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Abstract. The induction of  cytogenetic effects by inhala- 
tion of  ethylene oxide was tested in bone marrow cells and 
primary spermatocytes at diakinesis-metaphase I cells 
from mouse after a single treatment (6 h/1 day) at 0, 200, 
400 and 600 ppm, and multiple treatment (6 h /5  days/2  
weeks) at 0, 200 and 400 ppm. Ethylene oxide induced 
chromosomal aberrations in both somatic as well as in 
germ cells of  mice. 

In the single treatment the response observed for germ 
cells was not equivalent to that observed for somatic cells. 
In the latter there was a greater sensibility for bone mar- 
row cells. With multiple treatment the effects on the 
chromosomes were equivalent in somatic and in germ 
cells. 
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Introduction 

Ethylene oxide is produced on an industrial scale and has 
many uses involving wide-spread human exposure. It is 
used as a fumigant for foodstuffs and textiles, as an agri- 
cultural fungicide and in the sterilization of  surgical in- 
struments. It is also used in organic synthesis, particularly 
in the production of  ethylene glycol and as starting materi- 
al for the manufacture of  acrylonitrile and non-ionic sur- 
factants (Fishbein 1969). 

Ethylene oxide is a mono-epoxide derived from ethy- 
lene, an environmental pollutant. According to Ehrenberg 
and Hussain (1981), the epoxides are relatively efficient in- 
ducers of  chromosomal aberrations when compared to 
other alkylating agents. A number of  studies have demon- 
strated ethylene oxide induction of  gene mutations and 
chromosomal aberrations in several non-mammalian sys- 
tems, and of  mutations, sister-chromatid exchanges, un- 
scheduled D N A  synthesis, and micronuclei in mammalian 
in vitro assays and somatic tissues (see reviews by Wolman 
1979; Ehrenberg and Hussain 1981). The studies in mam- 
mals demonstrated that ethylene oxide induces chromo- 
some aberrations in bone marrow cells of  rats (Strekalova 
1971; Embree and Hine 1975) and micronucleated cells in 
bone marrow of  rats and mice (Embree and Hine 1975; 
Appelgren et al. 1978). In the mammalian germline, ethy- 
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lene oxide has been shown to induce chromosomal brea- 
kage and rearrangement as measured by the dominant-le- 
thal test in mice (Appelgren et al. 1977; Cumming and Mi- 
chaud 1979; Generoso et al. 1980, 1983) and rats (Strekalo- 
va et al. 1975; Embree et al. 1977), and by the heritable 
translocation test in mice (Generoso et al. 1980). Ethylene 
oxide also induces unscheduled D N A  synthesis (UDS), 
and thus presumably primary D N A  damage, in the testis 
(Cumming and Michaud 1979), and causes direct testicular 
damage, such as cell killing, and abnormalities in sperm 
motility and morphology (NIOSH 1982). Ethylene oxide- 
induced alkylations in the mammalian testis (Ehrenberg et 
al. 1974; Sega et al. 1981; Cumming et al. 1981a; Sega 
1982) and specific locus mutation (Russel et al. 1984) have 
been measured. 

In this study, we evaluated the effects of  ethylene oxide 
in the induction of  chromosome aberrations in bone mar- 
row cells and in mouse germ cells (primary spermatocytes 
at diakinesis-metaphase I) after single or multiple expo- 
sure to inhalation. The effects of  ethylene oxide in bone 
marrow and germ cell chromosomes were compared and 
analysed. 

Material and methods 

Three-week-old Swiss Webster male mice were obtained 
from the Instituto Butantan and kept in stainless steel 
cages until exposure (at the age of  8 - 1 0  weeks). Food and 
water were freely available. Room temperature (22-24 o C) 
and lighting (12 h on and 12 h off) were controlled. At the 
beginning of  treatment the animals were transferred to 
special inhalation chambers with no water and food, dur- 
ing the exposure. Ethylene oxide (CAS no. 75-21-8) was 
obtained from Oxiteno S.A. Indfistria e Com6rcio, Mau/t, 
S~o Paulo, Brazil, and was specified by the manufacturer 
to be 99.9% pure. Our gas chromatography analyses con- 
firmed this level of  purity. The synthetic gaseous mixtures 
(800 ppm in nitrogen) were prepared in stainless steel 
cylinders at the Oxiteno Laboratory and were used by us 
in order to obtain the desired concentrations. 

