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Di (2-ethylhexyl) phthalate (DEHP) is the most ubiquitous endocrine disruptor in the environment. The
present study aimed to investigate the low dose effects of DEHP on the male reproductive system of rats
exposed during the pre-pubertal, pubertal and post-pubertal periods. Male Wistar rats were daily gavaged
by DEHP from postnatal day (PND) 21 to PND 120 with 0.5, 50 and 5000 .g/kg BW/d. A decrease in sperm
count of 41%, 24% and 46% was observed at 0.5, 50 and 5000 w.g/kg BW/d respectively. A decrease of Ser-
toli cells number was observed at 50 and 5000 pg/kg BW/d (22% and 42%, respectively). Non-monotonic
dose-response was observed for testosterone levels with a significant increase at 50 .g/kg BW/d associ-
ated to a notable enhancement of Leydig cells number (35%). In conclusion, our results showed that
postnatal exposure to low doses of DEHP affects sperm count, Sertoli and Leydig cells number and

Prepuberty testosterone level.
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1. Introduction

Di-(2-ethylhexyl) phthalate (DEHP) is a plasticizer produced by
phthalic acid esterification reaction with 2-ethylhexanol in pres-
ence of an acid catalyst [1,2]. DEHP is mainly added to polyvinyl
chloride to make it smooth, flexible and durable, so it is found in
most everyday consumer products such as food packaging, toys,
medical devices, construction products and clothing; plastics can
contain up to 40% DEHP [3-5].

Due to the absence of covalent chemical bonding to the matrix
polymer, DEHP is constantly released into the environment by
migration and evaporation, resulting in its becoming an ubiquitous
environment contaminant [6,7]. Total emission into the environ-
ment from EU countries is estimated at 28 653t [8].
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Consequently, the general population is constantly exposed to
DEHP through multiple routes and sources of exposure: orally
via food and water, respiratory via air, dermally via cosmetics,
parenterally and intravenously via medical devices and placenta
during pregnancy [7,9]. Vandenberg et al. [23] estimated that
human exposure to DEHP to be 0.5-25 p.g/kg BW/d.

DEHP has been recognized as an endocrine disruptor and asso-
ciated with reproductive toxic effects [3-5]. However, a tolerable
daily intake (TDI) of 50 wg/kg BW/d was established by the Euro-
pean Food Safety Authority (EFSA)in 2005 based on the “no adverse
effect level” (NOAEL) of 5 mg/kg BW/d evaluated by Wolfe and Lay-
ton [10].

The majority of studies concerning DEHP were carried out with
high doses during short exposure periods, and the reproductive
adverse effects following postnatal exposure of male animals has
been well-documented. Severe disorders were reported including
decrease in sperm count and motility, cessation of spermatogene-
sis, decrease in fertility index, diminished testosterone, decreased
testis and epididymal weights with severe lesions in the testes
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including: Leydig cell hyperplasia, atrophy of seminiferous tubules
with a progressive degeneration of germ cells, mostly spermato-
cytes and spermatids, which ultimately slough off into the tubular
lumen [2,6,11-20].

In the recent years, it was demonstrated that certain EDCs had
produced toxic effects at even very low dose exposure during “crit-
ical windows” [21-25]. By definition, “low doses” are doses below
the NOAEL set in traditional toxicology studies, or doses in the range
of typical human exposure in the environment [26|. Thus, Low-dose
effects are effects observed at doses below the NOAEL or effects
that occur in the typical human exposure range according to the
National Toxicology Program [27].

Several low-doses studies dedicated to EDCs demonstrated that
the period of exposure is determinant, thus early periods of devel-
opment (in utero, pre-pubertal and pubertal) are more sensitive
to the effects of EDCs exposure [28]. Consequently, the traditional
concept in toxicology changed from “dose makes the poison” to
“timing makes the poison” [28,29].

In this respect, the period of male reproductive tract devel-
opment was demonstrated to be the most sensitive to testicular
toxicity by DEHP [30,31]. To the best of our knowledge, the only
study dedicated to investigate the low-dose effects of postnatal
exposure of DEHP in male rats, was conducted on pubertal to post-
pubertal periods. Males were daily gavaged with 30, 100, 300, and
1000 g/ kg BW/d of DEHP from postnatal day (PND) 42 to PND
105; no significant differences were observed in sperm counts,
motility and relative testes and epididymis weights [32]. Other
studies using intermediates and high DEHP doses covered longer
periods starting particularly at weaning to adulthood (from PND
21 to PND 120). The results are controversial concerning testos-
terone and a decrease in epididymal sperm counts is observed only
at 900 mg/kg BW/d [12,33]. To the best of our knowledge, the low
doseeffects of DEHPduring this period of PND 21 to PND 120 have
never been investigated.

Based on the presented background, the aim of the current
study is to evaluate low dose effects exposure to DEHP from wean-
ing to adulthood, (PND 21 to PND 120) in male rat. This period
of treatment was chosen as in the environment the exposure to
DEHP is constant during the different periods of life being, so the
rationale behind this duration is to mimic the continuous ambient
low-level exposures to DEHP. Different parameters were inves-
tigated, including: sperm count and motility, testosterone levels
and histopathological examination of testis and epididymis. Three
DEHP doses were tested: the lowest dose of human exposure
(0.5 ng/kg BW/d), the regular doses considered to be a ‘safe dose’
for humans (50 pg/kg BW/d) and a dose considered to be NOAEL
for reproductive development in the rat (5000 pg/kg BW/d).

