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Abstract

Endocrine disrupting chemicals (EDCs) in the environment are considered to be a contributing
factor to the decline in the sperm quality. With growing evidence of the harmful effects of EDCs
on the male reproductive system, we tested the hypothesis that prenatal exposure to an
environmentally relevant phthalate mixture adversely affects reproductive outcomes and androgen
synthesis. In this study, an environmentally relevant composition of phthalates (15% DiNP, 21%
DEHP, 36% DEP, 15% DBP, 8% DiBP, and 5% BBzP) that were detected in urine samples of
pregnant women in Illinois, United States, was used. Pregnant CD-1 mice (FO) were orally dosed
with a vehicle or the phthalate mixtures (20 pg/kg/day, 200 ug/kg/day, 200 mg/kg/day, or 500
mg/kg/day) from gestational day 10.5 to the day of birth. Then, the indices of the reproductive
function of the F1 males born to these dams were assessed. Those male mice prenatally exposed to
the phthalate mixture had smaller gonads, prostates and seminal vesicles, especially in the 20
pg/kg/day and 500 mg/kg/day phthalate mixture groups, compared to the controls. Importantly, at
the age of 12 months, those prenatally exposed mice had significantly lower serum testosterone
concentrations accompanied by the decreased mMRNA expression of testicular steroidogenic genes
(StAR, Cyp11, and Cyp17) and impaired spermatogenesis. Taken together, this study found that
prenatal exposure to environmentally relevant doses of a phthalate mixture caused a life-long
impact on the reproduction in male mice.
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Introduction

Infertility is a growing concern with a 44% decrease in sperm counts between 1960 and
2002 in the United States (Hamilton and Ventura, 2006). Recent studies indicate that
endocrine disrupting chemicals (EDCs) in the consumer products may contribute to the
decline of sperm counts (Knez, 2013) due to their antiandrogenic activity (Swan et al., 2005;
Main et al., 2006).

Phthalates are environmental toxicants that are widely used in plastics, toys, cosmetics, food
containers, and other consumer products (Dai et al., 2015). Their ubiquitous presence allows
humans to be exposed to phthalates through various routes such as dermal contact, oral
ingestion, and inhalation (Kavlock et al., 2006). The most commonly used phthalates are
di(2-ethylhexyl) phthalate (DEHP), di-n-butyl phthalate (DBP), diethyl phthalate (DEP),
diisobutyl phthalate (DiBP), butyl benzyl phthalate (BBzP), diisononyl phthalate (DiNP),
and diisodecyl phthalate (DiDP) (Johansson et al., 2016). Phthalates as DEHP, DEP, DBP,
BBzP, and DiBP have been detected in urine samples taken from pregnant mothers (Silva et
al., 2004).. Importantly, phthalates are detected in human amniotic fluids, suggesting that a
developing fetus may be exposed to phthalates in utero (Silva et al., 2004). When rodents
were prenatally exposed to DBP or BBzP, they developed phthalate syndrome which is
characterized by testicular dysgenesis and low testosterone production accompanied by de-
masculinization (Foster, 2006). Indeed, we showed that prenatal exposure to DEHP induces
premature reproductive senescence in male mice, exhibiting reproductive senescence at a
much earlier age than controls (Barakat et al., 2017).

While the mechanism of anti-androgenic action of phthalates is not fully discovered, recent
studies have shown that DBP gives its anti-androgenic effects by suppressing the production
of testosterone via altering the expression of key steroidogenic genes in the testis (Barlow
and Foster, 2003; Shultz et al., 2001). Androgens that are synthesized in the Leydig cells of
testes are important for male fertility, spermatogenesis, and the development of the male
reproductive organs (Wang et al., 2009). The effect of prenatal exposure to phthalates not
only cause reproductive abnormalities in its own generation, but the impact is transmitted to
next generations via epigenetic modification (Doyle et al., 2013).

