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Genetic Effects of 2-Methoxyethanol and Bis(2-methoxyethyl)ether. MCGREGOR, D. B., WIL- 

LINS, M.J., MCDONALD, P., HOLMSTR~M, M., MCDONALD, D., ANDNIEMEIER, R. W.(1983). 

Toxicol. Appl. Pharmacol. 70, 303-3 16. 2-Methoxyethanol and bis(2-methoxyethyl)ether were 
subjected to the following assays for genetic toxicity: Ames’ test, unscheduled DNA synthesis 
(UDS) assay in human embryo fibroblasts, sex-linked recessive lethal (SLRL) test in Drosophila, 
dominant lethal test in male rats, bone marrow metaphase analysis in male and female rats, and 
the sperm abnormality test in mice. In vivo test animals were exposed to atmospheric concentrations 
of 25 or 500 ppm 2-methoxyethanol and 2.50 or 1000 ppm bis(2-methoxyethyl)ether. Point 
mutations in Ames’ test and UDS in fibroblasts were not increased by either compound, while 
the SLRL test gave ambiguous results which deserve further investigation. Chromosomal aberration 
frequencies were not increased in rat bone marrow, but there was evidence from the dominant 
lethal tests that both compounds have profound effects upon male rat fertility during the meiotic 
phase. Pregnancy frequency was greatly reduced and preimplantation losses were large. In addition, 
there was evidence of postimplantation losses. Sperm abnormalities were increased in mice 
exposed to both compounds, but particularly bis(2-methoxyethyl)her. These effects on male 
reproductive cells were confined to the higher concentrations of both compounds. It was concluded 
that the weak mutagenic and particularly the strong antifertility effects described here are important 
for the safety evaluation of these ethylene glycol ethers. 

2-Methoxyethanol (CAS No. 109-86-4) is the 
lowest member of the series of monoalkyl- 
ethers of ethylene glycol. These compounds, 
which bear the common trade name Cello- 
solves, are extensively used as solvents. Bis(2- 
methoxyethyl)ether (CAS No. 11 l-96-6) or 
diglyme is the condensation product of two 
2-methoxyethanol molecules and is also a sol- 
vent which is particularly useful in the reaction 
medium for Grignard and similar syntheses. 

2-Methoxyethanol exposure occurs com- 
monly in the chemical, printing, publishing, 
paper, electronics, mining, and furniture in- 

’ Mention of company names or products does not 
constitute endorsement by the National Institute for Oc- 
cupational Safety and Health. 

dustries. The diverse uses of this chemical in- 
clude the following: (1) anti-icing additive in 
military jet aircraft, (2) paint stripping (along 
with dichloromethane, a known mutagen), (3) 
solvent for varnishes, wood stains, and enam- 
els, (4) solvent for low-viscosity cellulose ac- 
etate, natural resins, some synthetic resins, and 
some alcohol-soluble dyes. It can also be found 
in nail varnishes and was used in some acne 
preparations, prior to the 1979 FDA recall of 
benzoyl peroxide-containing acne prepara- 
tions in which 2-methoxyethanol was used as 
the solvent. Methoxyethanol is readily ab- 
sorbed through the skin, most high level ex- 
posures of man apparently involving skin 
contact (Ohi and Wegman, 1978). 
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No published data concerning either the 
pharmacology or toxicology of bis(2-meth- 
oxyethyl)ether have come to our attention but 
the toxicology of 2-methoxyethanol has been 
reviewed recently (Rowe and Wolf, 1982). Of 
particular relevance to the present study, 2- 
methoxyethanol has been shown to induce 
testicular damage, in dogs and rabbits, man- 
ifest as desquamation of the spermatic epi- 
thelium and the formation of variable num- 
bers of spermatid giant cells (Wiley et al., 
1938). More recent studies with mice (Nagano 
et al., 1979) support these findings. 

Ethylene glycol at oral doses up to 4000 
mg/kg for 4 weeks had no significant effect 
upon testicular weight, whereas 2-methoxy- 
ethanol at only 250 mg/kg did reduce signif- 
icantly testicular weight. In this latter group, 
spermatozoa and spermatids were seen in 
small numbers only in some of the tubules 
and there was a clear reduction in spermato- 
cytes. The degenerative changes seen were 
even more obvious in higher dose groups, so 
that, in the 2000 mg/kg group, only Sertoli’s 
cells were observed in the tubules, no germ 
cells whatsoever being present. Such testicular 
atrophy was not noticed in mice dosed with 
ethylene glycol. 2-Methoxyethanol also has 
embryotoxic effects, when given orally to mice, 
even at dose levels to the pregnant mice as 
low as 31 mg/kg. Effects seem to be mainly 
upon skeletal development, only mild toxicity 
being observed in the dams (Nagano et al., 
198 1). 

