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abstract

The aim of this study was to evaluate the toxicity of Ethylene Glycol Monomethyl Ether 
(EGME) on fertility and early embryonic development to implantation, following oral gavage to 
Wistar rats. EGME, which is a known testicular toxicant, was administered to male rats for four 
weeks and to female rats for two weeks prior to mating at dose levels of 20, 40 and 80mg/kg orally, 
once daily. Dosing was continued in males until sacrifice (Day 43) and in females until day six of 
gestation. Females were sacrificed on Day 15 of gestation and examined for implantation sites, 
viable fetuses and ovarian corpora lutea. Males were evaluated for sperm parameters as well as 
organ weight and histopathology of the reproductive tissues. At the end of dosing, the 80 mg/
kg/day males had decreased weight and size of testes and epididymides which correlated with 
tubular atrophy of the testes and ductal atrophy plus reduced sperm in the epididymides. Testicular 
changes were less severe in the 40 mg/kg/day group, comprising Sertoli cell vacuolation, with 
degeneration and depletion of elongating spermatids and spermatid retention in the testes and 
lumenal cell debris in the epididymides. No testicular abnormalities were observed in the 20 mg/kg/
day males but cell debris was present in the epididymal lumen. There was a dose related decrease 
in total sperm count and sperm viability (≥20 mg/kg/day) and sperm motility (≥40 mg/kg/day). The 
fertility index in the EGME dosed groups showed a dose-related decline and the time taken for 
females to conceive was increased.
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Ethylene glycol monomethyl ether (EGME) and its acetate ester (MEA) are highly 
volatile liquids used in paints, lacquers, stains, inks and surface coatings, silk-screen printing, 
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photographic and photo lithographic processes 
and as an anti-icing additive in hydraulic fluids 
and jet fuel (Johanson, 2000; Starek and 
Szabla, 2008). These compounds may be 
ingested, inhaled or absorbed into the systemic 
circulation via the dermal route after contact on 
the skin (Johanson, 2000). EGME and MEA 
both are listed under Proposition 65 of the Safe 
Drinking Water and Toxic Enforcement Act of 
1986 as known agents causing developmental 
toxicity and reproductive toxicity (“Ethylene 
Glycol Monomethyl Ether | OEHHA,” 1989). 
Reports suggest presence of oligospermia and 
azoospermia and the odds ratio for lower sperm 
counts per ejaculate were found increased in 
workers as compared to those workers who 
were not exposed to glycol ethers, in a study 
conducted on shipyard painters occupationally 
exposed to EGME and MEA (Welch et al., 
1988). Other cross-sectional studies were also 
conducted to relate occupational exposure of 
EGME and male infertility and showed negative 
effects of the ethers (Cherry et al., 2008; 
Multigner et al., 2007). In women, disturbance 
in the corpus luteum function and inhibition 
of ovulation as well as disturbance of the 
menstrual cycle have been observed (Davis 
et al., 1997; Gold et al., 1995). In this study, 
we have examined the toxicity of EGME on 
fertility and early embryonic development to 
implantation following exposure by oral route in 
male and female Wistar rats at three different 
dose levels of EGME.

Material and Methods

experimental Protocol: 

The study was carried out as per 
the guidelines provided by the Committee 
for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA), 
Government of India. The project was approved 
by Institutional Animal Ethics Committee. The 
test facility is accredited with GLP certificate from 
National GLP Compliance Monitoring Authority, 
Govt. of India and additionally accredited by 
AAALAC International for animal ethics. Wistar 
rats (50 male and 50 female, of 150-250 g) were 
received from Laboratory Animal Resources, 
Sun Pharma Advanced Research Co. Ltd., 
Vadodara and were housed in Individually 

Ventilated Caging system. Sterilized corncob 
was provided as bedding material. Controlled 
environment was maintained (light: 12 h light/
dark; Temperature: 20-26˚C; RH: 30-70%). 
Animals were provided with Irradiated Certified 
rodent diet (Envigo, 2018C) and autoclaved 
R.O. water ad libitum. Females were virgin. 
Animals were of 200-300g at the initiation 
of dosing and acclimatized for 7 to 10 days. 
Veterinary health check and randomization was 
performed during acclimation period to select 
48 males and 48 females for study. Animals 
were divided into 4 groups with 12 animals/
sex/group. EGME was dissolved in de-ionized 
water and to a final concentration of 2, 4, 8 mg/
ml; rats were given 20 (G2, low dose), 40 (G3, 
mid dose) and 80 (G4, high dose) mg EGME 
per kg per day orally. Dose volume of each 
animal was calculated based on the recently 
recorded body weights. Control animals (G1) 
received de-ionized water. Dosing in females of 
the respective group was initiated on Day 15 of 
male dosing. Dosing was continued through the 
mating period also. Dosing in mated females 
was continued up to Day 6 of gestation and in 
males until terminal sacrifice (total 42 days of 
dosing in males).