In females, prenatal exposure to a physiologically relevant level of mixture of phthalates
such as DEHP, DBP, DEP, and BBzP was shown to induces uterine malformation, disrupt
estrus cyclicity, and ultimately impact fertility (Zhou et al., 2017; Johansson et al., 2016).
However, no studies yet have assessed the effects of the exposure to phthalate mixture on the
male reproductive system (Barakat et al., 2017; Barlow and Foster, 2003; Foster, 2006;
Shultz et al., 2001; Swan et al., 2005). Humans are constantly exposed to a mixture of many
phthalates. Therefore, investigation using an environmentally relevant mixture of phthalates
is necessary. In this study, we formulated a phthalate mixture based on the amounts of
phthalates measured in urine samples of pregnant women and used it to test the hypothesis
that prenatal exposure to a phthalate mixture adversely affects reproductive outcomes and
androgen synthesis in the male mice.
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2. Materials & Methods

2.1. Chemicals

Phthalates (>98% purity) were purchased from Sigma-Aldrich (St. Louis, MO). The
phthalate mixture was made of 15% DiNP, 21% DEHP, 36% DEP, 15% DBP, 8% DiBP, and
5% BBzP. The percentages were in proportion to the levels of phthalate metabolites
measured in urine samples of pregnant women (Yazdy et al., 2018). These doses of
individual phthalates are relatively lower than those used for rodent study in literature and
align within the range of the estimated daily intakes of humans (Heudorf et al., 2007).

2.2. Animal dosing and regimen

CD-1 male and female mice were purchased from Jackson Laboratory (Bar Harbor, ME).
The mice were housed in the animal care facility at the University of Illinois at Urbana-
Champaign under 12-hour light/dark cycles and allowed to acclimate to the facility for at
least two weeks before use. The female dams were mated with male breeders at two months
of age. Successful mating was confirmed by the presence of a vaginal sperm plug. The
pregnant female mice were dosed with 20 pg/kg/day, 200 pg/kg/day, 200 mg/kg/day, or 500
mg/kg/day of the phthalate mixture in tocopherol-stripped corn oil (MP Bio Medicals, OH)
from gestational day 10.5 to the day of birth. Doses of the phthalate mixture were chosen to
cover a wide environmentally relevant range and to include some of the doses of individual
phthalates that were shown to adversely affect reproductive health (Manikkam et al., 2013;
Rattan et al., 2017; Zhou et al., 2017). The exposure window was chosen because it is a
critical period for gonadal development in the mouse. The mice were dosed orally using a
pipet tip into the mouth. All procedures involving animal care, euthanasia, and tissue
collection were approved by the Institutional Animal Care and Use Committee (IACUC) at
the University of Illinois at Urbana-Champaign.

2.3. Measurement of body weight, gonadal weight, and anogenital distance

Body weight and gonadal weight of the male offspring were measured during the entire
experimental period at postnatal day (PND) 21, 60, and at 12 months of age. Weights of
liver, prostate and seminal vesicle were measured at 12 months of age. Anogenital distance
(AGD) was determined at PND 21, and 2 and 12 months of ages by measuring the distance
from the urethral opening to the cranial opening of the anus using a caliper.

2.4. Measurement of serum testosterone

Peripheral blood was collected at 2 and 12 months of age by cardiac puncture. The blood
was centrifuged at 2000 xg, and then serum was collected and stored at —20° C until further
analyses. The concentrations of serum testosterone were measured by using ELISA Kits
(DRG Diagnostic, Springfield, NJ) with a reportable range of 0.06-25 ng/ml.

2.5. Fertility test

Each male mouse was housed with a proven breeder female for two weeks. The fertility rate
(number of male that produce litter/total number of males x 100), litter size (number of pups
per litter), and sex ratio (numbers of female/numbers of male pups) were recorded.
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2.6. Semen analysis

Male mice were euthanized by CO, asphyxiation followed by cervical dislocation. The
cauda of the epididymis was excised at 12 months of age and minced with fine scissors in a
warm phosphate buffered saline. The sperm suspension was incubated at 37°C for 10
minutes to allow spermatozoa to swim out of the minced epididymis. Sperm maotility was
then analyzed by a computer-assisted sperm analyzer (CASA; Sperm Vision Il, Minitube of
America, Vernon, WI) by examining 10 microscopic fields. Sperm motility was measured by
the percentage of progressive motile sperms, percent of local motile sperms, and percentage
of immotile sperms. For total sperm counts, two aliquots of semen samples were collected
from each mouse and diluted 1:200 in formalin for immobilization. Sperm concentration
was measured using a hemocytometer, and the average number of sperms was reported as
million sperms/ml.

