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Abstract

Phthalates are abundantly produced plasticizers, and dibutyl phthalate (DBP) is the most widely used derivative
in various consumer products and medical devices. This study was conducted to further explore the potential
testicular toxicity of DBP in adult rats and to elucidate the underlying mechanisms. Adult male albino rats were
treated orally with DBP at doses of 0, 200, 400, or 600 mg/kg/day for 15 consecutive days. Testicular weight,
sperm count, and motility were significantly decreased. Treatment with DBP decreased serum follicle-
stimulating hormone and testosterone levels and testicular lactate dehydrogenase activity. DBP treatment also
decreased serum total antioxidant capacity and the activities of the testicular antioxidant enzymes, such as
superoxide dismutase, catalase, and glutathione reductase. Further, DBP treatment provoked degeneration
with absence of spermatogenesis and sperms and necrosis in some of seminiferous tubules. These results indi-
cated that oxidative stress and subsequent decrease in testosterone secretion were the potential underlying

mechanism of DBP-induced testicular toxicity.
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Introduction

Recent studies have linked the declining reproductive
health and fertility in men with toxicants found in the
environment, in particular endocrine-disrupting che-
micals such as phthalates (Nordkap et al., 2012; Wong
and Cheng, 2011). One of phthalates, dibutyl phtha-
late (DBP), has attracted special attention from the
scientific community and the general public due to its
high production volume in millions of tons annually
(Guerra et al., 2010). DBP is a ubiquitous plasticizer
utilized in the production of flexible polyvinyl chlor-
ide (PVC) materials. As phthalates are noncovalently
bound within PVC, they leach out, becoming avail-
able for biological exposure (Heudorf et al., 2007;
Swan, 2008). Human exposure occurs primarily
through contaminated food and water, especially
high-fat foods, which may be in contact with plastic,
adhesives, or other packing materials that contain
DBP. Pharmaceutical formulations also result in sig-
nificant human exposure because various plasticizers
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are used to coat medicines such as antibiotics, antihis-
tamines, and laxatives (Schettler, 2006).

The majority of studies concerning DBP focused
mainly on investigating in ufero and lactational
effects on the reproductive tract in experimental
rodents (Scarano et al., 2010). DBP were shown in
rats to interfere with normal development of the testis
and reproductive tract when exposure occurs during
gestation (Barlow et al., 2003; Scott et al., 2008),
resulting in postnatal downstream disorders that are
similar to those reported in human testicular dysgen-
esis syndrome, including cryptorchidism, hypospa-
dias, impaired spermatogenesis, and reduced male
fertility. On the testicular toxicity of DBP, previous
studies have shown that sexually immature (prepuber-
tal) rats are more sensitive to DBP than adults (Gray
and Gangolli, 1986). Reported reproductive effects
of DBP include alteration in activities of steroido-
genic enzymes, alteration in testosterone metabolism,
and decreased levels of plasma testosterone; they are
suspected of acting as endocrine disruptors that have
the potential to modify normal endocrine function
(Hirosawa et al., 2006; Xiaofeng et al., 2009). The
mechanism by which DBP exerts its toxic effect in
reproductive system is not yet fully elucidated. Some
of the effects of phthalate are related to its antiandro-
genic potential (Ge et al., 2007; Noriega et al., 2009).
This study was conducted to further explore the
potential testicular toxicity of DBP in adult rats and
to elucidate the underlying mechanisms.

Materials and methods

Chemicals

DBP was purchased from Sigma-Aldrich Chemical
Company (St Louis, Missouri, USA). The follicle-
stimulating hormone (FSH) and testosterone immu-
noassay kits were purchased from American
Laboratory Products Co. Diagnostics (Salem, New
Hampshire, USA) and BioVendor-Laboratorni medi-
cina a.s. (Karasek, Czech Republic), respectively. The
total antioxidant kit was purchased from Randox
Laboratories Ltd. (County Antrim, UK). All other
chemicals used are of analytical grade.