Recent work on the metabolism of ethylene 
glycol ethers has indicated two main pathways: 
a secondary alcohol such as 1 -methoxy-Zpro- 
panol can be O-demethylated, whereas a pri- 
mary alcohol such as 2-methoxyethanol can 
be oxidized by alcohol and aldehyde dehy- 
drogenases to the corresponding acid (Miller 
et al., 1983). Approximately 50 to 60% of an 
oral dose of 2-methoxyethanol to male rats 
appears as methoxyacetic acid in the urine 
within 48 hr. Miller et af. (1982) also dem- 
onstrated the remarkable similarities in the 
toxicity profiles of 2-methoxyethanol and 
methoxyacetic acid. This metabolic pathway 
should be considered, therefore, when ex- 

amining the mutagenic potential of 2-meth- 
oxyethanol. 

The work described in this paper involves 
the testing of 2-methoxyethanol and bis(2- 
methoxyethyl)ether in various systems for 
mutagenic potential in order that the risks as- 
sociated with human exposure to these com- 
pounds can be better evaluated. The atmo- 
spheric concentrations used were chosen on 
the basis of current U.S. OSHA Permissible 
Exposure Levels and published toxicity values 
by the National Institute for Occupational 
Safety and Health (NIOSH). 

METHODS 

Chemicals. 2-Methoxyethanol (Batch No. 10632), bis(Z 
methoxyethyl)ether (Batch No. 2 11 SO), and methoxyacetic 
acid (Batch No. 35060) were obtained from Aldrich 
Chemical Company (Milwaukee, Wii.). These substances 
were clear, colorless liquids which were stored at ambient 
temperature in the dark until used. Bis(Z-methoxy- 
ethyl)ether was stored under nitrogen. 

4-Nitroquinoline-N-oxide was obtained From ICN K & 
K Laboratories, New York; 2-aminoanthracene was ob- 
tained from Aldrich Chemical Company; and ethyl meth- 
anesulfonate (EMS) was obtained from Koch-Light Lab 
oratories, Colnbrook, Bucks, England. Aroclor 1254 was 
purchased from Monsanto, 6-[3H]thymidine (2 1 Ci/mmol) 
was obtained from the Radiochemical Centre, Amersham, 
England. 

Bacteria. Salmonella typhimurium strains TA 1535, 
TA 1537, TA 1538, TA 98, and TA 100 were donated 
by Professor B. Ames, University of California. 

Mammalian cells. Human embryonic intestinal fibro- 
blasts, designated Flow 11,000 cells, at passages 12 to 35, 
were obtained from Flow Laboratories, Irvine, Scotland. 

Drosophila. Gregon K (GrK) wild-type flies were divided 
arbitrarily into two stock lines (designated A and B) before 
the experiments were initiated. The Miiller-5 (M-5) flies 
had the base balancer X-chromosome, ln(l)SCsu SC*n 
+ S SCs’ SCsw”B. These flies have been maintained within 
the Institute of Animal Genetics, University of Edinburgh 
for many years. 

Rodents. CD rats (a remotely derived Sprague-Dawley 
strain) were obtained from Charles River (U.K.), while 
B6C3Fi hybrid mice were obtained from Charles 
River (U.S.A.). 

Bacterial mutation tests. The methods used were as 
described by Ames et al. ( 1975) in which incubations were 
conducted both in the presence and absence of an adult, 
male rat liver postmitochondrial supematant fluid and 
NADPH-generating system (S-9 mix). The only important 
deviation from Ames’ method was a liquid preincubation 
step of 30 min duration at 37°C before the addition of 
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agar and pouring on to the selective medium plates. Also, 
in one experiment, alcohol metabolism was mediated by 
yeast BNAD’dependent alcohol dehydrogenase. Data re- 
corded were for triplicate plates. 

Unscheduled DNA synthesis tests. Cells were routinely 
cultured in Dulbecco’s modification of Eagle’s minimal 
essential medium (DMEM), 10% heat-inactivated fetal 
calf serum (FCS), 2 mM glutamine, and 10 pg gentamycin/ 
ml. Prior to an experiment, cells were harvested, 2 ml (5 
x 10’ cells/ml) transferred to 35-mm tissue culture-grade 
Petri dishes containing three sterile coverslips, and in- 
cubated for 72 hr. At the end of this period, the medium 
was replaced with 2 ml arginine-deficient DMEM, 5% 
FCS. This medium was changed (2 ml) after 24 hr and 
incubation continued for 48 hr. At this stage, hydroxyurea 
and 6-[3H]thymidine were added to all dishes to give final 
concentrations of 2.5 mM and 10 pCi/ml, respectively. 
Incubations were conducted with the test compounds both 
in the presence and absence of S-9 mix for 3 hr at 37’C, 
after which Kodak AR-10 stripping film was used to coat 
the fixed cultures, following the procedures recommended 
by Rogers (1973). Giemsa-stained autoradiographs were 
examined and grain counts made on 50 nuclei per cov- 
erslip. Data recorded were mean nuclear grain counts and 
standard deviations for 150 nuclei. 