2. Material and methods
2.1. Chemicals

DEHP, CAS N° 117-81-7, purity 99.8% was obtained from LG
CHEMICAL, its identity confirmed with analytical techniques. DEHP
was dissolved in olive oil which was used as the vehicle; the dosing
solutions were kept in glass bottles in the dark, at room temper-
ature, and continuously stirred during the dosing period. All of
the products complied with the quality standards of the European
Pharmacopoeia (http://www.edgm.eu/en/Homepage-628.html).

2.2. Animal treatment and housing conditions

All procedures involving rats were approved by the local author-
ities, and adhered to the ethical guidelines for the care and use of
laboratory animals.

Forty SPF (specific pathogen-free) male Wistar rats (obtained
from Charles River Laboratory, France) were randomly divided
into four 4 groups of 10 rats each, receiving DEHP dosages of 0;
0.5 pg/kg BW/d; 50 wg/kg BW/d and 5000 p.g/kg BW/d respectively,
via daily gavage with a stainless steel probe from PND 21 to PND
120. The control group received the vehicle alone, dosing volume
was 10 ml/kg, adjusted on a daily basis according to body weight.
Rats were housed individually in transparent polycarbonate cage
type E (Charles River) in experimental animal room maintained at
21+5°C, 53 £ 7% humidity and 12 h light dark photocycle. Food
pellets and water filtered by activated carbon in glass bottles were
available ad libitum. Rats were daily inspected for general toxicity
and killed by decapitation at PND 120. In order to avoid eventual
effects due to stress, the same experimental conditions were kept
during the entire treatment period, and all plastic material was
removed.

2.3. Body weight, euthanasia and reproductive organ weights

At PND 120 all rats were weighed and killed by decapitation,
blood was collected in glass tubes and immediately placed on ice.
Soon after euthanasia and blood collection, testes and epididymides
were removed and weighed. The right cauda epididymides was
weighed and placed in the pre-labeled glass Petri dish containing
10 ml of pre-warmed bovine serum albumin/phosphate buffered
saline (BSA/PBS) (1% BSA) and incubated at approximately 34°C
and then used for sperm analysis. The contralateral testis and epi-
didymis were fixed in 10% formalin and used for histopathological
examination.

2.4. Epididymal sperm count and motility analysis

The procedure used for epididymal sperm count and motil-
ity analysis was based on Parker protocol [34]. Immediately after
euthanasia, the right cauda epididymis was weighed and placed
in a pre-labeled glass Petri dish containing 10 ml of prewarmed
BSA/PBS diluent (1% BSA). The cauda epididymis was then pierced
four to six times using a scalpel blade. The glass Petri dishes
were covered and incubated at 34°C for 8 min to allow for sperm
swimout. In order to estimate the percentage of motile sperm, 10 .l
aliquot was placed in a Malassez chamber and analyzed under a
phase-contrast microscope (HundWetzlar x40 objective). At least
200 sperm were evaluated per animal and classified as mobile or
immobile. Motility was expressed as a ratio of number of motile
sperm to the total number of sperm. To assess the concentration of
spermatozoa, sperm aliquot was diluted 1:10 with fixative (1% for-
malin in PBS) and counted using a Malassez chamber. Sperm count
is reported as the sperm number per gram of relative weight of
cauda epididymis.

2.5. Histopathologicalexamination

After fixation in 10% formalin solution, testes and epididymis
were transferred to different increasing concentration of alco-
hol baths (70%, 90%, 100% ethanol), embedded in paraffin and
cut at 3 um. Sections were stained with hematoxilin and eosin
and evaluated by light microscopy (LEICA DM LS2 Microsystems).
Histopathological evaluation was performed by a specialist in
histopathology in a blind-manner. The analysis has mainly focused
on the qualitative study of spermatozoa in the epididymal duct
from the proximal caudaepididymis andin lumen of the seminifer-
ous tubules. On the basis of three (03) different cross-sections per
animal, a total of one hundred eighty (180) random tubules were
analyzed per group (n=10/group). The seminiferous epithelium
cycle was globally evaluated by the presence of spermatozoa and
the various germ cells: spermatogonia, spermatocytes and sper-
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Fig. 1. Low doses effects of DEHP exposure from PND 21 to PND 120 on rats sperm
count. Each bar represents the mean =+ SE of sperm count per gram of relative weight
of cauda epididymis. Means which are denoted by *, ** differ from the control group
(ANOVA, p<0.05, p<0.01) (n=10/group).

matids in examining seminiferous tubules. The oligospermia was
estimated based on the quantity of spermatozoa in the lumen of
seminiferous tubules and in the proximal cauda epididymis. Severe
oligospermia (+), moderate oligospermia (++) and normal sperma-
tozoa quantity (+++ ) corresponded to the presence ofspermatozoa
in 25%, 50% and >80% of the analyzed tubules. Leydig cells were
counted in 10 different fields per animals and Sertoli cells were
counted in 5 random seminiferous tubules per animals (n=10)
under a light microscope (DM750 LEICA microsystem) at x400
magnification.

2.6. Serum testosterone concentration

The collected blood was centrifuged at 4000 rpm for 5 min at
4°C, the resulting serum was then transferred to polypropylene
tubes and stored at —20°C for further analysis. Serum testos-
terone concentration was measured by Electrochemiluminescence
immunoassay (ECLIA) (IMMUNO ANALYSES COBAS ROCHE). The
limit of detection was 0.025 ng/ml.