Mating Protocol and Justification of Doses 
and route selection: 

On last day of pre-mating dosing (i.e. 
Day 28 in male and Day 14 in female), males 
and females from the same group were co-
habited (1M:1F) for mating. Mating period was 
up to 10 days or if the female was found to be 
mated (presence of vaginal plug or presence 
of sperms in vaginal smear), whichever was 
earlier. During the mating period vaginal 
smears were obtained daily in the morning and 
examined under the microscope for presence 
of spermatozoa. Vaginal canal was lavaged 
with normal saline (0.9%) and the contents 
were delivered onto a glass slide. Smears were 
observed under a microscope and presence 
of sperms was considered as positive sign of 
mating i.e. Day 0 of pregnancy. If any female 
failed to mate during mating period of 10 days; 
Day 11 was considered as Day ‘0’ of gestation 
for that female/s. By exposing to Isoflurane 
(anesthesia) and CO2 (euthanasia), females 
were sacrificed on gestation Day 15 and males 
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were sacrificed on Day 43 and observed for 
gross pathology.

The doses were selected on the basis 
of 2 and 4 week repeated dose oral toxicity study 
of EGME in rats (Dodo et.al., 2009, Watanabe 
et.al., 2000). Doses of EGME employed in 
these studies were 0/30/100/300 mg/kg/day 
for females (Dodo et al., 2009) whereas males 
were dosed for 100/200 mg/kg/day for 2 weeks 
and 100 mg/kg/day for 4 weeks (Watanabe et 
al., 2000).

chemicals: 

Ethylene Glycol Monomethyl Ether 
(CAS Number: 109-86-4) was purchased from 
MP Biomedical, LLC, 29525 Fountain Parkway, 
Solon, OH 44139, United States. 

Body weight, Food consumption and 
clinical sign: 

Males were weighed on Day1 of 
premating dosing and weekly thereafter, and 
on day of sacrifice. Female body weights were 
recorded on Day1 of premating dosing and 
thereafter weekly until found mated. During 
pregnancy, body weight was recorded on Days 
0, 3, 7, 10 and on day of sacrifice. Feed weights 
were recorded weekly during pre-mating dosing 
and until cohabited for mating and in females 
on gestation Days 0, 3, 7, 10 and on the day of 
sacrifice.

Cage side observations were done, once daily, 
for all rats during the acclimation period and 
twice daily for all rats, once before dosing and 
post-dosing until rats were sacrificed.

Necropsy, histopathology, sperm 
evaluation and reproductive Performance/
Parameters:

Females were sacrificed on Gestation 
Day (GD) 15 and males were sacrificed on 
Day 43 of the treatment period using isoflurane 
(for anesthesia) and CO2 (for euthanasia) and 
observed for gross pathology. 10% ammonium 
sulphide solution was used to identify post 
implantation loss (early death). Number of live 
and dead conceptus and number of corpora 
lutea were recorded. The following tissues were 

removed, blotted, and weighed: epididymis, 
kidneys, spleen, thymus, lungs, liver, pituitary, 
right and left testis, brain, adrenal, ovaries and 
uterus-cervix. The tissues were then stored in 
10% neutral buffered formalin until processed 
for sectioning except testes and epididymis, 
which were preserved in Modified Davidson 
Fixative for 24 h and then transferred to 10% 
neutral buffered formalin for storage. Sections 
of testes and left epididymis of animals from 
all groups were taken at four to six microns 
and stained with periodic acid schiff (PAS) and 
haematoxylin-eosin (H&E). Measurement of 
sperm motility, viability, total sperm count and 
morphology from all animals was performed 
manually (Hood, 2005) as per below procedures. 
Cauda of right epididymis was used from all 
animals.