2.7. Tissue collection and testicular histopathology

The testis and epididymis were collected at 12 months of age, then fixed in Bouin’s solution
(Ricca chemical Co., Arlington, TX) for 24 hours and then transferred to 70% ethanol. The
tissues were embedded in paraffin, sectioned at 7 um thickness, stained with hematoxylin
and eosin, and examined using light microscopy (Olympus BX 51, Tokyo, Japan).

2.8. Steroidogenic gene expression analysis

Testes were collected at 12 months of age and snap frozen for quantitative real-time
polymerase chain reaction (QPCR) analysis. Total RNA was extracted using TrizolVR
solution (Ambion, Carlsbad, CA) and then purified with a RNeasy Kit (Qiagen, Valencia,
CA). Concentration and quality of total RNA was analyzed using a Nanodrop (Thermo
Scientific, Waltham, MA) and stored at —80°C until use. Complementary DNA was
generated by M-MLV Reverse Transcriptase (Thermo Scientific). The mRNA expression
levels of steroidogenic acute regulatory protein (Star), cytochrome P450 cholesterol side-
chain cleavage (Cypl1al), 3p-hydroxysteroid dehydrogenase 1 (Hsa361), 17p-
hydroxysteroid dehydrogenase 1 (Hsd17b1), and cytochrome P450 aromatase (CypI7al)
were measured by real-time PCR. The primers are listed in Table 1. Ribosomal protein L19
(RPL19)was used as the internal control and data from each gene was normalized to the
corresponding value of L179to calculate relative fold changes, which were used for statistical
analysis.

2.9. Statistical Analysis

The data was analyzed using the statistical software package SPSS. The comparison was
between control and treated groups and the same age point, and the statistical sampling unit
was litter. Multiple comparisons between normally distributed continuous experimental
groups were analyzed by the one-way analysis of variance (ANOVA) as a parametric test
followed by the Dunnett (two-sided) post hoc test. Multiple comparisons between non-
normally distributed experimental groups were analyzed by Kruskal-Wallis as a
nonparametric test. Fertility data was compared using Fisher’s exact test for each treatment
group against the control group. The numbers of animals used for statistical analyses were

Environ Res. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Barakat et al.

Page 5

6-8 mice. The data is expressed as mean £ SEM. Statistical significance was assigned as P <
0.05 and marked as (*), whereas statistical tendency was set as £< 0.09 and marked as (").

3. Results and Discussion

Previous studies showed the impacts of prenatal exposure to different phthalates on the male
reproductive system (Barakat et al., 2017; Barlow and Foster, 2003; Foster, 2006; Shultz et
al., 2001; Swan et al., 2005). In this study, we tested the hypothesis that prenatal exposure to
an environmentally relevant mixture of phthalates adversely affects male reproduction.
Pregnant female mice were dosed with 20 pg/kg/day, 200 pg/kg/day, 200 mg/kg/day, or 500
mg/kg/day of the six-phthalate mixture (15% DiNP, 21% DEHP, 36% DEP, 15% DBP, 8%
DiBP, and 5% BBzP) from gestational day 10.5 to the day of birth. These doses of each
individual phthalates are relatively low as reported in the rodent literature and align within
the range of the estimated daily intakes of humans (Heudorf et al., 2007). The reproductive
indices of the F1 males born to these dams were assessed by the age of 12 months.