2.7. Statistical analysis

Statistical analysis was realized using SPSS software (version
2.1), results were expressed as mean + SE. Means were analyzed by
one-way analysis of variance (ANOVA), followed by Tukey’s post
hoc test to determine significant differences among the groups. Two
linear regression models were used to test the non-monotonicity:
a simple linear regression model and a regression model that
included a quadratic term. Differences were considered to be statis-
tically significant at a probability level of 5% (p <0.05). Correlation
test was performed to evaluate the relationships between the dif-
ferent measured parameters including sperm count, testis and
epididymis weights and histopathological parameters.

3. Results
3.1. Sperm count

The current results showed that Wistar male rats exposure to
low doses of DEHP from pre-pubertal to post-pubertal (PND 21

to PND 120) induced a significant decrease in sperm count com-
pared to the control group (ANOVA p=0.01) (Fig. 1). Indeed, a
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Fig. 2. Effect of different low doses of DEHP exposure from PND 21 to PND 120
on rats Testosterone levels. Each bar represents the mean+SE of serum testos-
terone levels (ng/ml). Means which are denoted by * differ from the control group
(ANOVA, p<0.05) (n=10/group).12) at 5000 wg/kg BW/d. No effect was observed at
0.5 pg/kg BW/d.

46%, 41% and 24% decrease at 5000 ng/kg BW/d, 0.5 wg/kg BW/d
and 50 pg/kg BW/d was observed, respectively. Surprisingly, a non-
linear relationship was observed between the used doses and
sperm counts. In fact, the intermediate dose (50 wg/kg BW/d) did
not decrease sperm count to the same extent as the lowest dose
(0.5 pg/kg BW/d).

3.2. Sperm motility

Compared to sperm count, sperm motility does not appear to
be significantly affected by prepubertal, pubertal and pospubertal
exposure to low doses of DEHP (ANOVA p = 0.3). When compared to
the control group, a decrease of 29%, 18.63% and 9% was observed at
5000 pk/kg BW/d, 50 wg/kg BW/d and 0.5 w.g/kg BW/d, respectively
(Table 1).

3.3. Testosterone levels

The level of testosterone measured at PND 120 (Fig. 2),
was significantly affected by exposure to low doses of DEHP
(ANOVA p=0.006). Indeed, a significant increase in testos-
terone level (2.64+0.5ng/ml) was noticed at the intermediate
tested dose (50 pg/kg BW/d), (p=0.01) compared to the control
(1.24 £ 0.15 ng/ml). The highest testeddose (5000 p.g/kg BW/d) did
not alter the values of testosterone levels - because the value
was similar to control, suggesting no alteration in this parame-
ter. On the other hand, at the lowest tested dose (0.5 pg/kg BW/d),
a slight increase was observed (1.98 +0.18 ng/ml), although not
statistically significant (p=0.34) compared to the control. Thus,
when analyzing the effect on testosterone of all tested doses, an
inverted-U dose-response relationship was observed. In order to
verify this model, the results were analyzed using two regression
models identified in the methods section. The simple linear regres-
sion model gave a p=0.9 and a low coefficient of determination
R? =0.01, meaning that this linear model is invalid. However, when
the quadratic term was added to the linear model, a p value=0.3
and R2 =0.85 were achieved, expressing that this quadratic model
fits better with the results.

3.4. Body and relative organ weights

Exposure to low doses of DEHP from PND 21 to PND 120 did not
affect body weight in all treated groups(ANOVA p=0.14) (Table 1).
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Table 1

Body weight, absolute and relative organ weights (testes, epididymis) and sperm motility percentageat PND 120 in male rats following prepuberty, pubertal and postpubertal

exposure to low doses of DEHP.

Parameter DEHP doses (pg/kg BW/d)

0(n=10) 0.5(n=10) 50 (n=10) 5000 (n=10)
Body weight (g) 343.7+6.40 314.4+9.04 332.9+9.36 323.9+10.91
Absolute Testis weight 1.64 +0.047 1.54+0.063 1.39+£0.055 1.11+£0.079"
Absolute Epididymis weight 0.27 +0.006 0.23+0.009° 0.20+0.005" 0.18+0.007 "
Relative Testis weight (g) 0.41+0.014 0.49+0.016° 0.42+0.018 0.34+0.019
Relative Epididymis weight (g) 0.068 +0.001 0.074 +0.002 0.062 +0.002 0.057 +£0.001"
Sperm motility (%) 44.55+3.17 40.37 +3.39 36.25+3.51 33.59+6.27

Results are expressed as mean + SE. (ANOVA p <0.05).
" Significantly different from control group, p <0.05 (Tukey test).
™ Significantly different from control group, p<0.01 (Tukey test).

A significant dose-related decrease in absolute testis and epi-
didymis weights were observed in all treated groups compared
to control. Absolute testis weight decreased by 6% (p=0.68), 15%
(p=0.04) and 32% (p=0.000) at 0.5, 50 and 5000 p.g/kg BW/d,
respectively. Similarly, absolute epididymis weight decreased by
14% (p=0.005), 25% (p=0.000) and 33% (p=0.000) at 0.5, 50
and 5000 p.g/kg BW/d, respectively. The effect on the relative epi-
didymis weight was significant only at 5000 pg/kg BW/d with
a decrease of 16% (p=0.001). Concerning relative testis weight,
we observed a significant increase (19%) at 0.5 wg/kg BW/d and
inversely a significant decrease (17%) at 5000 g/kg BW/d. The
intermediate dose (50 pg/kg BW/d) appeared to have no effect on
relative testis and epididymis weights (Table 1). These results also
indicated a non-linear response between doses and relative organ
weights. In the case of relative testis weights, the simple linear
model gave p=0.41 (not statistically significant) and alow R2 =0.34,
and the quadratic model gave p=0.29 and R2=0.91 indicating that
the non-linear model fitsbetter the data than the simple linear
model.