Animals were exposed in dynamically operated inhala- 
tion exposure chambers constructed of  thermoplastic ma- 
terial with 0.4 m 3 capacity. Ethylene oxide-air concentra- 
tions were established and maintained in the exposure 
chambers by passing the gas at a controlled rate through a 
flowmeter in a mixing tube, where it was diluted with fil- 
tered room air, and thence into the gassing chamber. A 



1001/min chamber  air  flow was main ta ined  throughout  
the study, with five to eight air  changes /h .  Tempera ture  
and humidi ty  were moni to red  each hour  during the expo- 
sures and were main ta ined  at 2 4 + 3  ~ and 5 0 +  10%, re- 
spectively. 

The ethylene oxide concentra t ions  in the chambers  
were moni tored  during opera t ion  with a CG 3537 - D gas 
chromatograph  equipped with a flame ionizat ion detector. 
The readings were taken hourly from each chamber  during 
the exposures and a t ime weighted average was calculated.  

For  the single t reatment,  groups of  20 animals  were ex- 
posed to 0, 200, 400 and 600 ppm ethylene oxide for 6 h. 
The animals  were kil led by cervical dis locat ion (ten for 
each concentrat ion)  24 h after the beginning of  the expo- 
sure and the bone marrow cells were collected for chromo- 
somal  preparat ions .  For  the cytogenetic analysis in diakin-  
esis-metaphase I, the animals  were kil led 12 days after the 
beginning of  the exposure which, according to the time se- 
quence established by Oakberg (1956, 1957), represents 
t reatments at the D N A  dupl ica t ion  stage. The animals  
were injected in t raper i tonia l ly  with colchicine 
( 1 0 0 m g / k g / b o d y  wt.) 2 h  before sacrifice. Cytological  
p repara t ions  from bone marrow and testis were obtained,  
according to the techniques described respectively, by Hsu 
and Patton (1969) modif ied  by Zambrano  et al. (1982) and 
Evans et al. (1964). One hundred  cells were analysed from 
either the bone  marrow or testis of  each animal.  The meta- 
phases of  the bone marrow cells were evaluated for 
chromat id  and chromosome type aberrat ions,  while in the 
d iakines is -metaphase  I breaks,  fragments, interchanges 
and univalents were take into account  in the analysis. 

In the mult iple t reatment,  groups of  ten animals  were 
exposed to 0, 200 and 400 ppm ethylene oxide during 
6 h /5  days /2  weeks; in total,  12 days from the beginning 
to the end of  the treatment.  The animals  were kil led 24 h 
after the end of  t reatment  and using the same technique, 
bone marrow and germ cell chromosomes  were obta ined 
from each animal.  The frequency of  chromosome aberra-  
tions in bone marrow and germ cells was evaluated in both 
control  and treated groups. The results were tested with the 
Propor t ional  test, based on approx imat ion  of  the b inomial  
to the Poisson distr ibut ion,  due to the small number  of  
cells with aberra t ions  in relat ion to the total number  of  
cells (Chakravart i  et al. 1967). 

Results 

Table 1 shows the frequency of  bone marrow cells with 
chromosome aberra t ions  both in control  and  treated 
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groups.  After a single t reatment  with an a tmosphere  of  200 
ppm ethylene oxide,  there were no significant differences 
between treated and control  groups. However,  the differ- 
ences were significant when animals  were exposed to 400 
and 600 ppm,  not only for total number  of  cells with aber- 
rat ions but also for the separated frequencies of  cells with 
chromat id  gaps, chromat id  breaks and fragments. 

Table 2 shows the frequency of  chromosome aberra-  
tions in diakinesis-metaphase I both in treated and control  
groups after a single 6 h t reatment  with ethylene oxide. As 
for the somatic cells, in meiosis there was no significant 
difference when the 200 ppm treated group and the control  
were compared.  At 400 and 600 ppm concentrat ions,  there 
was a significant increase only for autosomal  and X-Y uni- 
valents. 

Table 3 shows the frequency of  chromosome aberra-  
tions in bone marrow in both treated and control  groups 
after mult iple t reatment  with ethylene oxide. Compara t ive  
analysis of  treated and control  groups shows a significant 
increase in chromat id  gaps, chromat id  breaks and chro- 
mat id  fragments when the animals  were exposed to 200 
and 400 ppm. Table 4 shows an increase in the frequncy of  
chromosome aberrat ion and univalents in germ cells after 
mult iple t reatment  with 200 and 400 ppm. 