Atmosphere generation and analysis in animal tests. 

The test atmospheres were produced by bubbling dry, 
oxygen-free nitrogen (BOC Limited) through 2-methox- 
yethanol or bis(2-methoxyethyl)ether contained in a Dre- 
chsel bottle immersed in a temperature controlled water 
bath at 37 or 50°C respectively. The nitrogen/vapor mix- 
ture so generated was diluted with filtered, conditioned 
compressed air and passed into the rodent exposure 
chambers. These were 1 .5-m3 capacity stainless-steel and 
glass chambers in which individually caged rats or mice 
were confined to a single tier of cages occupying 0.5 II?. 
The chamber was ventilated at a rate of 12 air changes 
per hour. Drosophila were exposed to test atmospheres 
drawn off the 1.5-m3 chambers at a rate of 5 liters/min 
and passed through a modified (with steel mesh screens) 
Drechsel bottle in which they were kept for the exposure 
period (Done and McGregor, 1981). 

Atmospheres in the chambers were analyzed by infrared 
spectroscopy with Miran-1 A Gas Analyzers (Foxboro/ 
Wilks Incorporated). Samples of chamber air were pumped 
continuously through the instruments and the chamber 
concentrations were automatically recorded. Instrument 
calibration was performed by a closed-loop calibration 
system. Known volumes of test compound were sequen- 
tially injected into the gas analyzer with a Hamilton glass 
microsyringe. After each injection, the absorberice reading 
was allowed to stabilize as indicated on the chart recording. 
The analytical conditions were as shown in Table 1. 

Exposure procedure. Rodents were exposed to the test 
atmospheres for 7 hr/day for either 1 or 5 days, as required. 
Drosophila were exposed to 2-methoxyethanol for either 
1 hr (25 ppm) or 15 min (500 ppm) and to bis(2-meth- 
oxyethyl)ether for 2.75 hr (250 ppm). In the positive con- 
trol groups, EMS was administered orally to ah animals. 
Multiple-dosed rodents received 100 mg EMS/kg/day for 
5 days, while single-dosed rats received 250 mg EMS/kg. 
Drosophila were given 0.4% EMS in 5% sucrose (v/v) for 
a single 5-hr period. 

Cytogenetic analysis of rat bone marrow cells. Groups 
of 10 male and 10 female rats were exposed to the test 
compounds or filtered air for either 1 or 5 days. After 
their last exposure period, animals were injected ip with 
3 mg coIchicine/kg 2 hr prior to death. The l-day-exposed 
groups were killed at one of three sampling times, namely, 
6, 24, and 48 hr after the end of exposure. The 5-day- 
exposed groups were killed 6 hr after the end of exposure. 
Giemsa-stained slides were labeled with numbers not cor- 
related with the animal numbers; therefore, all assessments 
of metaphases were “blind.” Where possible, 50 meta- 
phases per rat were scored. 

Dominant lethal testing in male rats. Groups of 10 
male, adult rats were exposed to the test substances for 
7 hr/day on 5 consecutive days, then serially mated at 
weekly intervals for 10 weeks to untreated, virgin females 
in the ratio I male:2 females. The female rats were killed 
and examined 17 days after they were first caged with the 
males. Dominant lethality was assessed according to the 
method of Bateman (1977). 

Sperm abnormality test in mice. Groups of 10 male, 

TABLE 1 

INSTRUMENT SE-I-~-INGS ON A MIRAN-IA GAS ANALYZER FOR THE INFRARED ABSORFWON ANALYSIS 

OF2-METHOXYETHANOLANDBIS(%htETHOXYETHYL)ETHER 

Instrument settings 

2-Methoxyethanol Bis(Z-methoxyethyl)ether 

25 wm 500 ppm 250 ppm 1000 ppm 

Wavelength 
Pathlength 
Absorbence range 
Slit width 
Meter response 

8.8 firn 8.8 pm 9.7 pm 9.7 firn 
8.25 m 0.75 m 20.25 m 3.75 m 
0.25 A 0.25 A 1.0 A 1.0 A 
0.5 mm 0.5 mm I.0 mm 1.0 mm 
1 1 4 1 
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adult mice were exposed to the test substances for 7 hr/ 
day on 5 consecutive days (or 4 days in the case of the 
1000 ppm bis(2-methoxyethyl)ether group), maintained 
without further treatment for 35 days, then killed by neck 
dislocation. Assessment techniques and criteria used were 
as described by Wyrobeck and Bruce ( 1975). The following 
types of sperm were not scored: (1) separated tails and 
heads; (2) clumps of sperm; (3) sperm orientated so that 
the hook could not be seen; (4) sperm partially masked 
by any remaining stain droplets. 

had hatched. Vials containing no F2 generation flies were 
scored as sterile. 

