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ABSTRACT

Methyl tertiary butyl ether (MTBE) is an oxygenated fuel additive which has been used wide-
ly in many parts of the world. This experiment was performed to determine the effect of
MTBE on offspring sex ratio, sex hormones and antioxidant enzymes. A total of 20 adult
Sprague-Dawley male rats were divided into four groups and received 0, 400, 800 and
1600 mg/kg/day MTBE by gavages for 30 consecutive days. At the end of the experiment,
blood samples were taken for determination of sex hormones and antioxidant enzymes. Then,
male rats were mated with healthy unexposed female rats and sex of offspring was determined
after birth. Sex ratio was 0.48, 0.50, 0.43 and 0.50 in 0, 400, 800 and 1600 mg/kg/day MTBE
groups, respectively (P =0.91). There was significant decreasing trend for luteinizing hor-
mone (LH) and testosterone in experimental groups (rs=-0.50, P =0.030 and rs=-0.67,
P =0.002, respectively). No changes were observed for superoxide dismutase. However, de-
crease in glutathione peroxidase (GPX) was observed in all treatment groups compared with
control which was significant in 400 mg/kg/day MTBE group (P = 0.016). The present study
showed that paternal exposure to oral MTBE has no effect on offspring sex ratio; while,
MTBE exposure could exert dose-dependent changes in serum testosterone and LH in treat-
ment groups. The results of the present study, need to be clarified in the future studies.

Keywords: Methyl tertiary butyl ether (MTBE), sex ratio, sex hormones, antioxidant en-
zymes

INTRODUCTION the oxygen content of gasoline and decreas-

Methyl tertiary butyl ether (MTBE) is an ing. cgrbon monoxide and cher hydrocarbon
oxygenated fuel additive which has been  ©MISSIONS (Stern and Kneiss, 1997). MTBE

used widely in many parts of the world, €an migrate faster and farther in the ground
MTBE reduces air pollution by increasing than other gasoline components. This makes
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it more likely to contaminate public water
systems and people could be exposed to
MTBE by drinking, swimming, or showering
in water contaminated with MTBE.

Based on several studies on carcinogen-
icity of MTBE in animals, it has been shown
that chronic exposure to MTBE is associated
with renal tubular cell tumors, hepatocellular
adenomas and Leydig cell tumors of the tes-
tes in rodents (Bird et al., 1997; Clegg et al.,
1997; Belpoggi et al., 1995). Therefore, it
has been listed as a potential human carcino-
gen (USEPA, 1998). Based on the results of
carcinogenicity studies in male and female
rats, it has been suggested that MTBE might
interfere with normal hormonal feedback
mechanisms (Williams et al., 2000).

In contrast to MTBE carcinogenicity,
there are a few recently published studies of
potential endocrine effects of MTBE, and
associated male hormonal effects have not
been addressed in detail. Furthermore, the
studies on male reproductive hormones had
inconsistent results. For example increase,
decrease and no changes in testosterone lev-
els have been reported in previous studies
(Day et al., 1998; Williams et al., 2000; Bil-
liti et al., 2005; Li et al., 2008; Bermudez et
al., 2012). On the other hand, one interesting
aspect of reproduction is the sex ratio of off-
spring at birth. Considering the growing
body of knowledge about the association of
offspring sex ratio with many factors includ-
ing environmental exposures (Rosenfeld and
Roberts, 2004; Mocarelli et al., 2000; James,
1996), there is no study concerning the ef-
fects of MTBE exposure in male on the off-
spring sex ratio at birth. It has been shown
that paternal exposure to gasoline (contain-
ing MTBE) in filling station workers was
associated with decrease in offspring sex ra-
tio (Ansari-Lari et al., 2004). Also, sex ratio
was skewed to female births in Sprague-
Dawley rats exposed to gasoline vapor for 6
hours for 30 consecutive days (Ansari-Lari
and Tanideh, 2009). However, to the best
knowledge of the authors, studies which
have addressed the association of MTBE ex-
posure with offspring sex ratio were con-

ducted either on female animals after con-
ception and during gestation (Conaway et al.,
1985; Bevan et al., 1997), or on both male
and female animals prior to mating with con-
tinuous exposure of females during pregnan-
cy (Biles et al., 1987).