Animals and treatments

Twenty-four adult male Wistar rats (90 days; 180 +
10 g) were housed in clean polypropylene cages
(six/cage/group) and maintained on a 12-h light:12-h
dark cycle at a temperature of 20-25°C with ad

libitum access to food and water. For 7 days before
beginning the experiment, the rats were handled daily
for 5 min to acclimatize them to human contact and
minimize their physiological responses to handling
for subsequent protocols (Ma and Lightman, 1998;
Vaithinathan et al., 2010). DBP was dissolved in corn
oil and given to rats by gavage at doses 0, 200, 400, or
600 mg/kg/day for 15 consecutive days. Control
group was given corn oil alone. Gavage volume was
adjusted according to the weight of each rat. The
doses and duration were selected as per previous pub-
lications (Gray et al., 2006; Nair et al., 2008; Scarano
et al., 2010; Zhou et al., 2010, 2011). The control
group of animals was maintained and gavaged corn
oil vehicle alone.

Necropsy

Twenty-four hours after the last dose, blood samples
were collected from the retro-orbital sinus under ether
anesthesia. Samples were centrifuged, and the super-
natant serum was separated from the clot as soon as
possible and stored at —80°C until FSH, testosterone,
and total antioxidant capacity (T-AOC) assay. Ani-
mals were euthanized and the testes were excised
immediately, cleaned from adhering fat and connec-
tive tissues, and the weights were recorded in grams.
The cauda epididymides from each animal were used
for sperm count and motility assay. The testes were
homogenized in ice-cold phosphate buffer (pH 7.0)
using a glass—Teflon homogenizer. The homogenate
was centrifuged at 10,000 g for 30 min at 4°C, and the
supernatant was used for other biochemical assay and
enzymes estimation as enzyme source. One testis
from each group was used for histopathological
examination. Protein content of the testicular homo-
genate was measured using crystalline bovine serum
albumin as standard (Bradford, 1976).

Sperm count and motility

Cauda epididymides were dissected out, immediately
minced in 5 ml of physiological saline, and then incu-
bated at 37°C for 30 min to allow spermatozoa to
leave the epididymal tubules. Total sperm number
was determined by a Neubauer hemocytometer as
described previously (Yokoi et al., 2003). To deter-
mine sperm motility, 100 sperms each were observed
in three different fields, classified into motile and
nonmotile sperms, and the motility was expressed as
percentage incidence. The percentage of motile sperms
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was recorded using a phase-contrast microscope at a
magnification of 400x (Aly and Azhar, 2013).

Serum FSH and testosterone

Determination of serum FSH (ng/ml) and testosterone
(ng/ml) was carried using enzyme-linked immunosor-
bent assay diagnostic kits.

Testicular LDH enzyme

The testicular homogenate was used to estimate testi-
cular lactate dehydrogenase (LDH) enzyme (U/mg
protein) spectrophotometrically using diagnostic kit.

Serum T-AOC

Twenty microliters of serum were incubated, in a cuv-
ette, with 1 ml of chromogen composed of 610 mmol/l
of 2,2’-azino-di-(ethylbenzthiazoline sulfonate) and
6.1 mmol/l of metmyoglobin. The reactants were
mixed well, and the initial absorbance (4;) was
recorded. Then the substrate was added (200 ul of
mmol/l hydrogen peroxide (H,0,)). The contents
were mixed well, and the absorbance was recorded
after 3 min (4,). The AA4 was calculated for each of
the sample and blank (Miller et al., 1993). The
T-AOC (mmol/l) was calculated using the following
equation:

T-AOC = Factor x (AAb]ank - AAsample) (1)

Concentration of standard

Factor =
(AAblank - AA"lstandard)

(2)