3.1. Effects of prenatal exposure to phthalate mixture on body weights and anogenital

distance

Body weights were measured to assess a potential impact on their general health and the
anogenital distance (AGD) as a proxy of prenatal androgen synthesis (Eisenberg &
Lipshultz, 2015). Mice prenatally exposed to phthalate mixture did not exhibit a difference
in their body or liver weights compared to control group when measured at PND 21 and 60
(Table 2). At 12 months of age, however, all the phthalate mixture group showed a trend of
gaining body weights, 200 pg/kg/day dose group being most impacted (P=0.04) (Table 2).
Previous studies have reported similar impacts of a single phthalate exposure as DEHP on
body weight (Hao et al. 2013; Kavlock et al., 2006). Interestingly, no observable difference
of AGD among the groups. These results differ from previous studies that assessed the
impact by the exposure to individual phthalate such as BBzP, DBP, or DEHP, in which
neonatal exposure to each individual phthalate shortened the AGD (Barakat et al., 2018;
Chen et al., 2015; Gray et al., 2000; Swan et al., 2005). The reason for differences between
our current mixture study versus previous studies using single phthalates is not currently
known. It is likely due to the difference in the doses of individual phthalates and/or dosing
periods between this and previous studies (Chen et al., 2015; Gray et al., 2000).

3.2. Prenatal exposure to phthalate mixture decreases prostate, seminal vesicle, and
gonadal weights

To determine the effect of prenatal exposure to phthalate mixture on gonadal development,
the gonadal weights were measured at PND 21 and 60, and 12 months of ages (Figure 1A).
Prenatal exposure to phthalate mixture did not affect gonadal weights when measured at
PND 21 and 60. However, at 12 months of age, the gonadal weight of the 20 pg/kg/day dose
group was significantly decreased than those of controls (P=0.03). At the same age, prostate
and seminal vesicles of 20 ug/kg/day and 500 mg/kg/day dose groups were lighter than
those of the control (P=0.04 and P=0.03, respectively) (Figure 1B). These results are
consistent with previous studies that showed an exposure to individual phthalates, such as
DEHP, DBP, or BBzP, altered gonadal weights (Do et al., 2012; Zhou et al., 2010; Barakat et
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al., 2017; Gray et al., 2001; Swan et al., 2005). In agreement with the previous report that in
utero and lactational exposure to 750 mg/kg DEHP was reported to negatively affect the
weight of prostate and seminal vesicles (Moore et al., 2001). The weight decrease of the
gonads, seminal vesicle and the prostate is an indicator of low testosterone production or
activity (Wang et al., 2009). Indeed, we found that the prenatally exposed mice had
significantly lower serum testosterone levels and lower steroidogenic gene expression in
their gonads than those of controls.

3.3. Prenatal exposure to phthalate mixture impacts litter size and sex ratio

To determine the effects of prenatal exposure to a phthalate mixture on fertility, 4-month old
male mice were mated with proven females. Rate of fertile males, their litter size, and the
sex ratio of their offspring were measured (Figure 2). There were no significant differences
between the control and treatment groups in fertility rate (Figure 2A). Litter size was
recorded to assess fecundity and the 20 pg/kg/day phthalate mixture group showed a
decrease in litter size (P= 0.06) compared to control (Figure 2B). Female to male ratio of the
litter size was also recorded to determine if the phthalate mixture influenced sex ratios in the
litter (Figure 2C). The 20 pg/kg/day phthalate mixture group showed an increase in female
to male ratio when compared to the control group (A= 0.07). Taken together, these results
revealed that prenatal phthalate mixture exposure did not exhibit a major reproductive
disability by the age of 12 months. However, the possibility that their reproductive
dysfunction would be manifested later in their life should not be excluded as we previously
observed that male mice that were prenatally exposed to DEHP showed a severe
reproductive dysfunction only after they reached the age of 15 months (Barakat et al., 2017).
The fertility impact seen at 20 pg/kg/day dose group is consistent with previous studies that
reported the non-monotonic dose-response effects of phthalates exposure (Barakat et al.,
2017; Dai et al., 2015; Do et al., 2012).