sperm motility: 

A small piece of right cauda was 
collected in 5 ml of 0.9% normal saline in petri-
plate kept at room temperature (23-28 ˚C). 
Sperms were allowed to ooze out in saline 
for approximately 5-10 minutes. A small drop 
of saline contained semen from junction of 
cauda was taken with pipette and loaded the 
haemocytometer chamber. WBC counting 
squares in haemocytometer were observed 
under 10x objective and counting of non-motile 
sperms followed by counting of total sperms 
was done. Percentage motility was determined 
as: Motile spermatozoa = Total spermatozoa 
count – Non-motile spermatozoa

Motility (%) = Motile spermatozoa/Total 
Spermatozoa X 100

total sperm count: 

The remaining part of cauda was 
weighed (mg) and crushed with BP blade 
and forceps in 5 ml of normal saline in a petri-
plate kept at room temperature (22-26˚C). 
Sperms were allowed to ooze out into saline 
for approximately 5-10 minutes. A homogenate 
was obtained by swirl action of contents in petri-
plate to get maximum free spermatozoa. The 
sample was sucked in WBC diluting pipette up 
to the 0.5 marks and then normal saline up to 11 
marks on WBC pipette (20 times dilution). It was 
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mixed well by rotating the pipette between two 
palms. First few drops were discarded and then 
haemocytometer was charged with the diluted 
sample. Total spermatozoa were counted from 
WBC counting squares under 10X objective. 
Total sperm count was determined as follows:

Total sperm count = {(N X 20 X 1000 X Dilution 
Volume)/ 0.4} in weighed cauda

N = Total number of spermatozoa in four WBC 
counting squares

Total sperm count was expressed as number of 
spermatozoa per gram of cauda.

sperm morphology: 

Sperm morphology was determined 
from sample prepared as above (followed for 
Total sperm count). 100 μL of the sample was 
added in 500 μL of 10% neutral buffered formalin 
in micro centrifuge tube. After proper mixing, 
smear was prepared, in duplicates, on clean 
and grease free slides. Slides of each animal 
were identified with animal ID number followed 
by set A or set B. First set of slide (i.e. A) was 
stained for evaluation. Other set (i.e. B) was 
not used, as slide from set A was satisfactory. 
Slide was stained with 1% eosin for 30 minutes, 
air dried and observed under microscope 
(10-40X objective) on next day after mounting 
with DPX mountant and coverslip. At least 200 
spermatozoa was observed for morphology 
and any abnormality such as tailless sperm, 
headless sperm, no hook head sperm, neck 
abnormality, double head, double tail, coiled 
tail, bent tail were recorded. At the time of 
archival slides will be identified with study 
number and animal ID. Percentage of abnormal 
spermatozoa was determined as below:

Abnormal spermatozoa (%) = (Total 
no. of abnormal spermatozoa/Total sperm 
observed) X 100

sperm viability: 

Sperm viability was determined from 
sample prepared as above (Sperm Motility). 
About 2-5 minutes after cauda collection, 5 μL of 
the sample was taken on glass slide and mixed 
with 5 μL of normal saline and 5 μL of 0.5% 

Eosin (in normal saline) each by swirling action 
using micropipette tip. Slide was observed 
under microscope at 40X for counting viable 
and non-viable sperms. Viable sperms remain 
colourless while nonviable sperms remain 
red colour. Total 200 sperms (viable plus non-
viable) were counted. Viability was calculated 
as below.

Sperm Viability (%) = (Viable Sperm / Total 
Sperm) X 100

Male mating index, male fertility index, females 
mating index, female fertility index, implantation 
index, pre-implantation loss, post-implantation 
loss, fecundity index and live/dead conceptus 
were calculated. Formulas for calculations are 
as follows:

Male mating index (%) = (No. of males with 
confirmed mating/No. of males cohabitated) x 
100

Male fertility index (%) = (No. of males 
impregnating a female/No. of males cohabitated) 
x 100

Female Mating Index (%) = (No. of females 
mated/No. of cohabitated females) x 100

Female Fertility Index (%) = (No. of pregnant 
females/No. of females with cohabitated) x 100

Implantation Index (%) = (No. of implants/No. of 
corpora lutea) x 100

Pre − Implantation loss (%) = (No. of implants/
No. of corpora lutea – No. of implants/No. of 
corpora lutea) x 100 