Furthermore, there are very limited data
about the role of oxidative stress in repro-
ductive effect of MTBE (Li et al., 2007,
2008, 2009). It has been shown that MTBE
increased the production of reactive oxygen
species (ROS) and enhanced lipid peroxida-
tion in isolated rat spermatogenic cells (Li et
al., 2007), can exert reproductive system tox-
icity of male rats and disturb the secretions
of sex hormones possibly due to induction of
oxidative stress (Li et al., 2008) and also has
a direct toxic effect on cultured rat Sertoli
cells (Li et al., 2009).

Taken together, the objective of the pre-
sent study was to determine the effect of oral
administration of MTBE on offspring sex
ratio at birth, changes in sex hormones and
two antioxidant enzymes, superoxide dis-
mutase (SOD) and glutathione peroxidase in
adult male Sprague-Dawley rats.

MATERIALS AND METHODS

A total of 20 adult Sprague-Dawley male
rats weighing 223 +20 gr were purchased
from animal house of “Sepid Exir Azma”,
Shiraz, Iran. Animals were housed in stain-
less steel cages under standard animal house
conditions with a 12 hr light/dark cycle and a
temperature of 25+ 2°C, received standard
pellet food, and tap water was available ad
libitum. The experimental animals were ran-
domly divided into four equal experimental
groups after 10 days of acclimation period
which received 0, 400, 800 and 1600
mg/kg/day MTBE in almond oil by gavages
for 30 consecutive days. MTBE was pre-
pared from Oil Refinery, Shiraz, Iran with
98.8 % purity. The study was approved by
our institutional review board. Body weight
and group food consumption were measured
every week. At the end of the exposure peri-
od, male rats were anesthetized with ether
and blood samples were individually ob-
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tained from heart. For determination of sex
hormones, blood samples were collected in
2ml micro- centrifuge tubes and serum was
separated by centrifugation at 3000 rpm for
10 min and stored at -20 °C until use. For
measurement of antioxidant enzymes activi-
ties, blood samples were collected in EDTA
tubes. After blood sampling, animals in all
experimental groups were mated with 44
healthy unexposed female rats. There were
two females and one male rat in each cage
for mating; one male in each group was mat-
ed with three female. In 800 mg/kg/day
MTBE group, one animal was expired due to
inappropriate gavages. Therefore, in this
group three male were mated with three fe-
males each. Pregnant female rats were kept
under standard housing conditions until the
end of the pregnancy. Gender of offspring
was determined after birth.

Serum sex hormones

Serum sex hormones including total tes-
tosterone (DRG ELISA kit, Germany), lute-
inizing hormone (Cusabio ELISA kit, PRC)
and follicle-stimulating hormone (Cusabio
ELISA kit, PRC) were determined using en-
zyme linked immunosorbent assay kits ac-
cording to the manufacturer recommenda-
tions.

Antioxidant engyme activities

Antioxidant enzyme including super ox-
ide dismutase (SOD) and glutathione peroxi-
dase (GPX) activities were determined by
chemical methods using EDTA whole blood
samples via appropriate kits (SOD and GPX
kits, Biorexfars, Iran) as instructed by manu-
facturer.

Statistical analysis

Data were presented as mean, median
and standard deviation (SD). Sex hormones
and antioxidant enzymes activities as well as
litter size were compared between groups
using nonparametric analysis of variance
(Kruskal-Wallis tests) followed by Mann-
Whitney U tests; Spearman’s rho correlation
coefficient was used to determine their dose-

response relationship. Offspring sex ratio at
birth (expressed as male proportions) was
determined for individual male rats in each
group. After arc-sinus transformation, mean
of group sex ratio was compared using one-
way analysis of variance. Changes in body
weight and food consumption during the
study period were analyzed using repeated
measurements analysis of variance. Fertility
index was calculated in two ways: as number
of fertile male to all males and also as num-
ber of pregnant females to all mated females
in each group; statistical comparison be-
tween experimental groups was conducted
using Chi-square for trend analysis. Data
were analyzed using SPSS statistical soft-
ware (Version 16.0; SPSS, Inc., Chicago,
USA) and a P-value less than 0.05 was con-
sidered statistically significant in all anal-
yses.