3.5. Histopathologic examination

Histopathological examination of the epididymis revealed
results that are consistent with those observed in the spermogram
and caudaepididymal sperm counts (Table 2, Fig. 3).

In fact spermatozoa were partially or totally absent depending
on the tested dose; 8 out of 10 cases of oligospermia, including2
severe cases, were observed at the highest dose (5000 p.g/kg BW/d,
Fig. 3D), 6/10 cases of moderate oligospermia, at the intermediate
dose (50 wg/kg BW/d, Fig. 3C) and 6/10 cases of oligospermia, with 2
severe cases, at the lowest tested dose (0.5 pg/kg BW/d, Fig. 3B). No
cases of azoospermia were observed in all treated groups (Table 2,
Fig. 3).

In testes,at 5000 pg/kg BW/d as well as at the lowest tested
dose (0.5 pg/kg BW/d), mature spermatozoa were present in small
amounts or totally absent depending on the analyzed seminifer-
ous tubules (Fig. 3H and F, respectively) with one case of vacuolar
degeneration at each of these doses. While, the intermediate dose
(50 wg/kg BW/d) tubules lumen were full of mature spermatozoa
or totally absent depending on the analyzed seminiferous tubules
(Fig. 3G). Spermatid cells were present in nearly 80% all analyzed
groups (Table 2). Therefore, the different stages of spermatogonia
and spermatocytes were observed in all examined seminiferous
tubules.

Compared to the control, Sertoli cells number showed a signifi-
cant dose-related decrease in the treated groups with 22% (p =0.03)
and 42% (p=0.000) at 50 and 5000 p.g/kg BW/d respectively. Ley-
dig cells number was also affected by treatments with a significant
increase (35% (p=0.03))at 50 pg/kg BW/d and a decrease (21%) (not
statistically significant, p=0

4. Discussion

The concept of low-dose effects of EDCs is currently at the center
of scientific debates resulting in a great controversy regarding the
chemical risk assessment. In fact, in recent years several studies of
EDCs have challenged the traditional concept in toxicology which
stipulates “the dose makes the poison”, as EDCs can express adverse
effects at very low doses but not necessarily at higher doses [23],
particularly during “critical windows” [21-24].

This study aimed to evaluate the low dose effects exposure
to DEHP, anubiquitous endocrine disruptor in the environ-
ment, during the most sensitive periods of the development of
the reproductive system corresponding to pre-pubertal, puber-
tal and post-pubertal periods. Different reproductive parameters
were investigated including sperm count, testosterone levels and
histopathological evaluation of testes and epididymis.

The results of the current study showed that pre-pubertal,
pubertal and post-pubertal exposure to low doses of DEHP (5000,
50 and 0.5 pg/kg BW/d) decreased significantly the sperm counts,
by 46, 24 and 41% respectively. This decrease in sperm count
is tightly related to the oligospermia findings in the histopatho-
logical examination and correlated positively with absolute testis
and epididymis weights (r=0.53 and r=0.60, respectively). Sim-
ilar results were reported at higher doses of DEHP (from 250 to
2000 mg/kg BW/d), during a short exposure period of 10-15 days
only, in adult SD rats [19,20,35]. The current results are also con-
sistent with those observed by Zhang et al. [36] at low doses in
mice, reporting a decrease in sperm count after exposure to 5,
20 and 40 p.g/kg BW/d of DEHP during neonatal period (PND 7 to
PND 49). On the other hand, in rats, Hsu et al. [32] observed no
significant effects on sperm counts following pubertal and post-
pubertal (PND 42 from PND 105) exposure to 30, 100, 300, and
1000 g/ kg BW/d of DEHP considered as low doses. This is probably
related to the fact that rats are not exposed during the pre-pubertal
period which characterized by an active proliferation of Sertoli
cells [38,41]. In the current results, Sertoli cells counting revealed
a significant decrease (22% and 42% at 50 and 5000 p.g/kg BW/d,
respectively) impacting consequently and negatively sperm count
(r=0.18). This is previously reported in several studies investigat-
ing pre-pubertal exposure to high doses of DEHP [42,30,41]. On the
other hand, at the lowest dose (0.5 wg/kg BW/d, which is a very
low dose)despite the decrease in sperm count, Sertoli cells number
was not affected, a similar result was reported by Andrade et al.
[43] after in utero exposure. This is probably related to the fact that
DEHP interferes with different and multiple mechanisms of action
depending on the period and the dose level, as indicated by Schug
et al. and Lyche et al., [22,44]. Zhang et al. [36], have suggested
that at low dose, the decrease in sperm quality, including sperm
count, is due to reduced expression of genes: DDx3Y, Usp9Y, RBM,
E1F1AY, EGF, FSHR and EGFR. Parmar et al. [ 19] suggested also that
DEHP affect sperm count by altering the activities of the enzymes
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Table 2

Histopathologic lesions in the epididymis and testis at PND 120 in male rats following pre-puberty, pubertal and post-pubertal exposure to low doses of DEHP.