The aberrat ions  observed in metaphases of  bone mar- 
row were gaps, breaks and chromat id  fragments. Meta- 
phases with interchanges resulting from translocat ions 
were not found. Each cell showed only one aberrat ion,  
which the exception of  one cell that showed two gaps com- 
puted with the cells with only one gap. In diakinesis-meta-  
phase I analysis,  the observed aberra t ions  were: chromat id  
and isochromat id  breaks,  chromat id  and isochromat id  
fragments and  X-Y univalents.  Each meiotic cell consid- 
ered showed only one aberra t ion and interchanges result- 
ing from translocat ions were not observed. 

Discussion 

Mutat ions in germ cells are very impor tant  and relevant,  
since they are the only way in which damage induced in 
the D N A  can be t ransmit ted to the next generations.  The 
analysis  of  meiotic cells in d iakines is-metaphase  I showed 
that ethylene oxide induced chromosome aberrat ions  in 
mouse germ cells exposed to the inhalat ion gas mixtures. 
However,  their frequencies for somatic and germ cells 
were not equivalent.  

For  the single t reatment,  the induct ion of  structural 
chromosome aberrat ion in germ cells is not equivalent  to 
that observed for somatic cells, since the sensitivity was 

Table 1. Frequency of cells with aberrations in bone marrow of mice after single ~ treatment with ethylene oxide (E.O.) 

Concentration No. of mice No. of cells Number of cells with 
E.O. used scored 

Gap Break Fragment Total 
(%) (%) (%) (%) 

0 ppm 10 1000 5 (0.5) 1 (0.1) 3 (0.3) 9 (0.9) 
200 ppm 10 1000 4 (0.4) 6 (0.6) 4 (0.4) 14 (1.4) 
400ppm 10 1000 14 (1.4)* 9 (0.9)* 17 (1.7)** 40 (4.0)** 
600ppm 10 1000 17 (1.7)** 15 (1.5)** 19 (1.9)** 51 (5.1)** 

~ The mice received a single treatment for 6 h 
* Significant at 5% level 
** Significant at 1% level 
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Table 2. Frequency of cells with aberrations in diakinesis-metaphase I of mice after single a treatment with ethylene oxide (E.O.) 

Concentration No. of mice No. of cells Number of cells with 
E.O. used scored 

Break Fragment Autosome X - Y Total 
(%) (%) univalent univalent (%) 

(%) (%) 

0 ppm 10 1000 1 (0.1) 2 (0.2) 6 (0.6) 30 (3.0) 39 (3.9) 
200ppm 10 1000 1 (0.1) - 9 (0.9) 31 (3.1) 41 (4.1) 
400 ppm 10 1000 5 (0.5) 4 (0.4) 20 (2.0)** 78 (7.8)** 107 (10.7)** 
600ppm 10 1000 4 (0.4) 3 (0.3) 17 (1.7)* 71 (7.1)** 95 (9.5)** 

a The mice received a single treatment for 6 h 
* Significant at 5% level 
** Significant at 1% level 

Table 3. Frequency of cells with aberrations in bone marrow of mice after multiple a treatment with ethylene oxide (E.O.) 

Concentration No. of mice No. of cells Number of cells with 
E.O. used scored 

Gap Break Fragment Total 
(%) (%) (%) (%) 

0ppm 10 1000 3 (0.3) - 1 (0.1) 4 (0.4) 
200 ppm 10 1000 19 (1.9)** 14 (1.4)** 23 (2.3)** 56 (5.6)** 
400 ppm 10 1000 35 (3.5)** 29 (2.9)** 16 (1.6)** 80 (8.0)** 

a The mice were treated for 6 h/5 days/2 weeks 
** Significant at 1% level 

Table 4. Frequency of cells with aberrations in diakinesis-metaphase I of mice after multiple a treatment with ethylene oxide (E.O.) 

Concentration No. of mice No. of cells Number of cells with 
E.O. used scored 

Break Fragment Autosome X - Y 
(%) (%) univalent univalent 

(%) (%) 

Total 
(%) 

0 ppm 10 1000 - - 5 (0.5) 29 (2.9) 
200 ppm 10 1000 5 (0.5)* 7 (0.7)** 30 (3.0)** 59 (5.9)** 
400ppm 10 1000 170 (1.7)** 11 c (1.1)** 48 (4.8)** 85 (8.5)** 

34 (3.4) 
101 (10.1)** 
161 (16.1)** 

a The mice were treated for 6 h/5 days/2 weeks 
b 0.5 (5%) of these cells showed aberrations of chromosome type 
c 0.3 (3%) of these cells showed aberrations of chromosome type 
* Significant at 5%level 
** Significant at 1% level 

higher for bone marrow cells. But for multiple treatment, 
in the same animal,  there seems to be a good correlation 
between the effects observed for somatic and germ cells. 

