 3.6, 3.8, 3.1, 3.4, 4.l 3.605:0.38 

NGE (mg/kg) 
5 4.7, 4.9, 4.6, 4.9, 4.2 4.68 5:0.29 

10 6.6, 6.9, 5.1, 5.8, 5.3 5.985:0.79 ** 
25 5.9, 7.5, 6.2, 6.8, 6.8 6.635:0.61 ** 
50 8.5, 8.4, 6.8, 7.0, 7.3 7.585:0.79 ** 

100 10.1, 12.4, 11.9, 9.4, 8.3 10.43 5:1.73 * * 

NPO (mg/kg) 
5 4.3, 5.l, 4.6, 4.3, 4.0 4.455:0.41 * 

10 5.2, 5.4, 4.7, 5.8, 5.4 5.32 5:0.39 * * 
25 6.9, 7.0, 5.5, 7.3, 6.2 6.585:0.72 ** 
50 7.4, 6.3, 6.2, 7.0, 6.8 6.745:0.51 ** 

100 8.0, 8.4, 8.5, 8.3, 6.9 8.015:0.67 ** 

NPGE (mg/kg) 
10 4.1, 4.0, 4.9, 3.9, 3.7 4.135:0.45 
25 6.6, 5.4, 4.3, 4.2, 4.2 4.93 5:1.06 * 
50 5.3, 6.6, 5.3, 4.6, 5.0 5.375:0.77 ** 

100 5.1, 5.5, 4.9, 5.5, 6.3 5.465:0.54 ** 
200 4.8, 5.7, 4.2, 4.9, 6.0 5.135:0.72 ** 

TCPO (mg/kg) 
10 3.8, 3.9, 4.5, 3.8, 3.3 3.85 5:0.43 
25 5.1, 4.2, 4.5, 3.7, 4.2 4.35 5:0.52 
50 4.3, 5.1, 4.0, 4.1, 4.5 4.405:0.44 

100 5.7, 4.8, 5.6, 4.6, 4.4 5.02+0.60 * * 
200 b 4.3, 4.5, 5.3 4.705:0.52 

Positive control 
DMBA (50 mg/kg) 14.5, 15.3, 13.1, 15.5, 12.8 14.25 5:1.22 

1.81 5:0.09 

1.75 +0.19 
1.79 + 0.06 
1.83 + 0.05 
1.75 5:0.08 
1.715:0.10 

1.82 5:0.09 
1.84 5:0.08 
1.825:0.06 
1.81 + 0.09 
1.87 5:0.16 

1.87 5:0.10 
1.835:0.11 
1.825:0.11 
1.88 5:0.09 
1.82 5:0.07 

1.81+0.11 
1.85 + 0.05 
1.82 + 0.07 
1.82+0.13 
1.79 + 0.15 

1.81 + 0.11 

a Mean + S.D. for 5 animals (30 cells/animal). Results at each concentration were compared to those of the control using Dunnett's 
test, except for TCPO where Tukey's test was used ( * p < 0.05 and * * p < 0.01). 

b 2 of the 5 animals died at this concentration. 

was  toxic a t  200 m g / k g  k i l l ing  3 of  the  5 an ima l s .  
T h e  pos i t ive  con t ro l  chemica l  ( D M B A )  gave  a 
h ighe r  pe r cen t age  of  C A  (12.80%) t h a n  those  of  

the  so lvent  con t ro l  a n d  t rea ted  groups .  
As  s u m m a r i z e d  in  T a b l e  3, s ta t i s t ica l ly  s ignif i -  

c a n t  d o s e - r e s p o n s e  t r e n d  tests c o u l d  b e  e s t i m a t e d  
for  b o t h  S C E  a n d  C A  resul ts  for  all  4 epoxides .  
Thus ,  the  geno tox ic i ty  of  these  c o m p o u n d s  was  
c lear ly  es tab l i shed  in  mice.  D i f f e rences  in  these  
t r e n d  tests were  u sed  in  a n  a t t e m p t  to c o m p a r e  the  
geno tox ic  p o t e n c y  of  the  epoxides .  F o r  the  S C E  
resul ts ,  there  were  s ta t i s t ica l ly  s ign i f i can t  dif-  
fe rences  b e t w e e n  chemica l s  except  b e t w e e n  N P G E  