Oxidative stress markers in the testis

Lipid peroxidation. Malondialdehyde (MDA), formed
as an end product of the peroxidation of lipids, served
as an index of the intensity of oxidative stress. MDA
reacts with thiobarbituric acid to generate a colored
product that can be measured optically at 532 nm. A
break down product of lipid peroxidation (LPO), thio-
barbituric acid reactive substance, was measured by
the method described by Buege and Aust (1976).
Briefly, the stock solution contained equal volumes
of trichloroacetic acid 15% (w/v) in 0.25 N hydro-
chloric acid (HCl) and 2-thiobarbituricacid 0.37%
(w/v) in 0.25 N HCIL. One volume of the test sample
(sperm suspension) and two volumes of stock reagent
were mixed in a screw-capped centrifuge tube, vor-
texed, and heated for 15 min on a boiling water bath.
After cooling on ice, the precipitate was removed by

centrifugation at 1000g for 15 min, and absorbance
of the supernatant was measured at 532 nm against
blank containing all the reagents except test sample.
The value is expressed as micromoles of MDA equiv-
alent formed per minute per milligram of protein.

Antioxidant enzymes. The xanthine oxidase method
was used to measure superoxide dismutase (SOD)
activity in the testicular homogenate using purified
bovine erythrocyte SOD (5000 U/mg solid) as a stan-
dard. The reaction between 50 mM xanthine, 50 mM
xanthine oxidase 1000 U, and 0.1 mM ethylenediami-
netetraacetic acid was used to generate superoxide
radicals and uric acid at pH 7.8. The superoxide radi-
cals produced reacted with 50 mM nitro blue tetrazo-
lium (NBT) to produce a red formazan dye that was
measured spectrophotometrically at 250 nm. The
SOD present in the sample (0.1 ml enzyme source)
competes with the NBT for superoxide radicals and
so inhibits the production of formazan dye. The SOD
activity was expressed as units per milligram of pro-
tein (Oynagui, 1984). Catalase (CAT) activity was
determined using reaction mixture (2 ml) consisting
of 1.95 ml of 10 mM H,0, in 60 mM phosphate buffer
(pH 7.0). The reaction was started by adding 0.5 ml of
enzyme source and the absorbance was recorded at
240 nm after 3 min. One CAT unit is defined as the
amount of H,0, converted into water (H,O) and %
oxygen (O,) in 1 min under standard conditions and
the specific activity is reported as micromoles of
H,0, consumed per minute per milligram of protein
(Aebi, 1984). Glutathione reductase (GR) activity was
measured by mixing 0.1 ml enzyme source with 1 ml
of 0.2 M sodium phosphate buffer, 1 mM glutathione
disulfide (GSSG), and 0.1 mM nicotinamide adenine
dinucleotide phosphate (NADPH). The absorbance
was recorded at 340 nm. The enzyme activity was cal-
culated as nanomoles of NADPH oxidized per minute
per milligram of protein (McFarland et al., 1999).

Histopathological examination of the testes

Autopsy samples were taken from the testes of killed
rats, fixed in 10% formalin solution for 10 h at least,
and then washed in tap water for 12 h. Serial alcohols
(methyl, ethyl, and absolute) were used for dehydra-
tion of the tissue samples. Tissue specimens were
cleared in xylene and embedded in paraffin. The par-
affin blocks were sectioned at 3-um thickness by
sledge microtome. The obtained tissue sections were
collected on the glass slides and stained by
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Table |. Effect of DBP on testes weights and sperm characteristics.?

Doses of DBP (mg/kg b.w./day)

Parameter Control 200 mg 400 mg 600 mg
Absolute testes weights (g) 293 + 0.12 248 + 0.17° 2.45 + 0.29¢ 2.38 + 0.31°
Cauda sperm count (x 10%/rat) 535 + 3.21 47 + 3.35° 45.17 + 2.86° 42,67 + 3.33¢
Sperm motility (%) 86.33 + 4.46 76.83 + 5.08° 72.67 + 5.57¢ 70 + 5.83¢
DBP: dibutyl phthalate; ANOVA: analysis of variance; b.w.: body weight.
?Data are expressed as mean + SD (n = 6).
Pp < 0.05: statistical analysis (ANOVA) for differences from corresponding control.
b < 0.01: statistical analysis (ANOVA,) for differences from corresponding control.
dp < 0.001: statistical analysis (ANOVA) for differences from corresponding control.
hematoxylin and eosin stain (Banchroft et al., 1996) (#): Serum FSH
fo.r histopathological examination by the light 46-
microscope. 2.0- €8 Control
: EZ 200 mg/kg/day

. . 259 B3 400 my/kg/day
Statistical analysis £ 204 D 600 mg/kg/day
Differences between obtained values (mean + SD, £ 159 wxx -
n = 6) were compared by one-way analysis of var- 101 e
iance, followed by the Tukey—Kramer multiple com- b
parison test. A p value less than 0.05 was taken as a
criterion for a statistically significant difference.