The different responses of bone marrow and germ cells 
after a single treatment with ethylene oxide, at 400 and 600 
ppm, may be explained on the basis of the toxokinetics 
and toxodynamics of this chemical. A single exposure may 
have led to a very quick detoxification, which, in associa- 
tion with a probable reduction in the passage of the sub- 
stance through the testis hystological barrier, would result 
in less active substance reaching the germ cells. As ob- 
served by Ehrenberg et al. (1974), inhaled ethylene oxide 
has a rapid distribution to all organs, and a rapid detoxifi- 
cation and excretion. On the other hand, since ethylene 

oxide-induced alkylations in the mouse testis have been 
studied, two studies have demonstrated that after exposure 
of animal to tritium labelled ethylene oxide, the radioac- 
tivity (Ehrenberg et al. 1974) and the alkylation of DNA 
(Cumming et al. 1981 b) was very low in testis compared to 
other tissues. 

The increase in the frequency of cells with autosomal 
univalents and X-Y univalents suggests that even a short- 
term exposure (400 or 600 ppm for 6 h) may interfere with 
the pairing of the chromosomes. This probably occurs be- 
cause of the interaction between this substance and the 
proteins that form the synaptonemic complex. The occur- 
rence of univalents induced by ethylene oxide indicate the 
possibility that this substance induces non-dysjunct ion.  
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In bone marrow,  the higher frequency observed in our 
study for total cells with aberra t ions  was 8.0% (Table 3) in 
mice exposed to 400 ppm of  ethylene oxide for 6 h /5  
days /2  weeks. However,  Embree  and Hine (1975) related 
an increase in total  aberra t ions  in bone  marrow samples 
from 7/120 ceils in the control  group to 101/120 cells of  
rats exposed to 250 ppm ethylene oxide for 7 h / d a y  for 3 
days. The discrepancy between our results and those of  
Embree  and Hine (1975) could be due to differences in 
exper imental  condid ions  such as species animal ,  exposi- 
t ion mode,  ethylene oxide puri ty and exposi t ion time. 

The major i ty  of  aberra t ions  observed in diakinesis-  
metaphase  I were of  the chromat id  type (break or chro- 
mat id  fragments),  al though a smaller  p ropor t ion  of  cells 
showed aberrat ions  of  the chromosome type (break or 
fragments)  (see Table 4). The observat ion of  chromosomic  
aberra t ions  argues against  the assumption established for 
somatic  cells in which aberra t ions  induced by alkylat ing 
agents are S-dependent ,  and that  the resulting aberra t ions  
are of  the chromat id  type. As ethylene oxide is an alkylat-  
ing agent and  induces mainly aberrat ions  of  the chromat id  
type,  our suggestion is that  it may also induce chromo- 
some aberrat ions,  depending  on the stage and the type of  
cell treated. The mechanism by which the chemical ly-in-  
duced damage in the germ cell chromosomes  are con- 
verted into aberra t ions  may depend  on many factors:  the 
stage of  the treated germ cells, repair  mechanism of  the 
germ cell and the type of  the chemical  used. Several inves- 
t igators (Embree et al. 1977; Cumming  and Michaud  1979; 
Generoso  et al. 1980; Generoso  et al. 1983) repor ted  that 
ethylene oxide induced dominan t  lethal mutat ions  in rats 
and  mice after postmeiot ic  germ cells t reatment.  This fact 
supports  the idea that  ethylene oxide may also induce 
chromosome aberrat ions.  

Our  results in mammal i an  germ cells in associat ion 
with data  repor ted  by other authors show the potent ial  
risks of  the ethylene oxide to human popula t ions  and may 
represent  a useful contr ibut ion in further studies of  occu- 
pa t iona l  exposed men. 

Acknowledgements. We would like to thank Mrs. Vera Raquel 
Aburesi Salvadori for reading the English manuscript. This re- 
search was supported by Conselho Nacional de Desenvolvimento 
Cientifico e Tecnol6gico (CNPq), Financiadora de Estudos e 
Projetos (FINEP) e Oxiteno S. A. IndOstria e Com6rcio - Brasil. 
The authors thank Mr. H. J. Targa for critical reading of the man- 
uscript. 