a n d  T C P O .  There fore ,  the  o rder  of  geno tox ic i ty  in  
S C E  level  b a s e d  u p o n  these  t r e n d s  cou ld  be  l is ted 
as N G E  > N P O  > N P G E  -~ T C P O .  Whi l e  the  C A  
resul t s  were  i n  gene ra l  a g r e e m e n t  wi th  SCE,  the  
dec reased  sens i t iv i ty  of  the  C A  d a t a  d id  n o t  a l low 
r a n k i n g  of  these  resul ts .  T h a t  is, the  C A  resul t s  for 
N G E  were  s ign i f i can t ly  grea te r  t h a n  those  for 
N P G E  a n d  T C P O .  I n  add i t i on ,  N P O  was also 
grea te r  t h a n  N P G E ,  b u t  s ign i f i can t  d i f fe rences  
were  n o t  e s t ab l i shed  b e t w e e n  the  o the r  pa i r s  of 
c o m p o u n d s  ( T a b l e  3). 

A m o n g  the  in  v ivo  s tud ies  of  the  geno tox ic i ty  
of  a l ipha t i c  epox ides  l i s ted  in  ou r  i n t r o d u c t i o n ,  
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Treatment Gaps a Aberra t ions /ce l l  Aberrant  cells (%) b Mitotic indices (%) 

Chromatid Chromosome (mean + S.D.) c (mean + S.D.) c 

type type 

Solvent control 
DMSO (75 ~1) 10 0.008 0.00 0.80+0.84 3.35 +0.34 

N G E  (mg/kg)  
10 13 0.020 0.002 2.20+0.87 * 3.125-0.39 

25 18 0.036 0.004 3.605-0.55 * * 2.78 +0.57 

50 16 0.046 0.01 5.005-0.71 * * 2.61 5-0.57 
100 19 0.056 0.01 6.005-1.41 * * 1.845-0.48 

NPO (mg/kg)  
10 11 0.022 0.00 2.205-0.84 * 2.705-0.42 

25 13 0.028 0.004 3.205:0.45 * * 2.91 5-0.41 
50 14 0.038 0.006 4.405-1.34 * * 2.275-0.48 

100 20 0.04 0.012 5.205-0.84 * * 2.165-0.55 

N P G E  (mg/kg)  
25 10 0.008 0.004 1.20 5- 0.45 3.30 + 0.43 

50 16 0.020 0.008 2.80 5-1.30 * * 2.42 5- 0.47 

100 14 0.026 0.004 3.00 5-1.00 * * 2.16 5- 0.27 

200 16 0.026 0.008 3.50 5- 0.89 * * 1.83 5- 0.46 

TCPO (mg/kg)  
25 13 0.01 0.002 1.20 5- 0.84 2.80 5- 0.39 
50 12 0.016 0.00 1.60 5-1.14 2.45 5- 0.36 

100 17 0.030 0.006 3.40 5- 0.89 * * 2.65 5- 0.59 
200 d 12 0.035 0.01 4.00 + 1.41 * * 2.30 5- 0.14 

Positive control 

DMBA (100 m g / k g )  42 0.110 0.032 12.80 5-1.78 2.52 5- 0.55 

a Total chromatid and chromosome gaps at each concentration were recorded but not included as aberrations. 

b Cells with at least 1 aberration. Results are for 5 animals at each concentration (100 ce l l s /an imal )  except where noted. 
c Results at each concentration were compared to those of the control using Dunnet t ' s  test, except for TCPO where Tukey's test was 

u s e d ( *  p < 0 . 0 5  a n d * *  p < 0 . 0 1 ) .  
d 3 of the 5 animals died at this concentration. 

only a few included bone marrow studies and thus 
permit direct comparison to this present investiga- 
tion. Hogstedt et al. (1983) noted a statistically 
significant increase in the levels of micronuclei in 
erythroblasts and polychromatic erythrocytes in 
their study of the bone marrow cells of workers 
exposed to ethylene oxide as compared to a con- 
trol group. Bootman et al. (1979), after oral ad- 
ministration of propylene oxide in doses up to 
2 × 500 mg /kg  in mice, could not detect an in- 
crease in micronucleated polychromatic erythro- 
cytes but did detect a significant increase follow- 
ing 2 i.p. injections at 300 mg/kg.  In one study 
with styrene oxide, Fabry et al. (1978) could not 

induce an increase in rnicronuclei in the polychro- 
matic erythrocytes in the bone marrow of mice 
following an i.p. injection of 250 mg/kg.  In 
another study, Norppa  et al. (1979) reported nega- 
tive results for their SCE and CA tests following 
inhalation exposure of Chinese hamsters at levels 
up to 100 ppm for 4 days as well as at 25 ppm for 
20 days. They also reported negative CA results at 
an i.p. dose of 500 m g / k g  and positive SCE 
results in the cultured bone marrow cells from 
only 1 animal in 6 at this lethal dose. However, 
Loprieno et al. (1978) did establish a dose-re-  
sponse relationship for CA results in mice follow- 
ing oral administration of styrene oxide. Their CA 
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T A B L E  3 

T R E N D  T E S T S  F O R  S C E  A N D  C A  E X P E R I M E N T S  A N D  

C O M P A R I S O N  B E T W E E N  C H E M I C A L S  

Test  S C E  a C A  b 

( t r end  _+ S.E.) ( t r end  _+ S.E.) 