3.4. Prenatal exposure to phthalate mixture decreases serum testosterone in adults

At PND 60, serum testosterone levels of the prenatally phthalate mixture exposed mice were
not different from controls (Figure 3A). However, when measured at the age of 12 months,
the 20 pg/kg/day and 500 mg/kg/day phthalate mixture groups had significantly lower serum
testosterone levels (P=0.02 and P=0.01, respectively) compared to the control (Figure 3B).
This results are consistent with the previous study that showed prenatal exposure to DEHP
or DBP lead to premature decline on testosterone level and reproductive health on male mice
(Barakat et al., 2017; Gray et al., 2001; Shultz et al., 2001) and the smaller testicular,
seminal vesicle and prostate sizes of the prenatally exposed mice observed in this study
(Figure 1). The observed no impact on the testosterone levels when measured at PND 60, but
the significantly lower testosterone levels at the age of 12 months may indicate that the
prenatal exposure to phthalate may alter the development of progenitor cells of adult Leydig
cells but not fetal Leydig cells (Martinez-Arguelles & Papadopoulos, 2015). In the testis,
adult Leydig cell population arises from peritubular progenitor cells at puberty and
maintains testosterone synthesis throughout life (Griswold and Behringer, 2009). Because
male mice used in this study were not directly exposed to phthalates mixture at the advent of
puberty but during fetal development, our results indicate that prenatal exposure might
impact progenitor cells of adult Leydig cells.
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3.5. Prenatal exposure to phthalate mixture disrupts testicular steroidogenesis

The lower testosterone level in the serum prompted us to determine if the testosterone
synthesis pathway was affected by the prenatal exposure to the phthalate mixture. As serum
testosterone levels are predominantly regulated by testicular testosterone synthesis (Wang et
al., 2009) (Figure 4A), the mMRNA expression levels of genes that are involved in
testosterone synthesis were measured by gPCR. Prenatal exposure to phthalate mixture
tended to decrease the expression of SEAR mMRNA, the 20 pg/kg/day group being most
impacted (P=0.01) compared to control group (Figure 4B). The StAR is responsible for
cholesterol transport into the inner mitochondria (Figure 4A) and catalyzes a rate-limiting
step in testosterone synthesis in the testis (Clewell et al., 2010). Its down-regulation is
associated with reduced cholesterol uptake, leading to decreased testosterone synthesis
(Rone et al., 2009). The 20 ug/kg/day phthalate mixture group had a significantly lower
Cyplial mRNA expression than controls (P=0.04). Cyp11alis critical in converting
cholesterol to pregnenolone, which is then converted to progesterone by Hsd3b1 (Sekaran
and Jagadeesan, 2015). A previous study showed that prenatal exposure to 100 mg/kg DEHP
down-regulated Cyplial mRNA expression (Sekaran and Jagadeesan, 2015). The mRNA
expression Hsd3b1 and Hsd17b1 was not altered in the prenatally exposed mice. Lastly, the
expression of Cypl7al gene was significantly down-regulated in the 500 mg/kg/day
phthalate mixture group (Figure 4B). Previous findings showed that prenatal exposure to 500
mg/kg/day DBP significantly decreased the expression of Cyplial, StAR, and Cypl7al
(Shultz et al., 2001) and that prenatal exposure to 250 mg/kg/day DEHP significantly
decreased the expression of Cypl7aland Hsd3b1 (Ungewitter et al., 2017). Taken together,
these results suggest that the low serum testosterone levels seen in the phthalate mixture
exposure group may be primarily due to adversely affected testicular steroidogenesis.