RESULTS

Mean body weight was increased from
223+ 20 gr at the start of the study to
281 +£30 gr at the end of the experiment.
There was significant increasing linear trends
for body weight during the study period
(P <0.001) with no statistical difference be-
tween experimental groups (P = 0.40). Mean
group food consumption was 169 + 32 gr in
the first week and was increased to 349 + 28
in the last week of the study (P <0.001). No
adverse clinical observation was detected in
experimental animals.

Overall, 149 male and 155 female were
produced by experimental groups. No still-
birth or gross anomaly was detected in expe-
rimental groups. Summary statistics for re-
productive parameters are displayed in Table
1. No significant difference between groups
sex ratio (P=0.91) or number of pups at
birth (P =0.11) was detected (Table 1). Fer-
tility index based on pregnant females was
equal to 81.8 % for the first three experi-
mental groups and 54.5 % for 1600 mg/kg
MTBE group (P =0.22). When fertility in-
dex was calculated based on fertile males, it
was 100 % for the first three groups and 60 %
for 1600 mg/kg MTBE group (P = 0.058).
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Comparisons of sex hormones between
study groups are presented in Table 2. There
was no significant difference (P =0.33) be-
tween study groups for level of follicle-
stimulating hormone (FSH). Luteinizing
hormone (LH) was significantly lower in 800
mg/kg/day (P =0.032), and testosterone was
lower in 1600 mg/kg/day MTBE group com-
pared with control one (P =0.032). Spear-
man’s rho correlation coefficient for levels
of serum FSH, LH and testosterone with or-
dered dose groups were -0.43 (P =0.064), -
0.50 (P=0.030) and -0.67 (P=0.002), re-
spectively. These decreasing trends with in-
creasing dose (negative dose-response rela-
tionship) are clearly depicted in Figure 1

which shows the quartiles of data in each
experimental group.

Levels of antioxidant enzyme activities
in different experimental groups are shown
in Table 2. No changes were observed for
SOD in this study. However, decrease in glu-
tathione peroxidase (GPX) was observed in
all treatment groups compared with control
one which was significant in 400 mg/kg/day
MTBE group (P =0.016). Furthermore, a
tendency for significance (P =0.09) was de-
tected between 1600 mg/kg/day MTBE and
control group (Table 2). No dose-response
relationship was detected for antioxidant en-
zymes.

Table 1: Summary statistics for reproductive outcomes in MTBE-treated adult Sprague-Dawley male

rats
. MTBE (mg/kg/day)

Reproductive parameter 0 400 800 1600
Number of males mated 5 5 4 5
Number of fertile males 5 5 4 3
Fertility index, males (%)® 100 100 100 60
Number of females mated 11 11 11 11
Number of pregnant females 9 9 9 6
Fertility index, females (%)" 81.8 81.8 81.8 54.5
Number of alive litters 9 9 9 6
Mean number of pups at birth © (SD)° 10.3 (2.4) 8.9 (2.1) 8.1(1.5) 10.7 (2.1)
Number of female pups 47 39 42 27
Number of male pups 46 41 31 31
Mean of individual male sex ratio (SD) 0.48 (0.16) | 0.50 (0.20) | 0.43(0.24) | 0.50 (0.19)

2fertile males to mated males, ® pregnant females to mated females, © for pregnant females, ¢ Standard deviation

Table 2: Comparison of serum luteinizing hormone (LH, miU/ml), follicle stimulating hormone (FSH,
mlU/ml), testosterone (ng/ml), superoxide dismutase (SOD, U/gHb) and glutathione peroxidase (GPX,
U/gHb) in MTBE-treated (mg/kg/day) adult Sprague-Dawley male rats

MTBE (mg/kg/day)