Sex-linked recessive lethal test in Drosophila melanc- 

gaster. Three-day-old male OrK flies from stocks A and 
B were exposed for the required time, which was established 
in an initial toxicity test. In this initial test, survivors were 
counted 24 hr after exposure. From these, four males were 
picked and mated with four virgin females which were 
allowed to lay their eggs on medium darkened with char- 
coal for 24 hr, then removed and the number of eggs 
counted. After a further 24 hr, the eggs remaining un- 
hatched was counted. These results were compared with 
those from untreated flies. In the recessive lethal test, each 
treated male was given a number which was retained 
throughout the brood analysis and by his progeny through 
the F2 and, where appropriate, the Fj generation. Any 
clusters of mutants could, therefore, be readily identified. 
Treated males were mated individually to virgin Miiller- 
5 (M-5) females, in the ratio 1 male:2 females, on the 
morning following the exposure day. Each male was re- 
mated to two more virgin females 3 days and, again, 8 
days after the first mating. All matings ceased on Day 11. 
The three broods obtained in this way ensured sperm 
treated at all stages of spermatogenesis were tested. Emer- 
gence of F, generation flies from the pupae began about 
10 days after mating. 

Pairings for the Fz generation were set up 1 to 4 days 
later by brother-sister mating. Assessment of effects in 
the F3 generation was undertaken in the same way as for 
the F2 generation. Experiments were normally scored 11 
to 14 days after setting up the F2 or F, generation crosses. 
Vials were examined and scored as nonlethal if two or 
more wild-type males (red eyes) were seen. Vials in which 
there were no wild-type males, but eight or more Miiller- 
5 males were present, were checked for the presence of 
heterozygous (M-S/OrK) females and scored as recessive 
lethals if these were present. I f  a vial could not be un- 
ambiguously scored, then it was returned to the incubation 
room to be restored the following day, when more flies 

Result evaluation. (a) Bacterial mutation test. At least 
a doubling of the concurrent control frequency was re- 
quired for a suspect positive result, except for S. typhi- 
murium TA 100, where a 1.5-fold increase was accepted 
as positive. (b) Unscheduled DNA synthesis test. Dosed 
groups were compared with the concurrent control by 
Student’s t test. (c) Body weights. The statistical analysis 
consisted of the application of a general linear model with 
a normal error. This evaluation provided analysis of vari- 
ance and individual t comparisons. (d) Cytogenetics test. 
Data were transformed with the Freeman-Tukey trans- 
formation for proportions, then a one-sided Student’s t 
test applied to these values. Rats, not spreads, formed 
the basis for statistical analysis. This analysis was performed 
on cells with any type of abnormality and on cells with 
abnormalities other than gaps alone. (e) Dominant lethal 
test. Each female was regarded as an independent replicate 
and the vehicle control, low- and high-dose groups were 
analyzed together, the positive control being analyzed sep- 
arately. Variates analyzed were (i) corpora lutea gravi- 
ditatis, (ii) total implantations, (iii) live implantations, (iv) 
live implantations + late deaths, (v) early deaths, Freeman- 
Tukey Poisson transformation, and (vi) early deaths, 
Freeman-Tukey binomial transformation. The proportion 
of females with one or more, or two or more early deaths 
was calculated, after which treatment and control groups 
were compared by the chi-square test. The number of 
pregnant females per number of mated females was com- 
puted and the chi-square test again applied. (f) Sperm 
abnormality test. Data were transformed with the Free- 
man-Tukey transformation for proportions, then a one- 
sided Student’s t test applied to these values. The analysis 
was performed on the total number of abnormal cells and 
on each of the categories a-e. (g) Sex-linked recessive 
lethal test. In this test, true mutation frequencies can be 
determined only within certain limits because integral 
numbers are recorded (Wiirgler et al., 1977). Mutation 
frequencies calculated strongly depend upon the sizes of 
the test groups studies (i.e., the individual broods), which 
were relatively small. Hence, it was considered that, in 
place of a test for statistical significance, it would be better 
to look for a reproducible increase in the frequency of 
lethals over the historical control value of about 0.1%. 
Control values accumulated for breeding stocks A and B 
over a 1.5-year period were as follows. 

Fz Generation. 