Post − Implantation loss (%) = (No. of implants/
No. of implants – No. of viable fetuses/No. of 
implants) x 100

Fecundity Index (%) = (No. of pregnant females/
No. of females with confirmed mating) x 100

statistical analysis: 

One-way analysis of variance (p<0.05) 
and Dunnett’s test was done.

results and Discussion

Body Weight and Food consumption: 

Compared with controls (11.58% 
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gain at week 6), treatment related significant 
decrease in percent body weight changes 
was observed in G4 group males (1.46% 
gain at week 6) throughout the experimental 
period. Compared with control (22.1g/day/
animal at week 2 and 19.29g/day/animal 
at week 4), treatment related statistically 
significant decrease was observed in the feed 
consumption in Week 2 (16.68g/day/animal) 
and Week 4 (14.72g/day/animal) for G4 males, 
while females from G2 (10.4g/day/animal), 
G3 (10.63g/day/animal) and G4 (10.28g/day/
animal) groups showed treatment related 
significant decrease in feed consumption in 
Week 2 in comparisons to control (12.44g/day/
animal).

Necropsy and histopathology

Organ Weights: 

In G4 males, statistically significant 
decrease in absolute and relative weights were 
seen in epididymides and testes (Table 1). 

Macroscopic Observation: 

In G4 males, gross findings included 
small testes (11/12), epididymides (8/12), 
adrenals (4/12) and thymus (2/12) which 
correlated with decreased organ weights.  

Microscopic Observation: 

testes: Tubular degeneration/atrophy was 
present in the testes of all rats in G4 (12/12) 
and in most rats (7/12) rats from G3. The lesion 
was severe in G4 and minimal to slight in G3. 
No abnormalities were identified in the testes 
of G2. In G4 rats, most tubules had depletion 
of elongating spermatids, round spermatids 
and pachytene spermatocytes, leaving tubules 
lined by Sertoli cells, spermatogonia and 
prepachytene spermatocytes (Fig 1b). Partial 
germ cell depletion and actively degenerating 
(apoptotic) germ cells were observed in some 
tubules with disorganisation of the remaining 
germ cells. The affected tubules were reduced 
in diameter, resulting in expansion of the 

Fig 1a Control Group - 102 - 20x Normal 
Testis

Fig 1b High dose - 20x

Fig 2 - 20x Sertoli Cell Vacuolation and Partial 
Germ Cell Loss

Fig 3 Mid Dose - 30x Spermatid Retention

Fig 4a Control - 20x caput

Fig 4b Low Dose -20x Cell debris in caput
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interstitial space but there was no apparent 
increase in the number or size of Leydig cells. 
In G3, fewer testes were affected (7/12), and 
the severity of the changes was much less 
(predominantly minimal). Only a small proportion 
of tubules were affected, and the changes were 
characterised by focal Sertoli cell vacuolation, 
degeneration and depletion of elongating 
spermatids (Fig 2) and spermatid retention 
(Fig. 3). In one rat (graded slight severity) the 
germ cell degeneration and depletion affected 
spermatids and spermatocytes and was 
present in more tubules than the remainder of 
the group.

epididymides: In G4, most epididymides had 
severely reduced, or absent sperm content 
as well as the presence of cell debris, that 
had originated from the testes. In most cases, 
the ducts were atrophic due to the reduction/
absence of sperm. When sperm was present, 
it was located in the cauda epididymis, leaving 
the corpus and caput empty. The findings may 
be secondary to the tubular degeneration/
atrophy present in the testes of these animals. 
In G3, 10/12 epididymides contained cell 
debris (Fig 4b). All of the animals with testicular 
changes contained cell debris, reflecting 
minor sloughing of germ cells from affected 
seminiferous tubules, but there were also a 
few G3 rats that had minimal cell debris in the 

epididymides but had normal appearing testes. 
This is explained by the fact that epididymal cell 
debris is generally considered a more sensitive 
indicator of testicular germ cell sloughing than 
testicular histopathology. In G2, 5/12 rats had 
epididymal cell debris but had normal appearing 
testes.