0 400 800 1600
rarameter IE/ISel;:\)r; Median I\(/Iseg? Median I\(/IS‘?S;] Median l\(/lseg? Median
FSH ?3'?3(; 4.10 ?4?4(; 2.70 (23'%3) 1.80 (22'_335) 1.40
LH" ooy | 350 | G | 20 | go | s | 4T | oo
B it ow | 0% [ow | o | e | 43 |
SOD a% 5.55 ?1'_13(“; 6.22 ?3'?98) 7.21 (66.395) 6.22
GPX (12858) 117.77 (‘-}L%-%i* 50.40 ?387'_235) 84.05 (7302'20) 67.20

& Standard deviation

;Significam difference with control group (P < 0.05)
Significant dose-response relationship (P < 0.05)
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Figure 1: Box plots showing minimum, maximum and quartiles of serum luteinizing hormone (LH),
follicle stimulating hormone (FSH) and testosterone levels, in MTBE-treated adult Sprague-Dawley
male rats. Circles and asterisks show outliers and extreme values, respectively.

DISCUSSION

To the best knowledge of the authors,
there is the first report about the effect of
MTBE exposure of male rats on their off-
spring sex ratio. We found three studies
which has addressed the association of
MTBE exposure with offspring sex ratio. In
the first study, no treatment related change
was observed in fetal sex distribution when
mated CD Sprague-Dawley rats and CD-1
mice were exposed during the period of or-
ganogenesis to target concentrations of 0,
250, 1000, and 2500 ppm MTBE (Conaway
et al., 1985). In the second study again with
no effect on offspring sex ratio, both male
and female rats were exposed by inhalation
to 300, 1300 and 3400 ppm for 6 hours/day,
5 days/week before mating (12 weeks and 3
weeks, respectively) and then throughout
mating and gestation (Biles et al., 1987). The
third study reported that following exposure
of female pregnant mice in gestational day 6-
15 to various doses of MTBE by inhalation,
altered sex ratio as decreasing male fetuses
was observed (Bevan et al., 1997). Results of
the present study showed that exposure of
male rats to oral MTBE has no effect on
their offspring sex ratio at birth (Table 1).

Previous studies have shown that pater-
nal exposure to gasoline (containing MTBE)
in filling station workers was associated with
decrease in offspring sex ratio (Ansari-Lari
et al., 2004). Also, sex ratio was skewed to
female births in offspring of male Sprague-
Dawley rats exposed to gasoline vapor for 6
hours daily for 30 consecutive days (Ansari-
Lari and Tanideh, 2009). Based on the pre-
sent results, it seems that changes in sex ratio
may be attributed to some gasoline compo-
nents other than MTBE. However, further
studies are needed to clarify this finding.

Fertility was apparently lower in the
1600 mg/kg/day MTBE compared with other
experimental groups, but did not show sig-
nificant difference. It is suggested that high
dose of MTBE has the potential to negative-
ly affect the fertility in male Sprague-
Dawley rats and it was not significant due to
limited sample size. This finding need to be
investigated in studies concerning changes in
sperm quantity and quality in MTBE ex-
posed male rats.

The number of pups at birth seems to be
more related to female than male reproduc-
tive potential, to produce proper number of
growing follicles in each cycle. Due to using
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healthy unexposed female rats in this study,
the non-significant change in litter size is
expectable.

Studies on sex hormones including tes-
tosterone, LH and FSH in association with
MTBE exposure in rats are limited and
showed inconsistent results (Day et al., 1998;
Williams et al., 2000; Billiti et al., 2005; Li
et al., 2008; Bermudez et al., 2012). In the
present study, we did not observe significant
changes in FSH, but a significant lower LH
in 800 mg/kg/day MTBE compared with
control one was observed. Also, a significant
decrease in testosterone in 1600 mg/kg/day
MTBE group compared with control group
was detected which was in accordance with
decrease in fertility in the same treatment
group. In addition, we found significant
dose-related decreases for LH and testos-
terone, and tendency to significance for FSH
in the present study (Figure 1). Previous re-
searchers observed a decrease in serum LH
and testosterone at treatment level of 800
and 1500 mg oral MTBE/kg/day for 15 or 28
days (Day et al., 1998; Williams et al., 2000)
as well as decreasing level of LH and FSH in
rats exposed to gasoline inhalation for 30
days (Ansari-Lari and Tanideh, 2009), which
are consistent with our results. However, Li
et al (2008) reported that serum levels of LH
and FSH was increased significantly in male
rats when exposed to 800 and 1600
mg/kg/day oral MTBE for 15 days and level
of testosterone was significantly higher in a
group which received 800 mg/kg MTBE by
gavage for 28 when compared with the con-
trol group.