Parameter DEHP doses pg/kg BW/d
0(n=10) 0.5(n=10) 50 (n=10) 5000 (n=10)

Epididymis
Dispersion Scattered 0 7 7 10

Not scattered 10 3 3 0
Azoospermia 0 0 0 0
Severe oligospermia (<25%) 0 2 0 2
Moderate Oligospermia (~50%) 1 4 6 6
Dense (>80%) 9 4 4 2
Testes
Seminiferous tubules
Vacuolar Degeneration 0% 10% 0% 10%
Sertoli cell number § eminiferous tubule 13.6+0.77 12.8+0.68 10.6+0.84" 7.80+0.69"
Spermatids >80% >80% >80% >80%
Spermatozoa >80% <50% ~60% <25%
Interstitial tissue
Leydig Cell number/field 12.20+0.61 11.5+0.63 16.5+1.03° 9.6+0.85

Sertoli and Leydig cells number results are expressed as mean + SE. (ANOVA p <0.05).

" Significantly different from the control group, p <0.05 (Tukey test).
™ Significantly different from the control group, p<0.01 (Tukey test).

Fig. 3. Histological lesions in the epididymis and testis of rat at PND 120 following pre-puberty, pubertal and post-pubertal exposure to low doses of DEHP. A: (4x ) Proximal
cauda epididymis of control rat, Epididymal duct is full of spermatozoa. B and C: (10x) Proximal cauda epididymis of rats exposed to 50 and 0.5 pug/kg BW/d respectively,
epididymal duct is fully or partially full of spermatozoa. D: (10x ) Proximal cauda epididymis of rat exposed to 5000 pg/kg BW/d, spermatozoa are partially or totally absent
in epididymal duct. E: (40x ) Testis of control rat. F: (20x ) testes of rats exposed to 0.5 p.g/kg BW/d, mature spermatozoa are present in small amounts with a simultaneous
vacuolar degeneration (arrow); G: (20x) Testes of rats exposed to 50 pg/kg BW/d lumen is full of mature spermatozoa or totally absent. H: (20x ) Testis of rat exposed to

5000 pg/kg BW/d, mature spermatozoa are partially or totally absent.

responsible for the maturation of sperms.This is in agreement with
the current results as histopathological examination revealed the
presence of spermatids in all examined seminiferous tubules sug-
gesting an impacton spermatozoa maturation. Indeed, according to
Holson etal. [40],anormal number of spermatids and areduction in
epididymal sperm count implies that sperm maturation is affected.
Similarly, Dostal et al. [30] reported a dose related decrease in mat-
uration of the spermatids after 6 weeks of exposure to 10, 100, 1000
and 2000 mg/kg of DEHP.

The results of testosterone levels revealed non-monotonic
dose-response with a significant increase at the intermediate
dose 50 pg/kg BW/d. To the best of our knowledge, the current
study is the first to be dedicated to investigate the effects at
low doses of DEHP on testosterone during postnatal exposure.
The few studies carried outpreviously at low doses, have been
focused on the in utero exposure, and similarly to the current
study, they revealed non monotonic dose-responses relationships
in rat [43] and mouse [45]. This non-monotonic dose-response

relationships,often referred to as biphasic dose-response curves,
and low-dose effects of EDCs have been described in the literature
in recent years. Vandenberg [46] indicated that non-monotonic
dose response curves have been demonstrated for EDCs and the
mechanism responsible is related to the interactions between the
ligand and hormone receptors. In March 2012, Vandenberg et al.
published a review on low-dose effects and non monotonic dose
responses of EDCs, they indicated that low doses of EDCs give non-
monotonic responses with inverted U sharp and concluded that
“when non monotonic dose-response curves occur, the effects of
low doses cannot be predicted by the effects observed at high
doses”. A similar biphasic dose-response model have been also
reported by Ge et al. [47] which stipulates that low doses of
DEHP increase the testosterone level, whereas high doses reduce
testosterone level. In their study, male rats were treated with
10, 500, and 750 mg/kg BW/d DEHP during pre-pubertal period
from PND 21 to PND 48. The results showed a significant increase
in testosterone levels (3.134+0.37 ng/m) at 10 mg/kg BW/d com-
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pared tothe control (1.98 + 0.20 ng/ml), while the 750 mg/kg BW/d
dose decreased testosterone (1.18 +0.18 ng/ml). The same authors
tested the DEHP metabolite MEHP in vitro in Leydig cell cultures,
and they showed that 27.8 wg/ml of MEHP increased testosterone
production, while 2780 g/ml was inhibitory. Similarly, Akingbemi
et al. [12] reported a significant increase in testosterone levels fol-
lowing pre-pubertal to post-pubertal exposure (from PND 21 to
PND 120) at both doses 10 mg/kg BW/d and 100 mg/kg BW/d in rat.
In the opposite, at high doses (500, 750, 1000, 1250 mg/kg BW/d)the
majority of studies reported an anti-androgenic action of DEHP
[11,14,17,35,47-49].

In the current study, the increased testosterone level was
associated to a notable enhancement of Leydig cells number. In
fact, Leydig cells increased by 35% at 50 pg/kg BW/d suggesting
a direct effect on the testosterone level. A similar mechanism
of action has been reported by Akingbemi et al. [12] during the
same periods of exposure (from PND 21 to PND 120) using 10
and 100 mg/kg BW/dDEHP. At the lowest tested dose (0.5 pg/kg
BW/d),the increased testosterone level (not statistically significant)
was not associated to increased Leydig cells number. Akingbemi
et al. [50] have reported a similar result and according to these
authors, this is probably due to a compensatory mechanism. At high
doses, the majority of studies linked the systematic testosterone
decrease to the degeneration of Leydig cells and to the inhibition
of testosterone-biosynthetic enzyme [48-50].