Histopathological changes in the 
testes are consistent with the known effects of 
EGME on spermatogenesis. EGME is known to 
target the spermatocyte within 24 h of dosing 
(Foster et al., 1984, Chapin et al., 1985), but 
with continued dosing, progressive maturation 
depletion and/or degeneration of subsequent 
cell types (round and elongating spermatids) 
were observed.

As per earlier report, EGME causes 
its maximal effect on fertility parameters after at 
least 6 weeks of dosing (Anderson et al., 1987). 
Similarly, in current study, in male rats dosed 
only for 28 days before mating, the changes 
in fertility parameters were evident. Males  
necropsied after 42 days of dosing showed 
severe testicular toxicity and decreased sperm 
parameters in the high dose group and less 
severe changes down to the low dose group. 
The severity of the testicular toxicity in the 
high dose group reflects the effects of the 
long duration dosing, which resulted in an end 
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table 1: Major findings on male and female treated with EGME

 

 

Note: n=12, * : significantly different from control group (p<0.05)



stage lesion comprising depletion of most germ 
cells except prepachytene spermatocytes and 
spermatogonia, as well as severe depletion of 
epididymal sperm.

sperm evaluation and reproductive 
Performance/Parameters: 

Fertility index (%) in the EGME dosed 
groups declined compared to the vehicle control 
group (G1), and more time (days) was required 
for females to conceive. Statistically significant 
(p<0.05) decreases were observed in the 
number of corpora lutea and % implantation 
sites in G4 group females. Dose related, 
statistically significant (p<0.05) decreases were 
observed in total sperm count, viability and 
sperm motility in G3 and G4 males, while in G2 
males, a significant (p<0.05) decrease in sperm 
motility was observed. Sperm abnormality was 
seen more in EGME dosed groups as compare 
to the control males. The presence of sperm 
changes in EGME treated groups correlates 
with the histopathological abnormalities in the 
testes and epididymides.

In this study, the low dose was expected 
to be a NOEL, however, there was a slight 
diminution in total sperm count, sperm motility 
and sperm viability and an increase in abnormal 
sperm. Although not statistically significant, 
they correlated with a significant decrease in 
fertility index for this group and are considered 
to be related to EGME treatment. Histologically, 
there were no detectable changes in the testes 
although there was an increased incidence of 
minimal cell debris in the epididymis, indicating 
some germ cell sloughing from the testis.

In the mid dose group (40mg/kg/day), 
there were statistically significant (p<0.05) 
decreases in total sperm count, sperm 
motility and in the number of abnormal sperm. 
These abnormalities were consistent with 
microscopic evidence of germ cell depletion 
and degeneration in the testis, which mostly 
affected the spermatid population, as well as 
sloughed germ cells (luminal cell debris) in the 
epididymis. The decreased sperm parameters 
and histopathological changes correlated with 
a significantly decreased fertility index in this 
group. These effects in the high dose group 
(80mg/kg/day) were more marked than those 

seen in the mid dose group. All animals in the 
group showed severe tubular degeneration/
atrophy in the testes and reduced sperm 
with ductal atrophy in the epididymides. The 
findings correlated with marked decreases in 
total sperm count, sperm motility and viability 
and increased abnormal sperm. The fertility 
index in this group was only 25%. In addition, 
the time taken for females to conceive was 
increased.

In this study females and males were 
dosed and therefore the possibility exists that the 
affected fertility parameters (fertility index, time 
to conception, number of corpora lutea, number 
of live foetuses and number of implantation 
sites) could be the result of female mediated 
toxicity rather than male-mediated toxicity, or 
could be a mixture of both. However, based 
on the results of previous studies (Davis et al., 
1997, Dodo et al., 2009), female reproductive 
toxicity of EGME was only seen at doses ≥100 
mg/kg/day. In those studies, effects included 
suppression of cyclicity and hypertrophy of 
the corpora lutea. Contrastingly, in the current 
study, females were dosed at < 100 mg/kg/
day, so the changes in fertility parameters are 
considered to be male-mediated. The EGME-
related changes in fertility parameters included 
a dose-related decrease in the number of 
corpora lutea, live foetuses, and implantation 
sites. Most of the implantation loss might be due 
to preimplanation failure, which is consistent 
with the decreased numbers and motility of 
sperm. The small increase in post implantation 
loss was not dose related and is considered 
incidental. This is consistent with the study 
reported by Anderson et al., (1987).
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