Control of sex hormones has a complex
mechanism. In theory, altered hepatic me-
tabolism of testosterone (Williams et al.,
2000), direct effect of MTBE on hypotha-
lamic-pituitary-gonadal axis (de Peyster et
al., 2003), or its direct effect on testosterone
secreting cells in testis may be responsible
for endocrine changes observed in MTBE
exposed groups. But the other possible
mechanism may be the role of genetic factors
in the host response to toxic environmental
exposures. Such a mechanism was suggested

in a previous study who indicated that de-
crease in testosterone level in male gasoline
filling station workers was most pronounced
in the group with the glutathione S-
transferase T1 (GSTTI) null genotype com-
pared with the group possessing the GSTT1
genotype (Saadat and Monzavi, 2008).
Therefore, the observed alterations in sex
hormones following MTBE exposure merit
further evaluation via investigating the ge-
netic background of the host in future re-
search.

In our present experiment, decrease in
glutathione peroxidase (GPX) was observed
in all treatment groups compared with con-
trol which was significant in 400 and near to
significant in 1600 mg/kg/day MTBE groups
(Table 2). No alteration in SOD and no dose-
response relationship were detected in the
present work. Increased maleic dialdehyde
and total antioxidant ability as well as in-
creased mRNA level of the extracellular
form of SOD has been reported by Li et al
(2008). They have suggested that high doses
of MTBE (1600 mg/kg/day) could induce
oxidative stress and may be responsible for
reproductive toxicity and disturbance in
hormonal secretions in male rats (Li et al.,
2008). No similar study for measuring blood
SOD and GPX activities was found in the
literature for comparison. However, decreas-
ing GPX in MTBE treatment groups indicate
the exposure of animal to oxidative stress,
which may lead to oxidative damage in ex-
posed groups.

In conclusion, the present study showed
that paternal exposure to various doses of
oral MTBE for 30 days is not associated with
offspring sex ratio at birth but has the poten-
tial to negatively affect the fertility in male
Sprague-Dawley rats. MTBE exposure could
exert negative effect on serum testosterone,
LH and GPX activity in treatment groups. A
dose-related decreasing pattern was observed
for the effect of MTBE exposure on sex
hormones, whereas the observed effect on
GPX did not show dose-dependent trend.
The results of the present study, need to be
clarified in the future studies may be in con-
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junction with investigating the genetic back-
ground of the host.

ACKNOWLEDGMENT

This study was supported by Shiraz Uni-
versity.

CONFLICT OF INTEREST

Authors declared that there is no conflict
of interest.

REFERENCES

Ansari-Lari M, Tanideh N. Changes in sex hormones
and offspring sex ratio following gasoline exposure in
male rats. Comp Clin Path. 2009;18:43-5.

Ansari-Lari M, Saadat M, Hadi N. Influence of GST/
null genotype on the offspring sex ratio of gasoline
filling station workers. J Epidemiol Commun Health.
2004;58:393-4.

Belpoggi F, Soffritti M, Maltoni C. Methyl-tert butyl
ether (MTBE) a gasoline additive—causes testicular
and lymphohaematopoietic cancers in rats. Toxicol
Ind Health. 1995;11:119-49.

Bermudez E, Willson G, Parkinson H, Dodd D. Tox-
icity of methyl tertiary-butyl ether (MTBE) following
exposure to Wistar rats for 13 weeks or one year 1720
via drinking water. J Appl Toxicol. 2012;32:687-706.

Bevan C, Tyl RW, Neeper-Bradley TL, Fisher LC,
Panson R, Douglas JF, et al. Developmental toxicity
evaluation of methyl tertiary-butyl ether (MTBE) by
inhalation in mice and rabbits. J Appl Toxicol.
1997;17:S21-9.

Biles RW, Schroeder RE, Holdsworth CE. Methyl
tertiary butyl ether inhalation in rats: a single genera-
tion reproduction study. Toxicol Ind Health. 1987;3:
519-34.