In conclusion, the present study revealed that exposure to
low doses DEHP during pre-pubertal, pubertal and post-pubertal
periods (from PND 21 to PND 120), affected sperm counts, Ser-
toli and Leydig cells number and testosterone levels. The dose
of 5000 wg/kgBW/d, considered to be NOAEL for reproductive
development in rat, decreased sperm count and Sertoli cells
number by 46% and 42%, respectively. The lowest tested dose
(0.5 pg/kg BW/d); which is a hundred times lower than the TDI,
decreased also sperm count and Sertoli cell number by 41% and 6%,
respectively. The dose of 50 wg/kg BW/day, considered to be a ‘safe
dose’ for humans, decreased sperm count by 24% and Sertoli cell
number by 22%. Concerning testosterone levels, the results showed
non-monotonic dose-response with maximum levels obtained at
the intermediate tested dose (50 pg/kg BW/d) associated to an
increase in Leydig cells number. Thus, our results showed that
exposure to low doses of DEHP, far below or at regulatory doses,
from pre-pubertal to pos-pubertal periods, disrupt significantly the
reproductive system, and indicated that the concept of “safe dose”
estimated from the NOAEL is not valid for DEHP.

Competing interest

The authors have declared that no competing interest exists.

Acknowledgements

This work was realized at “Laboratoire National de Contrdle des
Produits Pharmaceutiques”, “service Pharmaco-Toxicologie”, i wish
to thank all his staff for its kind cooperation, especially, Salima,
Kenza, Fahima, Feriel, Nehla, khadidja, Hana and all pharmacology
residents. [ wish also to thank Dr. Ammar Boukhtouche’s laboratory

for its precious cooperation.
Appendix A. Supplementary data
Supplementary data associated with this article can be found,

in the online version, at https://doi.org/10.1016/j.reprotox.2017.
11.004.

References

[1] ATSDR, Toxicological Profile for Di(2-Ethylhexyl) Phthalate. U.S. Department
of Health and Human Services, Public Health Service. Agency for Toxic
Substances and Disease Registry, 2002.

R. Kavlock, D. Barr, K. Boekelheide, W. Breslin, P. Breysse, R. Chapin, K. Gaido,

E. Hodgson, M. Marcus, K. Shea, NTP-CERHR expert panel update on the

reproductive and developmental toxicity of di (2-ethylhexyl) phthalate,

Reprod. Toxicol. 22 (2006) 291-399.

IARC, Di (2-ethylhexyl) Phthalate, Some Chemicals Present in Industrial and

Consumer Products, Food and Drinking-water. IARC Monographs on the

Evaluation of Carcinogenic Risks to Humans/World Health Organization,

International Agency for Research on Cancer, 2013.

S. Pakalin, K. Aschberger, O. Cosgrove, B. Lund, A. Paya-Perez, S. Vegro,

European Union Risk Assessment Report Bis (2-ethylhexyl) Phthalate (DEHP),

2008, Volume.

[5] M.D. Shelby, NTP-CERHR Monograph on the Potential Human Reproductive
and Developmental Effects of Di (2-ethylhexyl) Phthalate (DEHP), Ntp Cerhr
Mon (18) v, Vii-7, ll-iii-xiii Passim, 2006.

[6] W.W. Huber, B. Grasl-Kraupp, R. Schulte-Hermann, Hepatocarcinogenic
potential of di (2-ethylhexyl) phthalate in rodents and its implications on
human risk, Crit. Rev. Toxicol. 26 (4) (1996) 365-481.

[7] M. Wittassek, H.M. Koch, J. Angerer, T. Briining, Assessing exposure to
phthalates-the human biomonitoring approach, Mol. Nutr. Food Res. 55 (1)
(2011) 7-31.

[8] J. Rank, Classification andrisk assessment of chemicals: the case of DEHP in
the light of REACH, J. Transdiscipl. Environ. Stud. 4 (3) (2005) 1-15.

[9] S.H. Swan, Environmental phthalate exposure in relation to reproductive
outcomes and other health endpoints in humans, Environ. Res. 108 (2) (2008)
177-184.

[10] G. Wolfe, K. Layton, Multigeneration Reproduction Toxicity Study in Rats
(unaudited Draft): Diethylhexylphthalate: Multigenerational Reproductive
Assessment by Continuous Breeding when Administered to Sprague-Dawley
Rats in the Diet, Therlmmune Research Corporation (Gaithersburg,
Maryland), TRC Study, 2003, 7244-200.

[11] D.K. Agarwal, S. Eustis, ].C. Lamb, Effects of di (2-ethylhexyl) phthalate on the
gonadal pathophysiology, sperm morphology, and reproductive performance
of male rats, Environ. Health Perspect. 65 (1986) 343.

[12] B.T. Akingbemi, R. Ge, G.R. Klinefelter, B.R. Zirkin, M.P. Hardy,
Phthalate-induced Leydig cell hyperplasia is associated with multiple
endocrine disturbances, Proc. Natl. Acad. Sci. U. S. A. 101 (3) (2004) 775-780.

[13] M. Dobrzyifiska, Phthalates-widespread occurrence and the effect on male
gametes. Part 2. The effects of phthalates on male gametes and on the
offspring, Roczniki Panistwowego Zaktadu Higieny 67 (3) (2016) 209.

[14] M.M. Dobrzynska, EJ. Tyrkiel, E. Derezinska, K.A. Pachocki, J.K. Ludwicki, Two
generation reproductive and developmental toxicity following subchronic
exposure of pubescent male mice to di (2-ethylhexyl) phthalate, Ann. Agric.
Environ. Med. 19 (1) (2012).