3.6. Prenatal exposure of phthalate mixture leads to histopathological abnormalities in
testes and epididymis

To determine if prenatal exposure to the phthalate mixture affected gonadal function, testes
and epididymis were collected at 12 months of age and microscopically examined.
Testicular samples were cross-sectioned and stained with hematoxylin and eosin. The
control mice exhibited active spermatogenesis in the seminiferous tubules (Figure 5A) and
had densely populated sperms in the epididymis (Figure 6A). However, the testes of
phthalate mixture mice showed hypospermatogenesis, degenerative changes in the
seminiferous tubules, germ cell degeneration, fewer developing spermatids, and abnormal
residual bodies in the lumen of seminiferous tubules (Figure 5B-E). Furthermore, the
abnormal residual bodies were found in the lumen of seminiferous tubules, which is an
indication of testosterone depletion and failure of spermiation (Saito et al., 2000). The
epididymis of the phthalate mixture groups had a cribriform appearance of vacuoles in the
epithelial lining and sloughed germ cells the in the lumen (Figure 6B—E). Quantitative
histological analysis found that the 20 ug/kg/day and 500 mg/kg/day phthalate mixture
groups had the higher percentage of the pathological abnormalities exhibiting as
hypospermatogenesis, sloughed germ cell, and epididymal vacuoles (Table 3). These results
are consistent with the reduced sperm quality and testosterone concentration seen in these
two groups (Figure 3B, 7A). Our results are similar to previous individual phthalates studies
showed that prenatal exposure to DEHP at 500 mg/kg/day induced testicular germ cell
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disorganization and impaired spermatogenesis (Doyle et al., 2013). Prenatal DBP exposure
at doses of 50, 100 and 500 mg/kg lead to degeneration of seminiferous tubules, focal
interstitial cell hyperplasia and adenoma at 500 mg/kg, but not at 100 mg/kg (Mylchreest et
al., 2000). Testosterone is an essential hormone for spermatogenesis and for the maintenance
of the blood-testis barrier, meiosis of germ cells, Sertoli cell-spermatid adhesion, and sperm
release (Smith and Walker, 2014). Therefore, pathological abnormalities, including
hypospermatogenesis and sloughed germ cells caused by exposure to phthalate mixture are
considered to be a direct effect of reduced testosterone synthesis in the Leydig cells.

3.7. Prenatal exposure of phthalate mixture adversely impacts sperm quantity and quality

To determine if sperm quality was affected by prenatal exposure to the phthalate mixture,
sperm concentration and sperm motility were accessed by CASA at 12 months of age.
Sperm concentration was significantly lower in the 20 pg/kg/day phthalate mixture group
(P=0.05) compared to the control, whereas the other treatment groups showed no significant
difference (Figure 7A). Because spermatogenesis is testosterone-dependent process (Smith
and Walker, 2014), the decreased sperm counts in the prenatally exposed mice were
expected. Interestingly, phthalate mixture treated groups exhibited a reduction in the
percentage of motile sperms with significantly lower percentages in the 20 pg/kg/day and
500 mg/kg/day phthalate mixture groups (P=0.02 and P=0.03, respectively) compared to the
control (Figure 7B). The progressive motile sperms percentage was significantly decreased
in the 20 pg/kg/day, 200 pg/kg/day, and 500 mg/kg/day phthalate mixture groups (P=0.03,
P=0.06, and P=0.04, respectively) (Figure 7C), and increased numbers of immotile sperms
were seen in the 20 pg/kg/day, 200 ug/kg/day, and 500 mg/kg/day exposure groups (P=0.01,
P=0.06, and P=0.02, respectively) compared to the control (Figure 7C). Sperm motility is
influenced by various factors such as spermatogenesis itself, epididymal secretion and
contents of seminal plasma (Pereira et al., 2017). Since the development and function of
these reproductive organs are regulated by testosterone (Griswold and Behringer, 2009), it is
likely that decreased testosterone by the phthalate exposure may be in part responsible for
the altered sperm motility.

Our findings are consistent with previous reports of decreased epididymal sperm
concentration following single exposures of DEHP, BBP, and DINP. Previous studies have
shown that individual phthalate exposures, such as DEHP (500 mg/kg/day) or DBP (2000
mg/kg.bw), lead to reduction of sperm concentration and motility, and increase the
incidences of urogenital malformations (Dobrzynska et al., 2011; Doyle et al., 2013; Gray et
al., 2000; Wang et al., 2004; Gray et al., 2000; Moore et al., 2001).

Conclusion

Taken together, these results show that prenatal exposure to a mixture of phthalates that are
comparable to human exposure levels disrupts testicular steroidogenesis, sperm quality, and
fertility in the adulthood male mice. Importantly, this study found that among the doses
tested in this study, the lowest dose group (20pug/kg/day) gave the severst impact on the
reproduction of the tested animals, displaying a non-monotonic dose response, against the
general norm that a lower dose of a toxicant would be safer than a higher dose. Overall, this
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study found that prenatal exposure to environmentally relevant doses of a phthalate mixture
caused a life-long impact on the reproduction in male mice.
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Highlights:

Prenatal exposure to phthalate mixture adversely affects androgen synthesis
accompanied by the decreased mRNA expression of testicular steroidogenic
genes (StAR, Cypll, and Cypl7).