N G E  0 .65465_+0.02507  **  0 .00049_+0.00011 **  

N P O  0 .45160_+0 .01984  ** 0 .00040_+0.00011 **  

N P G E  0 .11438 _+ 0 .01102  * * 0 .00012  _+ 0 .00004  * 

T C P O  0 .10251_+0.01192  **  0 .00018_+0.00006  **  

Di f fe rences  in t r e n d  tests  

N G E - N P O  0 .20305_+0.02949  **  0 .00008_+0.00015  

N G E  - N P G E  0 .54027 _+ 0 .02528 * * 0 .00036  _+ 0 .00012  * * 

N G E - T C P O  0 .55214_+0.02538  **  0 .00030_+0.00013  * 

N P O - N P G E  0.33722_+0.02011 **  0 .00028_+0.00011 * 

N P O - T C P O  0 .34909_+0 .02024  **  0 .00022_+0 .00012  

N P G E - T C P O  0 .01187  _+ 0 .01311 - 0 .00006  _+ 0 .00007  

N u m b e r  o f  c o u n t s  vs. s q u a r e  roo t  o f  dose.  

b P e r c e n t a g e  vs. s q u a r e  roo t  o f  dose.  

* S ign i f i can t  a t  p < 0.05. 

* * S ign i f i can t  a t  p < 0.01. 

values in terms of chromatid and chromosome 
types per cell were, at their highest oral doses (500 
and 1000 mg/kg) ,  less than our lowest doses i.p. 
for all the compounds in the present study. 

Recently Walk et al. (1987) have reported in- 
creases in CA and SCE rates in bone marrow cells 
for both inhalation and i.p. administration of di- 
epoxybutane to Chinese hamsters and mice. They 
established, as was also true for the interlabora- 
tory results for styrene oxide, that the bone mar- 
row cells of mice were more sensitive than those of 
Chinese hamsters for their aliphatic epoxide. The 
CA and SCE results reported by these investiga- 
tors for diepoxybutane, with similar experimental 
conditions to those used in the present investiga- 
tion, are much higher than the results for our 
epoxides. At least in part, this may be explained 
by the presence of 2 epoxide groups. The SCE and 
CA effects in the bone marrow of mice following 
i.p. injection of butadiene monoxide were also 
studied with conditions similar to ours (Sharief et 
al., 1986). While their CA responses for 18 h 
following treatment were similar to our results for 
NPO and N G E  up to 50 m g / k g  for 24 h, their 
results at 100 m g / k g  were much higher for 
butadiene monoxide as were the SCE results at all 
levels. The presence of the double bond in conju- 
gation with the epoxide, especially with its poten- 

tial for metabolic activation to a second epoxide, 
would appear  to be a factor in the genotoxicity of 
butadiene monoxide. 

Previously we have established the dose-muta -  
genicity relationships for NGE,  NPO, NPGE,  
TCPO and related compounds in Salmonella using 
the Ames procedure (Neau et al., 1982; Djuric et 
al., 1986; Rosman et al., 1987, 1988). Based upon 
these dose-response  relationships a concentration 
of 0.25 ~mole /p la te ,  which provided maximal 
variation among the 4 compounds of interest 
without toxicity to the bacteria, was selected for 
direct comparison of mutagenicity with Salmonella 
strain TA100. Concurrent comparisons were made 
with the same overnight culture to reduce day-to- 
day intralaboratory variations (Cheli et al., 1980) 
and to control fluctuations due to differences in 
bacterial growth rate (Salmeen and Durisin, 1981). 
The results for this concurrent testing with both 
the plate incorporation and preincubation assays 
of Maron and Ames (1983) are given in Table 4. 
Also included in this table is a comparison of the 
rates of alkylation of 4-(4-nitrobenzyl)pyridine at 
37°C for 20 min by the previously described 
method (Hemminki  and Falck, 1979; Nelis et al., 
1982). 