[15] P. Erkekoglu, B. Kocer-Gumusel, Environmental effects of
endocrine-disrupting chemicals: a special focus on phthalates and bisphenol
A, Environ. Health (2016) 155.

[16] S. Gangolli, Testicular effects of phthalate esters, Environ. Health Perspect. 45
(1982) 77.

[17] T. Gray, S.D. Gangolli, Aspects of the testicular toxicity of phthalate esters,
Environ. Health Perspect. 65 (1986) 229.

[18] R. Hauser, ].D. Meeker, S. Duty, M.J. Silva, A.M. Calafat, Altered semen quality
in relation to urinary concentrations of phthalate monoester and oxidative
metabolites, Epidemiology 17 (6) (2006) 682-691.

[19] D. Parmar, S.P. Srivastava, P.K. Seth, Effect of di (2-ethylhexyl) phthalate
(DEHP) on spermatogenesis in adult rats, Toxicology 42 (1) (1986) 47-55.

[20] A. Siddiqui, S.P. Srivastava, Effect of di (2-ethylhexyl) phthalate
administration on rat sperm count and on sperm metabolic enzymes, Bull.
Environ. Contam. Toxicol. 48 (1) (1992) 115-119.

[21] A. Bergman, J. Heindel, S. Jobling, K. Kidd, R.T. Zoeller, State-of-the-science of
endocrine disrupting chemicals, Toxicol. Lett. 211 (2012) S3.

[22] T.T. Schug, A'F. Johnson, L.S. Birnbaum, T. Colborn, L.J. Guillette Jr, D.P. Crews,
T. Collins, A.M. Soto, E.S. vom Saal, ].A. McLachlan, Minireview: endocrine
disruptors: past lessons and future directions, Mol. Endocrinol. 30 (8) (2016)
833-847.

[23] L.N. Vandenberg, T. Colborn, T.B. Hayes, ].J. Heindel, D.R. Jacobs Jr., D.-H. Lee, T.
Shioda, A.M. Soto, F.S. vom Saal, W.V. Welshons, Hormones and
endocrine-disrupting chemicals: low-dose effects and nonmonotonic dose
responses, Endocr. Rev. 33 (3) (2012) 378-455.

[24] F.S. vom Saal, W.V. Welshons, NIH panel confirms that endocrine disrupting
chemicals cause effects at very low doses, Risk Pol. Rep. 7 (2000) 47-50.

[25] S. Boudalia, R. Berges, C. Chabanet, M. Folia, L. Decocq, B. Pasquis, L.
Abdennebi-Najar, M.-C. Canivenc-Lavier, A multi-generational study on
low-dose BPA exposure in Wistar rats: effects on maternal behavior, flavor
intake and development, Neurotoxicol. Teratol. 41 (2014) 16-26.

[26] J. Owens, ]. Chaney, Weighing the results of differing ‘low dose’ studies of the
mouse prostate by Nagel, Cagen, and Ashby: quantification of experimental
power and statistical results, Regul. Toxicol. Pharm. 43 (2) (2005) 194-202.

[27] NTP, National Toxicology Program’s Report of the Endocrine Disruptors
Low-Dose Peer Review, 2001, Available on the NTP web site: http://ntp-
server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html.

2

3

(4


http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://dx.doi.org/10.1016/j.reprotox.2017.11.004
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0005
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0010
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0015
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0020
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0025
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0030
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0035
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0040
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0045
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0050
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0055
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0060
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0065
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0070
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0075
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0080
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0085
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0090
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0095
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0100
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0105
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0110
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0115
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0120
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0125
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0130
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html
http://ntp-server niehs.nih.gov/htdocs/liason/LowDoseWebPage.html

M. Oudir et al. / Reproductive Toxicology 75 (2018) 33-39 39

[28] L.S. Birnbaum, Applying research to public health questions: timing and the
environmentally relevant dose, Environ. Health Perspect. 117 (11) (2009)
A478.

[29] S.A.Vogel, From ‘the dose makes the poison ‘to’ the timing makes the poison’:
conceptualizing risk in the synthetic age, Environ. Hist. 13 (4) (2008) 667-673.

[30] L.A. Dostal, R.E. Chapin, S.A. Stefanski, M.W. Harris, B.A. Schwetz, Testicular
toxicity and reduced Sertoli cell numbers in neonatal rats by di (2-ethylhexyl)
phthalate and the recovery of fertility as adults, Toxicol. Appl. Pharmacol. 95
(1)(1988) 104-121.

[31] ].S. Fisher, Environmental anti-androgens and male reproductive health:
focus on phthalates and testicular dysgenesis syndrome, Reproduction 127
(3)(2004) 305-315.

[32] P.C. Hsuy, Y.T. Kuo, Y. Leon Guo, J.R. Chen, S.S. Tsai, H.R. Chao, Y.N. Teng, M.H.
Pan, The adverse effects of low-dose exposure to Di (2-ethylhexyl) phthalate
during adolescence on sperm function in adult rats, Environ. Toxicol. 31 (6)
(2016) 706-712.

[33] N. Noriega, K. Howdeshell, J. Furr, C. Lambright, V. Wilson, L. Gray Jr, Pubertal
administration of DEHP delays puberty, suppresses testosterone production,
and inhibits reproductive tract development in male Sprague-Dawley and
Long-Evans rats, Toxicol. Sci. 111 (1) (2009) 163.

[34] RM. Parker, Testing for reproductive toxicity, in: T. Francis (Ed.),
Developmental and Reproductive Toxicology. A Pratical Approch, Ronald D.
Hood, 2006, pp. 449-457.