Stock A 

Brood 

Stock B 

Brood 

1 2 3 1 2 3 Total 

No. of tests 9 9 9 9 9 9 54 
No. of gametes 5319 5309 5339 5264 5088 4713 31026 
% Lethals 0.12 0.04 0.09 0.11 0.03 0.00 0.07 
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Against this background, the criteria for result assessment 
were: (i) a compound giving frequencies below 0.5% in 
duplicate experiments was considered nonmutagenic; (ii) 
a compound giving frequencies over 1.0% in the same 
brood in duplicate experiments was classified as a mutagen; 
and (iii) a compound giving frequencies between 0.5 and 
1.0% was a suspect mutagen deserving further study. 

RESULTS 

Bacterial mutagenicity tests. There was no 
evidence of mutagenicity in S. typhimurium 
in the standard Ames’ plate incorporation as- 
say of the preincubation modification at dose 
levels of up to 33 mg 2-methoxyethanol per 
plate (volume ca. 20 ml) or 94 mg bis(2-meth- 
oxyethyl)ether per plate. 2-Methoxyethanol 
was also tested in the presence of equimolar 
quantities of BNAD+ and 150 units of yeast 
alcohol dehydrogenase. At dose levels greater 
than about 125 pg per plate, 2-methoxyethanol 
metabolites were toxic to the bacteria. At lower 
dose levels, no mutagenic effect was observed. 
It was concluded, therefore, that 2-methoxy- 
ethanol and methoxyacetic acid are not mu- 
tagenic in bacteria. 

Unscheduled DNA synthesis test. There was 
no indication of increased UDS in cells ex- 
posed for 3 hr to concentrations of 2-meth- 
oxyethanol up to nearly 10 mg/ml or bis(2- 
methoxyethyl)ether up to 19 mg/ml. 

Clinical observations on rats and mice. (a) 
2-Methoxyethanol. No clinical signs of toxicity 
were observed other than failure to increase 
body weight during the 5-day exposure period 
in male rats in the 500 ppm groups of both 
the dominant lethal and the cytogenetic test, 
whereas air control group rats increased in 
weight from 326 f 20 g to 338 + 23 g and 
301 + 12 g to 313 +- 17 g, respectively (p 
< 0.01). (b) Bis(2-methoxyethylkzther. Male 
mice exposed to 1000 ppm atmospheres 
showed reductions in body weight from 23.3 
+ 1.1 gto21.4-t 1.3gin3days(p<0.001), 
whereas male and female rat body weight were 
unaffected. All multiply exposed mammals in 
the 1000 ppm atmosphere groups were sub- 
dued and unresponsive to audio stimuli during 
exposure. Mice were particularly affected and 

became ataxic. Four of ten mice died on the 
fourth exposure day, so, the six survivors were 
not dosed on the fifth day. The cause of death 
was not investigated. 

Cytogenetic analysis of rat bone marrow 
cells. In neither the 5day nor the single ex- 
posure test was there any good evidence for 
the induction of chromosomal damage, other 
than in the positive control groups. The only 
significant increases in aberrant cell frequency 
occurred in low-dose groups 6 hr following a 
single exposure to the test material. In female 
rats exposed to 25 ppm 2-methoxyethanol, 
chromatid breaks were rather common (t 
= 2.290, p < 0.0 I), while in male rats exposed 
to 250 ppm bis(2-methoxyethyl)ether, there 
was a small increase in the frequency of the 
total aberrations (t = 2.216, p < 0.05). These 
elevations were restricted to a single sex in 
each case and were not reproduced at the 
higher dose levels. It was concluded, therefore, 
that neither compound was a clastogen. 

Dominant lethal test in male rats. (a) 2- 
Methoxyethanol. Pregnancy frequencies were 
satisfactory in the filtered air control group 
and the 25 ppm exposure group in all weeks, 
in the 500 ppm dose group in assessment 
Weeks 1 through 3 and 9 and 10 and the 
positive control group in Weeks 5 through 10. 
Pregnancy frequencies were reduced in the 
500 ppm exposure group in Weeks 4 through 
8 (Table 2). Total implantations per pregnancy 
were normal in the control and 25 ppm ex- 
posure groups, but reduced in the 500 ppm 
exposure group in Weeks 3 through 8, par- 
ticularly in Weeks 5 and 6. EMS treatment 
also reduced total implantation numbers in 
Weeks 1 through 4. When implantation sites 
were not observed, developed corpora lutea 
also were not seen, indicating that implan- 
tation had not occurred. Hence, preimplan- 
tation losses were evident in the 500 ppm ex- 
posure group in Weeks 3 through 7, partic- 
ularly in Weeks 5 and 6. Early deaths were 
increased only in Week 8, if the Freeman- 
Tukey Poisson transformation model was 
adopted, but according to the Freeman-Tukey 
binomial transformation model, significant 
increases in early deaths should be recorded 
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310 MC GREGOR ET AL. 