Mutagenicity does not correlate with reactivity 
for the compounds listed in Table 4. The lack of 
such correlation was expected from our previous 
mutagenicity studies where the extent of aromatic 

T A B L E  4 

M U T A G E N I C I T Y  A S S A Y S  W I T H  S A L M O N E L L A  

S T R A I N  T A 1 0 0  A T  0.25 ~ t m o l e / T E S T  A N D  C H E M I C A L  

R E A C T I V I T Y  D A T A  

C o m p o u n d s  R e v e r t a n t s  Reac t iv i ty  ~ 

P la te  test  a P r e i n c u b a t i o n  
test b 

C o n t r o l ( D M S O )  79_+ 10 1 4 1 +  15 

N G E  2 1 0 2 _ + 2 3 9  1613_+239  0 .288_+0.012 

N P O  2 0 9 6 _ _ 1 1 4  1 4 3 7 +  95 0 .098- t -0 .003 

N P G E  929_+104  987_+227 0 .214_+0.005 

T C P O  137_+ 16 1274_+116  2 .611_+0.078 

M e a n  r e v e r t a n t s / p l a t e +  S.D. ,  w h e r e  n = 6. 
b M e a n  r e v e r t a n t s / p l a t e _ + S . D ,  f r o m  each  of  2 p r e i n c u b a t i o n  

tubes ,  w h e r e  n = 3 for  e a c h  tube.  

A b s o r b a n c e  a f t e r  r e a c t i o n  wi th  4 - ( 4 - n i t r o b e n z y l ) p y r i d i n e  a t  

3 7 ° C  for  20 min ,  w h e r e  n - 6. 
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unsaturation a n d / o r  resulting more planar struc- 
ture of the naphthyl  derivatives was a more im- 
portant  parameter  for relative mutagenicity than 
chemical reactivity (Rosman et al., 1987, 1988). 
Nor  do our measures of genotoxicity in the bone 
marrow of mice correlate to chemical reactivity, 
with TCPO, the least genotoxic epoxide, being the 
most chemically reactive. This is in spite of the 
fact that, with the exception of reactivity with 
thymidine, there was in general good correlation 
of adduct formation in vitro with nucleosides for a 
series of epoxides which included TCPO (Djuric et 
al., 1986). An important  consideration in the lack 
of correlation of our in vivo genotoxicity in bone 
marrow cells to in vitro measures of the reactivity 
of the epoxides would be their biological half-lives. 
Norppa  et al. (1981) have found that the high 
alkylation rate of TCPO in comparison to their 
other epoxides contrasts with the low capacity of 
TCPO to induce CA and SCE results in cultured 
human lymphocytes. They propose a greater rate 
of detoxication and present evidence for a shorter 
half-life for TCPO to explain this difference. In- 
deed, in our study of the detoxication of aliphatic 
epoxides, which included TCPO and NPGE,  the 
rate of detoxication did depend upon chemical 
reactivity (Sinsheimer et al., 1987). Therefore in 
the present study, it is postulated that TCPO with 
its much greater chemical reactivity has the shor- 
test half-life and therefore its concentration in the 
bone marrow over the period of time necessary to 
produce CA and SCE results is reduced to the 
greatest extent. 

The contrast in relative mutagenicity for TCPO 
in Table 4 between the preincubation and plate 
versions of the Ames test has been observed be- 
fore for other epoxide studies (Norppa  et al., 
1981; Djufic et al., 1986). This might again be 
explained on the basis of the reactivity of TCPO 
leading to its deactivation. In the preincubation 
test, the epoxides interact directly with bacteria at 
an optimal portion of their growth phase and thus 
react with the buffer for a minimal period of time. 
However, with the plate test, the work of Barber et 
al. (1983) suggests that the mutagen must be pres- 
ent 4-16  h after plating. Therefore, TCPO would 
have more time for inactivation and with a more 
complex medium than in the preincubation proce- 
dure. The end result for this series of epoxides is 

that the order of mutagenicity in the plate version 
of the Ames procedure is a better predictor for our 
in vivo bone marrow results than would be the 
preincubation results. 

It  is of interest, however, in the present study 
that even with its greater rate of detoxication, 
TCPO produces CA and SCE results at the higher 
doses which are significantly greater than their 
negative controls. Also, in agreement with our in 
vitro results, naphthyl  groups on the aliphatic 
epoxides enhanced in vivo genotoxicity. This study 
in establishing positive CA and SCE results in 
mice for NGE,  NPO, N P G E  and TCPO adds to 
the previously limited evidence for the in vivo 
genotoxicity of aliphatic epoxides. 
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