(b): Serum testosterone
[
B Control
Results " B3 200 mg/kg/day
The weight of testes in animals treated with DBP = 3 g ggg ﬁ:giggi
(200, 400, or 600 mg/kg) revealed significant %, .
c ) £33

decrease (p < 0.05, p < 0.01, and p < 0.01, respec- 2 xx
tively) as compared to the control group (Table 1). 14
Both sperm count and motility were significantly

decreased (p < 0.05, p < 0.01, and p < 0.001), in a
dose-related manner, in response to DBP (200, 400,
or 600 mg/kg, respectively) as compared to the corre-
sponding control (Table 1).

Serum FSH and testosterone levels were signifi-
cantly decreased (p < 0.001) in response to DBP
(200, 400, or 600 mg/kg) treatment as compared to the
corresponding control (Figure 1(a) and (b), respec-
tively). The testicular activity of LDH revealed a sig-
nificant (p < 0.001) decrease in animals treated with
200, 400, or 600 mg/kg of DBP as compared to the
control group (Figure 2). Treatment of animals with
DBP (200, 400, or 600 mg/kg) significantly decreased
(»p < 0.001) the serum T-AOC as compared to the
related control (Figure 3). In DBP-treated animals, the
testicular LPO was significantly increased (p <
0.001), while the enzymatic activities of SOD, CAT,
and GR were significantly decreased (p < 0.001) as
compared to the related control (Table 2).

Figure |. Effect of DBP on serum FSH and testosterone.
Data are expressed as mean + SD (n = 6). ***p < 0.001:
statistical analysis (ANOVA) for differences from corre-
sponding control. DBP: dibutyl phthalate; FSH: follicle-
stimulating hormone; ANOVA: analysis of variance.

Histopathological observation of testes of control
group showed normal architecture with an orderly
arrangement of germinal cells and Sertoli cells (Fig-
ure 4(a)). Testes of DBP (200 mg/kg) treated animals
showed degeneration with absence of spermatogenic
series in the lumen of some seminiferous tubules
(ds; Figure 4(b)). Animals treated with 400 mg/kg
of DBP revealed degeneration with absence of sper-
matogenesis and sperms from most of the seminifer-
ous tubules (ds; Figure 4(c)). Treatment of animals
with 600 mg/kg of DBP revealed necrosis in some
of seminiferous tubules (ns; Figure 4(d)).
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Testicular LDH

Control

EZ3 200 mg/kg/day
E3 400 mg/kg/day
[0 600 mg/kg/day

units/mg protein

Figure 2. Effect of DBP on testicular LDH activity. Data
are expressed as mean + SD (n = 6). ¥**p < 0.001: Statis-
tical analysis (ANOVA) for differences from corresponding
control. LDH: lactate dehydrogenase; DBP: dibutyl phtha-
late; ANOVA: analysis of variance.

Serum T-AOC

3 Control

EZ3 200 mg/kg/day
E3 400 mg/kg/day
@D 600 mg/kg/day

mmol/l

Figure 3. Effect of DBP on serum T-AOC. Data are
expressed as mean + SD (n = 6). ¥***p < 0.001: statistical
analysis (ANOVA) for differences from corresponding con-
trol. T-AOC: total antioxidant capacity; DBP: dibutyl phtha-
late; ANOVA: analysis of variance.