in Weeks 3, 4, 5, 7, and 8. EMS induced a of live implantations and late deaths per preg- 
large increase in early deaths in Week 2. These nancy were reduced in Weeks 3 and 5 (but 
observations were supported by an earlier ex- not 4). The proportion of early deaths was 
periment which was abandoned because the increased to 15.2% in Week 3, but three of 
atmospheric concentrations were outside pre- the five early deaths occurred in a single preg- 
set limits. However, 5 mating weeks were per- nancy. (b) Bis(2-methoxyethyl)ether. Preg- 
mitted before curtailment of the experiment, nancy frequencies were satisfactory in the ftl- 
the results of which are given in Table 3. No tered air control and the 250 ppm exposure 
adverse effects were observed in the 25 ppm group in all weeks, in Weeks 1 through 3 and 
atmosphere group, whereas, pregnancy fre- 10 of the 1000 ppm exposure group and in 
quency was reduced in Weeks 3 to 5 after Weeks 1 and 4 through 10 of the EMS-treated 
exposure to 500 ppm 2-methoxyethanol. Also, group. Large reductions in pregnancy fre- 
total implantations per pregnancy and the sum quency occurred in the loo0 ppm exposure 

TABLE 3 

CURTAILED DOMINANT LETHAL TEST IN MALE RATS OF 2-METHOXYETHANOL ADMINISTERED 

7 hr/day ON 5 CONSECUTIVE DAYS 

Assessment 
week from 

dosing 

2-Methoxyethanol 
Air control 

(0 mm) 25 mm 500 mm 

Pregnancy frequency (females with implantations) 

EMS 
5 X 100 mg/kg 

I 17120 85% l8/20 90% 14120 70% 15120 75% 
2 16120 80% 16120 80% 18120 90% 9120 45% 
3 19120 95% 20120 100% 5120 25% 7120 35% 
4 19120 95% 17120 85% 2120 10% 15/19 79% 
5 18120 90% 16120 80% o/20 0% 18120 90% 

Total implantations per pregnancy 

1 12.2 13.6 13.7 9.9 
2 12.5 12.9 11.2 1.6 
3 13.7 12.4 6.6 1.3 
4 14.2 14.8 12.0 7.9 
5 13.9 13.3 0 12.6 

Sum of live implantations and late deaths per pregnancy 

1 12.2 13.3 12.9 3.2 
2 12.1 12.1 10.9 0 
3 13.2 12.1 5.6 0 
4 13.3 14.3 11.5 5.9 
5 13.9 13.2 0 12.6 

Early deaths as a proportion of total implantations 

I O/208 0.0% 41244 1.6% I l/192 5.7% 100/148 67.6% 
2 71200 3.5% 131207 6.3% 4120 1 2.0% 14/14 100.0% 
3 1 l/216 4.2% 71248 2.8% 5133 15.2% 919 100.0% 
4 171269 6.3% 8/251 3.2% l/24 4.2% 30/l 19 25.2% 
5 O/251 0.0% 31212 1.4% - - O/227 0.0% 
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group in Weeks 4 through 9, but particularly 
in Weeks 5 through 7, when frequencies were 
only about 10%. Recovery from the influence 
of bis(2-methoxyethyl)ether was complete in 
Week 10. EMS treatment also drastically re- 
duced pregnancy frequency in Weeks 2 and 
3. Total implantations per pregnancy were 
normal in the air control and 250 ppm ex- 
posure group in all weeks, in Weeks 1 through 
3, 5 and 8 through 10 of the 1000 ppm ex- 
posure group and in Weeks 5 through 10 of 
the EMS-treated group. In the 1000 ppm ex- 
posure group, there was a small reduction in 
the number of implantations in Week 4, but 
the reductions in Weeks 6 and 7 were partic- 
ularly large and significant (p < 0.01). EMS 
effects were seen in Weeks 1 through 4 of this 
experiment. Preimplantation losses, manifest 
as reductions in corpora lutea graviditatis per 
pregnancy, were obvious in Weeks 6 and 7 of 
the 1000 ppm exposure group. A small, sta- 
tistically significant reduction also was seen 
in Week 3 of this group. Analysis of the fre- 
quencies of early deaths per pregnancy, fol- 
lowing the Freeman-Tukey Poisson transfor- 
mation model, indicated a significant increase 
in Week 5 of the 1000 ppm exposure group 
@ < 0.05). A similar analysis, but assuming 
a binomial model, indicated significant in- 
creases in early deaths per pregnancy in the 
1000 ppm exposure group in Weeks 5 (p 
< 0.01) and 6 (p < 0.001). In Week 7 of the 
250 ppm exposure group, there was a signif- 
icant decrease in early death frequency. EMS 
treatment induced increases in early deaths in 
Weeks 1 to 4. 