Prenatally exposed mice had significantly lower sperm concentration and
impaired spermatogenesis.

Prenatal exposure to environmentally relevant doses of a phthalate mixture
caused a life-long impact on the reproduction in male mice.
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Figure 1.
Effects prenatal exposure to phthalate mixture on the weights of gonads, prostate and
seminal vesicles.
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Effects of prenatal exposure to phthalate mixture on fertility outcomes at 4 months of age.
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Effects of prenatal exposure to phthalate mixture on serum testosterone levels.
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Figure 5.
Prenatal exposure to phthalate mixture effects on the testis.
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Figure 6.
Prenatal exposure to phthalate mixture effects on the epididymis.
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Figure 7.
Prenatal exposure to phthalate mixture effects on epididymal sperm quality.
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Table 1.
Primer sequences used for RT-PCR.

Target gene Forward primer (5’-3’) Reverse primer (5’-3’) Fragment size (bp)
Star CAGGGAGAGGTGGCTATGCA CCGTGTCTTTTCCAATCCTCTG 262 bp

Cypllal AGATCCCTTCCCCTGGTGACAATG CGCATGAGAAGAGTATCGACGCATC 192 bp

Hsd3bl CAGGAGAAAGAACTGCAGGAGGTC GCACACTTGCTTGAACACAGGC 280 bp

Hsd17bl ACTGTGCCAGCAAGTTTGCG AAGCGGTTCGTGGAGAAGTAG 310 bp

Cypl7al CCAGGACCCAAGTGTGTTCT CCTGATACGAAGCACTTCTCG 250 bp

Rpl19 CCTGAAGGTCAAAGG GAAT GTCTGCCTTCAGCTTGTG GA 73 bp
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Effect of prenatal exposure to phthalate mixture on body weight, organs weight, and anogenital distance.

Table 2.

Treatment PND 21 PND 60 12 Months
Body weight (g)
Control 16.59+1.91 394753 51.01 +3.24
20 pg/kg/day 1536 +1.47 37.61+345 5440722
200 ug/kg/day  15.82+1.29 40.20+550 61.81+0.28°
200 mg/kg/day 15.15+1.91 40524394  56.21+7.37
500 mg/kg/day 16.59+1.12 41.37+459 58.30+3.76
AGD (mm)
Control 10.66 +0.89 18.11+1.10 22.13+0.71
20 ug/kg/day 1058 +0.87 18.83+1.17 2151+0.95
200 pg/kg/day  10.25+0.62 19.12+126 22.12+0.01
200 mg/kg/day 10.14+1.17 19.16+098 20.75+0.94
500 mg/kg/day 10.37+0.71 1851+0.55 21.33+0.88
Liver weight (g)
Control - - 2.86 +0.17
20 g/kg/day - - 2.72+0.35
200 g/kg/day - - 3.67+0.49
200 mg/kg/day - - 3.11+0.48
500 mg/kg/day - - 3.11+0.33

*

, significantly different compared to control group (< 0.05)
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Table 3.

Histopathological impact of prenatal exposure to phthalate mixture.

Control  20ug/kg/day 200ug/kg/day 200mg/kg/day  500mg/kg/day

Testis
-Hypospermatogenesis 0% (0/4) 75% (3/4) 66% (2/3) 75% (3/4) 66% (2/3)
-Germ cell degeneration 0% (0/4)  100% (4/4) 66% (2/3) 50% (2/4) 100% (3/3)
-Failure of spermiation. 0% (0/4)  50% (2/4) 33% (1/3) 50% (2/4) 66% (2/3)
-Abnormal residual bodies 0% (0/4) 50% (2/4) 66% (2/3) 50% (2/4) 33% (1/3)
Epididymis
-Epididymal vacuoles 0% (0/4)  100% (4/4) 33% (1/3) 75% (3/4) 33% (1/3)
-Germ cell in lumen of epididymis 0% (0/4) 75% (3/4) 0% (0/3) 50% (2/4) 66% (2/3)

a . . . . .
, the number of mice showing each abnormality per treatment group was divided by the total mice per treatment group to calculate a percentage of
affected mice for each abnormality (affected mice/total number of mice)
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