Billiti JE, Faulkner BC, Wilson BW. Absence of
acute testicular toxicity of methyl-tert butyl ether and
breakdown products in mice. Bull Environ Contam
Toxicol. 2005;75:228-35.

Bird MG, Burleigh-Flayer HD, Chun JS, Douglas JF,
Kneiss JJ, Andrews LS. Oncogenicity studies of in-
haled methyl tertiarybutyl ether (MTBE) in CD-1
mice and F-344 rats. J Appl Toxicol. 1997;1
(Suppl):S45-S55.

Clegg ED, Cook JC, Chapin RE, Foster PM, Duston
GP. Leydig cells hyperplasia and adenoma formation:
mechanisms and relevance to human. Reprod Toxicol.
1997;11:107-21.

Conaway CC, Schroeder RE, Snyder NKJ. Teratology
evaluation of methyl tertiary butyl ether in rats and
mice. J Toxicol Environ Health. 1985;16:797-809.

Day KJ, de Peyster A, Allgaier BS, Luong A, Mac-
Gregor JA. Methyl t-butyl ether (MTBE) effects on
the male rat reproductive endocrine axis. Toxicolo-
gist. 1998;42(1S):174.

de Peyster A, MacLean KJ, Stephens BA, Ahern LD,
Westover CM, Rozenshteyn D. Subchronic studies in
Sprague-Dawley rats to investigate mechanisms of
MTBE-induced Leydig cell cancer. Toxicol Sci.
2003;72:31-42.

James WH. Male reproductive hazards and occupa-
tion. Lancet 1996;347:773.

Li D, Yin, Han X. Methyl tert-butyl ether (MTBE)-
induced cytotoxicity and oxidative stress in isolated
rat spermatogenic cells. J Appl Toxicol. 2007;27:10-
7.

Li D, Yuan C, Gong Y, Huang Y, Han X. The effect
of methyl tert-butyl ether (MTBE) on the male rat
reproductive system. Food Chem Toxicol. 2008;46:
2402-8.

Li D, Liu Q, Gong Y, Huang Y, Han X. Cytotoxicity
and oxidative stress study in cultured rat Sertoli cells
with methyl tert-butyl ether (MTBE) exposure. Re-
prod Toxicol. 2009;27:170-6.

Mocarelli P, Gerthoux PM, Ferrari E, Patterson DJ Jr,
Kieszak SM, Brambilla P, et al. Paternal concentra-
tion of dioxin and sex ratio of offspring. Lancet.
2000;355:1858-63.

Rosenfeld CS, Roberts RM. Maternal diet and other
factors affecting offspring sex ratio: a review. Biol
Reprod. 2004;71:1063-70.

Saadat M, Monzavi N. Genetic polymorphisms of
glutathione S-transferase T1 (GSTT!) and alterations
of sex hormones in filling-station workers. Fertil
Steril. 2008;89:1777-80.

Stern BR, Kneiss JJ. Methyl tertiary-butyl ether
(MTBE): use as an oxygenate in fuels. J Appl Toxi-
col. 1997;17:S1-2.

USEPA. MTBE Fact Sheet #1: Overview. EPA 510-
F-97-014, US. EPA. Washington, DC: Office of Solid
Waste and Emergency Response, 1998.

81


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Conaway%20CC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schroeder%20RE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Snyder%20NK%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Toxicol%20Environ%20Health.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Saadat%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17880951
http://www.ncbi.nlm.nih.gov/pubmed?term=Monzavi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17880951
http://www.ncbi.nlm.nih.gov/pubmed?term=Stern%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=9179721
http://www.ncbi.nlm.nih.gov/pubmed?term=Kneiss%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=9179721

EXCLI Journal 2015;14:75-82 — ISSN 1611-2156

Received: September 12, 2014, accepted: October 28, 2014, published: January 13, 2015

Williams TM, Cattley RC, Borghoff SJ. Alterations in
endocrine responses in male Sprague—Dawley rats
following oral admini-stration of methyl tert-butyl
ether. Toxicol Sci. 2000;54:168-76.

82