Sperm abnormality test in mice. (a) 2- 
Methoxyethanol. The overall frequency of ab- 
normal sperm was significantly increased (p 
< 0.05) from 5.2% in the air control to 9.4% 
in the 500 ppm exposure group (Table 4). 
Most of the increase was due to two abnor- 
mality categories: the banana-shaped head (B) 
and the amorphous head (C), which were in- 
creased in B, from 0.64 to 1.30% and signif- 
icantly, in C (p < O.Ol), from 2.02% to 5.11%. 
It was concluded the 2-methoxyethanol did 
induce sperm abnormalities. EMS treatment 

was without any observable effect in this ex- 
periment. (b) B&(2-methoxyethyl)er. While 
no increases in frequencies of abnormal sperm 
categories were observed after exposure to 250 
ppm atmospheres, there were large responses 
to the 1000 ppm atmospheres. All categories 
of abnormalities were involved to some extent, 
but the greatest response was in the incidence 
of amorphous heads (C) which were increased 
from 2.18% in the air control to 20.87% in 
the 1000 ppm exposure group (r, < 0.001). It 
was concluded that bis(2-methoxyethyl)ether 
does increase the frequency of abnormal 
sperm. Some increases were also observed after 
EMS treatment, the largest increase being in 
the folded tail (D) category. 

Sex-linked recessive lethal test in Drosoph- 
ila. (a) 2-Methoxyethanol. The two breeding 
stocks of flies (A and B) were exposed to 25 
ppm for 1 hr of 500 ppm for 15 min, the 
maximum tolerated doses as established in 
the preliminary tests. In the first F2 generation 
brood, which covers Days 1 to 3 of the sper- 
matogenesis cycle, and the F3 generation there 
was no evidence for recessive lethal induction 
(Table 5). The results of the second F2 gen- 
eration brood, covering Days 3 to 8 of sper- 
matogenesis, and the third brood, covering 
Days 8 to 11, were conflicting for the two 
stocks of flies. At 500 ppm, Stock A produced 
3/386 (0.78%) recessive lethals, all of them in 
Brood 3, whereas Stock B gave 2/457 (0.44%) 
recessive lethals, both of them in Brood 2. 
Thus, although the frequencies were relatively 
high, 2-methoxyethanol could not be consid- 
ered responsible. (b) Bis(2-methoxyethyl)her. 
Preliminary toxicity tests indicated a maxi- 
mum dose to be used of 250 ppm for 2.75 hr. 
Fertility was not impaired by this treatment. 
In the air control groups, there were three F2 
generation lethals in Stock A flies and two in 
Stock B flies (Table 6). All of the Stock A 
lethals occurred in Brood 1, giving a frequency 
of 3/571 (0.53%), while the Stock B lethals 
were distributed as one in Brood 1 (0.18%) 
and one in Brood 2 (0.18%). In the bis(2- 
methoxyethyl)ether-exposed flies, there were 
six lethals in Stock A and one in Stock B. The 
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Stock A lethals were distributed as one in 
Brood 1 (l/539, 0.18%) one in Brood 2 (I/ 
520, 0.19%), and four in Brood 3 (4/490, 
0.8 1%). The single Stock B lethal occurred in 
Brood 3 (l/543, 0.18%). So, the high Stock 
A, Brood 3 result was not repeated in Stock 
B flies. It is difficult to interpret this result 
because the concurrent air control also showed 
an unusually high frequency of recessive le- 
thals, so, bis(2-methoxyethyl)ether should be 
reinvestigated in the SLRL test. In the F3 gen- 
eration, there were no lethals in the air control 
group, while, in the bis(2-methoxyethyl)ether- 
exposed group, there were 6/484 (1.24%) le- 
thals in Brood 1 and none in either Brood 2 
or 3. This high frequency was a result of two 
clusters; four of the six lethals were derived 
from one exposed male and the remaining 
two were also derived from a single male. 
Mapping experiments showed that the lethals 
from the former of these males all mapped in 
the same part of the chromosome, indicating 
that these four lethals were not independent 
events. 