[35] P. Erkekoglu, N.D. Zeybek, B. Giray, E. Asan, J. Arnaud, F. Hincal, Reproductive
toxicity of di (2-ethylhexyl) phthalate in selenium-supplemented and
selenium-deficient rats, Drug Chem. Toxicol. 34 (4) (2011) 379-389.

[36] X.-F.Zhang, T. Zhang, L. Wang, H.-Y. Zhang, Y.-D. Chen, X.-S. Qin, Y.-M. Feng,
Y.-N. Feng, W. Shen, L. Li, Effects of diethylhexyl phthalate (DEHP) given
neonatally on spermatogenesis of mice, Mol. Biol. Rep. 40 (11) (2013)
6509-6517.

[38] R.M. Sharpe, C. McKinnell, C. Kivlin, ].S. Fisher, Proliferation and functional
maturation of Sertoli cells, and their relevance to disorders of testis function
in adulthood, Reproduction 125 (6) (2003) 769-784.

[40] ].F. Holson, M.D. Nemec, D.G. Stump, L.E. Kaufman, P. Lindstrom, B.J. Varsho,
Significance, Reliability, and Interpretation of Developmental and
Reproductive Toxicity Study Findings, Developmental and Reproductive
Toxicology: A Practical Approach, Taylor & Francis, USA, 2006, pp. 389.

[41] J.M. Orth, G.L. Gunsalus, A.A. Lamperti, Evidence from sertoli cell-depleted
rats indicates that spermatid number in adults depends on numbers of sertoli
cells produced during perinatal development*, Endocrinology 122 (3) (1988)
787-794.

[42] L. Li, A. Jester Jr, ]. Orth, A single dose of Di-(2-ethylhexyl) phthalate in
neonatal rats alters gonocytes, reduces sertoli cell proliferation, and decreases
cyclin D2 expression, Toxicol. Appl. Pharmacol. 166 (3) (2000) 222-229.

[43] AJ. Andrade, S.W. Grande, C.E. Talsness, C. Gericke, K. Grote, A. Golombiewski,
A. Sterner-Kock, I. Chahoud, A dose response study following in utero and
lactational exposure to di-(2-ethylhexyl) phthalate (DEHP): reproductive
effects on adult male offspring rats, Toxicology 228 (1) (2006) 85-97.

[44] ].L. Lyche, A.C. Gutleb, A. Bergman, G.S. Eriksen, A.J. Murk, E. Ropstad, M.
Saunders, ].U. Skaare, Reproductive and developmental toxicity of phthalates,
J. Toxicol. Environ. Health Part B 12 (4) (2009) 225-249.

[45] R.P. Do, R.W. Stahlhut, D. Ponzi, F.S. vom Saal, J.A. Taylor, Non-monotonic dose
effects of in utero exposure to di (2-ethylhexyl) phthalate (DEHP) on
testicular and serum testosterone and anogenital distance in male mouse
fetuses, Reprod. Toxicol. 34 (4) (2012) 614-621.

[46] L.N. Vandenberg, Non-monotonic dose responses in studies of endocrine
disrupting chemicals: bisphenol a as a case study, Dose-Response 12 (2)
(2014), dose-response. 13-020. Vandenberg.

[47] RS. Ge, G.R. Chen, Q. Dong, B. Akingbemi, C.M. Sottas, M. Santos, S.C. Sealfon,
D.J. Bernard, M.P. Hardy, Biphasic effects of postnatal exposure to
diethylhexylphthalate on the timing of puberty in male rats, ]. Androl. 28 (4)
(2007) 513-520.

[48] H.-S.Kim, K. Saito, M. Ishizuka, A. Kazusaka, S. Fujita, Short period exposure to
di-(2-ethylhexyl) phthalate regulates testosterone metabolism in testis of
prepubertal rats, Arch. Toxicol. 77 (8) (2003) 446-451.

[49] T.T. Vo, E.-M. Jung, V.H. Dang, Y.-M. Yoo, K.-C. Choi, H.Y. Frank, E.-B. Jeung,
Di-(2 ethylhexyl) phthalate and flutamide alter gene expression in the testis
of immature male rats, Reprod. Biol. Endocrinol. 7 (1) (2009) 104.

[50] B.T. Akingbemi, R.T. Youker, C.M. Sottas, R. Ge, E. Katz, G.R. Klinefelter, B.R.
Zirkin, M.P. Hardy, Modulation of rat Leydig cell steroidogenic function by di
(2-ethylhexyl) phthalate, Biol. Reprod. 65 (4) (2001) 1252-1259.


http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0140
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0145
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0150
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0155
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0160
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0165
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0170
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0175
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0180
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0185
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0190
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0195
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0200
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0205
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0210
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0215
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0220
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0225
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0230
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0235
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240
http://refhub.elsevier.com/S0890-6238(17)30211-3/sbref0240

	Male rat exposure to low dose of di(2-ethylhexyl) phthalate during pre-pubertal, pubertal and post-pubertal periods: Impac...
	1 Introduction
	2 Material and methods
	2.1 Chemicals
	2.2 Animal treatment and housing conditions
	2.3 Body weight, euthanasia and reproductive organ weights
	2.4 Epididymal sperm count and motility analysis
	2.5 Histopathologicalexamination
	2.6 Serum testosterone concentration
	2.7 Statistical analysis

	3 Results
	3.1 Sperm count
	3.2 Sperm motility
	3.3 Testosterone levels
	3.4 Body and relative organ weights
	3.5 Histopathologic examination

	4 Discussion
	Competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