Discussion

The decline in fertility of animals and humans over
the last few decades potentially linked to environ-
mental exposures has drawn global attention (Swan
and Elkin, 1999). The results presented in this study
clearly demonstrate that DBP induced testicular
toxicity in rats. The evaluation of testicular weight
is an integral component in the assessment of repro-
ductive toxicity. The weight of the testis is largely
depending on the mass of the differentiated sperma-
togenic cells (Thsan et al., 2011). DBP caused a sig-
nificant decrease in the absolute weight of the testes
which could be attributed to the significant decrease
in the sperm production in the testes or due to
decreased gonadotropins release. Gonadotropins are
prime regulators of testis weight (Goldman et al.,
1989). The testicular sperm count is an important
indicator of spermatogenesis (Wang et al., 2004).
Sperm count in the epididymis decreased perhaps

due to low level of sperm production in the testes.
Such reduction in sperm count may be resulted from
the direct effect of the DBP on testicular Leydig and
Sertoli cells causing a decrease in testosterone pro-
duction (Al-Thani et al., 2003), which is a prime reg-
ulator for sperm production (Steinberger, 1975).
This could also be attributed to the reduced level
of serum FSH, a hormone directly involved in main-
taining spermatogenesis in conjunction with testos-
terone (Plant and Marshall, 2001). A decrease in
sperm count and sperm motility is associated with
decreased fertility (Narayana et al., 2002; Wyrobek
et al., 1983). The decrease in sperm motility may
be attributed to the reduction in serum testosterone
level (Dirican and Kalender, 2012) or may be due
to rapid loss of intracellular adenosine triphosphate
(ATP) and damage of the sperm membrane caused
by LPO (De Lamirande and Gagnon, 1992; Dok-
meci, 2005). It is thus likely that the reduction of
sperm number in the cauda epididymis in the DBP-
treated rats reflects a state of inhibited and/or
decreased spermatogenesis (Adesiyan et al., 2011).

Testicular activity is governed by gonadotrophic
hormones, FSH and LH (Multinger et al., 1996). In
this study, serum FSH and testosterone levels were
significantly decreased in rats treated with DBP. Tes-
tosterone is produced in the Leydig cells of testis
under the influence of LH secreted from the pituitary
gland (Nilsson, 2000; Tahka, 1989). Alteration of
Leydig cell function can adversely affect spermato-
genesis (Senger, 1999). Decrease in serum testoster-
one might also contribute to the reduction of
spermatogenesis (Nair and Shaha, 2003). FSH not
only regulates spermatogenesis via Sertoli cell func-
tion but also exerts a steroidogenic function on
Leydig cells (De Gendt et al., 2004; O’Shaughnessy
et al., 2010; Willems et al., 2010). Alterations in this
gonadotropin by DBP more likely lead to reproduc-
tive failure. The findings of this study suggest that
DBP affects testicular function by affecting the func-
tions of Sertoli and Leydig cells. Sertoli cells act as
the so-called nurse cells, providing the structural and
the metabolic support for developing germ cells (Bian
et al., 2006). Since many factors essential for germ
cell development are synthesized by Sertoli cells
(Meehan et al., 2000), and since the number of sper-
matozoa produced per day is governed by the number
of Sertoli cells in the seminiferous tubules (Amann,
1970), any agent that impairs the viability and the
function of Sertoli cells may have profound effects
on spermatogenesis (Bian et al., 2006).
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Table 2. Effect of DBP on oxidative stress markers in the testis.?

Doses of DBP (mg/kg b.w./day)

Parameter Control 200 400 600

LPO 3.2 + 02 6.1 + 0.42° 9.11 + 0.48° 12 + 0.71°
SOD 152 + 1.89 9.52 + 1.65° 7.32 + 1.45° 592 + 1.12°
CAT 0.82 + 0.13 0.42 + 0.05° 0.27 + 0.01° 0.13 + 0.002°
GR 32.7 + 191 20.5 + 1.95° [5.3 + 1.45° [1.4 + 1.15°

LPO: lipid peroxidation; SOD: superoxide dismutase; CAT: catalase; GR: glutathione reductase; ANOVA: analysis of variance; b.w.:
body weight.

?LPO are expressed as micromoles of MDA equivalent formed per minute per milligram protein; SOD are expressed as units per milli-
gram protein; CAT activity is expressed as micromoles of hydrogen peroxide consumed per minute per milligram protein; and GR as
nanomoles of nicotinamide adenine dinucleotide phosphate oxidized per minute per milligram protein. Data are expressed as mean +
SD (n = 6).