DISCUSSION 

The use of Ames’ test, the UDS assay, and 
the bone marrow cytogenetic test failed to 
demonstrate any genotoxic effects of either 2- 
methoxyethanol or its condensation product, 
bis(2-methoxyethyl)her. Antifertility was the 
most obvious result from the high concentra- 
tion exposure groups of the dominant lethal 
tests in which pregnancy frequencies were low 
in Weeks 4 through 8 (Zmethoxyethanol) and 
Weeks 4 through 9 [bis(2-methoxyethyl)ether]. 
The antifertility effect observed in the com- 
pleted test was supported by the results of the 
curtailed dominant lethal test, reported here, 
and dominant lethal studies in which rats were 
exposed to 300 ppm 2-methoxyethano16 hr/ 
day, 5 days/week for 13 weeks (Rao et al., 
1983). In this prolonged exposure experiment 
there were no successful matings from male 
rats exposed to 300 ppm, whereas there were 
no adverse effects upon reproduction following 

exposure to 30 or 100 ppm 2-methoxyethanol. 
Of those females which were pregnant in the 
current experiments, implantations were 
greatly reduced in Weeks 5 and 6 (Zmeth- 
oxyethanol) and Weeks 6 and 7 (bis(2-meth- 
oxyethyl)ether]. The frequencies of mature 
corpora lutea were also reduced at these times. 
These results with the two compounds are very 
similar and the small differences in timing of 
the effects may be inconsequential. 

There is some doubt whether preimplan- 
tation losses have any significance in the as- 
sessment of dominant lethal mutation. While 
a highly potent mutagen might induce com- 
plete preimplantation loss (Kratochvilova, 
1978), it has been pointed out that a reduction 
in total implantations can be due to either 
preimplantation dominant lethals or unfer- 
tilized eggs due to low numbers of sperm 
(Bateman, 1977). The only way of distin- 
guishing between these possibilities is to ex- 
amine the shed ova and determine whether 
or not they have been fertilized. This deter- 
mination cannot be done at the same time as 
a dominant lethal test. Therefore, the low cor- 
pora lutea graviditatis counts and the low 
numbers of implantations are not conclusive 
evidence of dominant lethal mutation. 

The postimplantation losses apparent in the 
high-dose groups of rats exposed to 2-meth- 
oxyethanol or bis(2-methoxyethyl)ether oc- 
curred mainly in those assessment weeks 
where total implantations were very low. The 
coincidence of these features creates interpre- 
tative problems. Studies of large quantities of 
control group data from CD-1 mouse domi- 
nant lethal tests have shown that, in untreated 
mice, there are proportionally more early 
deaths in females with low numbers of im- 
plantations (Anderson et al., 198 1). The same 
appears to be true of CD rats in this laboratory. 
In 16 experiments, the mean percentage early 
deaths in untreated rats fell from 50% in preg- 
nancies with a single implantation to about 
7% when there were more than five implan- 
tations (unpublished data). Therefore, the high 
proportion of early deaths in Week 5 (2-meth- 
oxyethanol) and Week 6 [bis(2-methoxy- 
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ethyl)ether] could be partly explained by the gest that effects upon male fertility and em- 
low total implantation frequency. However, bryonic development are of much greater im- 
there were significant increases in early death portance than genetic effects when setting 
frequency in some assessment weeks where tolerable limits. Those male reproductive ef- 
total implantations were at reasonably high fects which were seen occurred only at the 
levels. This was the case, for 2-methoxy- high concentrations which also induced body 
ethanol, in Weeks 7 and 8 (binomial model) weight changes. 
or Week 7 (Poisson model) and, for bis(2- 
methoxyethyl)ether, in Week 5 (binomial and 
Poisson models). Thus, for each compound REFERENCES 
there was good evidence for a postimplanta- 
tion dominant lethal effect in one assessment AMES, B. N., MCCANN, J., AND YAMASAKI, E. (1975). 
week which was independent of the statistical Methods for detecting carcinogens and mutagens with 

model used. the SulmoneNa/mammalian microsome test. Mufat. 
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sperm head abnormalities were increased in 
(B. J. Kilhey, M. Legator, W. Nichols, and C. Ramel, 

the high dose groups of both compounds. Be- 
eds.), pp. 325-334. Elsevier, Amsterdam. 

DONE, J. N., AND MCGREGOR, D. B. (I 98 I). A simple 
sides any general suppression of sperm mat- device for Drosophila containment during exposure to 

uration induced by these compounds, the in- gases or vapours. Drosophila Information Serv. 56, 175. 

creased frequencies of abnormal sperm from KRATOCHVILOVA, J. (1978). Evaluation of pre-implan- 

exposed spermatocytes probably would have 
tation loss in dominant lethal assay in the mouse. Mutat. 

contributed to the antifertility effects. 
Res. 54, 47-54. 

MILLER, R. R., CARREON, R. E., YOUNG, J. T., AND 
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parative metabolism and disposition of ethylene glycol 
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involvement of methoxyacetic acid should be ether in male rat. Toxicol. Appl. Pharmacol. 67, 229- 
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