References 

Appelgren LE, Eneroth G, Grant C (1977) Studies on ethylene 
oxide: wholebody autoradiography and dominant lethal test 
in mice. Proc Environ Soc Toxicol 18:315-317 

Appelgren LE, Eneroth G, Grant C, Landstr6m LE, Tenghagen K 
(1978) Testing of ethylene oxide for mutagenicity using the 
micronucleus test in mice and rats. Acta Pharmacol Toxicol 
43:69-71 

Chakravarti IM, Laha RG, Roy JR (1967) Handbook of methods 
on applied statistics. Vol. I, John Wiley, New York 

Cumming RB, Michaud TA (1979) Mutagenic effects of inhaled 
ethylene oxide in male mice. Environ Mutagen 1: 166-167 

Cumming RB, Michaud TA, Lewid LR, lson WH (1981a) In- 
halation mutagenesis in mammals. I - Patterns of unsche- 
duled DNA synthesis induced in germ cells of male mice by 
exposure to ethylene oxide in air. Mutat Res 87:211-215 

Cumming RB, Sega GA, Horton CY, Olson WH (1981b) Degree 
of aikylation of DNA in various tissues of the mouse follow- 
ing inhaltaion exposure of ethylene oxide. Environ Mutagen 
3: 343 

Ehrenberg L, Hussain H (1981) Gentic toxicity of some important 
epoxides. Mutat Res 86: 1-113 

Ehrenberg L, Hiesche KD, Osterman-Golkar S, Wennberg I 
(1974) Evaluation of genetic risks of alkylating agents: Tissue 
doses in the mouse from air contaminated with ethylene 
oxide. Mutat Res 24:83-103 

Embree JW, Hine CH (1975) Mutagenicity of ethylene oxide. 
Toxicol Appl Pharmacol 33 : 172-173 

Embree JW, Lyon JP, Hine CH (1977) The mutagenic potential of 
ethylene oxide using the dominant-lethal assay in rats. Toxi- 
col Appl Pharmacol 40:261-267 

Evans EP, Breckon G, Ford CE (1964) An air-drying method for 
meiotic preparations from mammalian testis. Cytogentics 3: 
289-294 

Fishbein L (1969) Degradation and residues of alkylating agents. 
Ann NY Acad Sci 163:869-894 

Generoso WM, Cain KT, Krishan M, Sheu CM, Gryder RM 
(1980) Heritable translocation and dominant-lethal mutation 
induction with ethylene oxide in mice. Mutat Res 73: 133-142 

Generoso WM, Cumming RB, Bandy JA, Cain KT (1983) In- 
creased dominant-lethal effects due to prolonged exposure of 
mice to inhaled ethylene oxide. Mutat Res 119:377-379 

Hsu TE, Patton JL (1969) Bone marrow preparations for chromo- 
some studies. In: Comparative mammalian cytogenetics, 
Springer-Verlag, New York, Berlin, Heidelberg, pp 454-460 

NIOSH (1982) Toxic and mutagenic effects of ethylene oxide and 
propylene oxide on the spermatogenic functions in cynomol- 
gus monkeys (Macacafascicularis), submitted by Envtl Health 
Research and Testing Inc, Lexington, Ky, NIOSH Contract 
No. 211-81-0024 

Oakberg EF (1956) Duration of spermatogenesis in the mouse and 
timing of stages of the cycle of the seminiferous epithelium. 
Am J Anat 99:507-516 

Oakberg EF (1957) Duration of spermatogenesis in the mouse. 
Nature (Lond) 180:1137-1138 

Russell LB, Cumming RB, Hunsicker PR (1984) Specific-locus 
mutation rates in the mouse following inhalation of ethylene 
oxide, and application of the results to estimation of human 
genetic risk. Mutat Res 129:381-388 

Sega GA (1982) DNA repair in spermatocytes and spermatids of 
the mouse. In: Banbury Report 13: Indicators of genotoxic 
Exposure, Cold Spring Harbor Laboratory, pp 503-513 

Sega GA, Cumming RB, Owens JG, Horton CY, Lewis LR (1981) 
Alkylation pattern in developing mouse sperm, sperm DNA 
and protamine after inhalation of ethylene oxide. Environ 
Mutagen 3:371 

Strekalova ZE (1971) Mutagenic action of ethylene oxide in mam- 
mals. Toksikol Nov Prom Khim Veshchestr 12:72-78 

Strekalova ZE, Chirkova EM, Golubovich E (1975) Mutagenic 
action of ethylene oxide on sex and somatic cells in male 
white rats. Toksikol Nov Prom Khim Veshchestr 14:11 - 16 

Wolman SR (1979) Mutational consequences of exposure to ethy- 
lene oxide. J Environ Pathol Toxicol 2:1289-1303 

Zambrano MA, Targa H J, Rabello-Gay MN (1982) Physiological 
saline solutions as a useful tool in micronucleus and meta- 
phase slide preparations. Stain Technol 57:48-49 

Received April 28, 1986/Accepted August 25, 1986 