Bp < 0.001: statistical analysis (ANOVA) for differences from corresponding control.

Figure 4. Representative illustrations of histological morphology of rat testes. (a) Testicular cross sections from control
rats showing normal seminiferous tubules and spermatogenesis (H&E x40). (b) Testicular cross sections from DBP (200
mg/kg/day) challenged rats showing degeneration with absence of spermatogenic series in the lumen of some seminiferous
tubules (ds) (H&E x40). (c) Testicular cross sections from DBP (400 mg/kg/day)-treated rats showing degeneration with
absence of spermatogenesis and sperms from most of the seminiferous tubules (ds; H&E x 160). (d) Testicular cross sec-
tions from DBP (600 mg/kg/day)-challenged rats showing necrosis in some of seminiferous tubules (ns; H&E x80). H&E:
hematoxylin and eosin; DBP: dibutyl phthalate.
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This study also exhibited decrease in testicular
LDH activity in DBP-treated animals. LDH, a testicu-
lar germ cell marker enzyme, is the most active form
of enzyme present in the mature sperm (Kumar et al.,
2013). The spermatozoa require LDH for necessary
metabolic activity during passage from testis to the
site of fertilization in the oviduct (Mahi-Brown
et al., 1990). Lactate is one of the compounds pro-
duced by the Sertoli cells and utilized primarily by the
germ cells for ATP production in the mitochondrial
oxidative phosphorylation (Riera et al., 2001). It is
considered that testicular organs need great energy
to continuously maintain spermatogenesis. Lactate
deficiency induced apoptosis of testicular germ cells
(Erkkila et al., 2002). The reduction in the LDH activ-
ity observed in the testis may contribute to low sper-
matozoa motility due to insufficient ATP generation
(Adedara and Farombi, 2012). The alteration of lac-
tate content in the testes has been attributed to pertur-
bation in the hormonal control and supply (Yamamato
et al., 2007). Further, the decreased activity of LDH
enzyme in DBP-administered animals represents inhi-
bition of spermatogenesis (Abarikwu et al., 2012).

Reactive oxygen species (ROS) is now well estab-
lished to regulate normal sperm function; however,
overproduction of ROS may result in oxidative stress
causing significant adverse impact on semen quality
and male fertility (Prakash et al., 2001; Shukla
et al., 2009). The decreased activity of testicular anti-
oxidants caused by DBP, together with increased LPO
may explain the decreased T-AOC. This finding indi-
cates that DBP induced oxidative stress in rat testes
with remarkably increased MDA concentration,
which may be due to ROS overproduction (Aitken
and Baker, 2002). Plasma membranes of the sperms
have a high content of polyunsaturated fatty acid;
hence, they are highly sensitive to oxidative stress and
LPO (Lenzi et al., 2000). LPO has been shown to be
associated with reduction in sperm mobility, viability,
and count (Kao et al., 2008). High levels of ROS are
associated with poor sperm quality because ROS
induce excessive apoptosis of spermatogenic cells and
sperm by disrupting the inner and outer mitochondrial
membranes or affecting the balance between pro- and
antiapoptosis systems (Agarwal et al., 2003). The risk
of oxidative damage from LPO is especially high for
steroid-synthesizing tissues because these tissues, in
addition to oxidative phosphorylation, use molecular
oxygen for steroid biosynthesis (Murugesan et al.,
2008). In this study, the declined serum testosterone
level was accompanied by oxidative stress as evident

by increased LPO. ROS can damage critical compo-
nents of the steroidogenic pathway in Leydig cells,
including steroidogenic acute regulatory protein (Die-
mer et al., 2003) and cytochrome P450 enzymes
(Georgiou et al., 1987).

To prevent peroxidation of membrane lipids during
conditions of elevated ROS, the rat testis has several
antioxidant enzymes that scavenge and metabolize
these free radicals (Peltola et al., 1992; Sikka,
2004). Among the antioxidant defense of testis, SOD,
CAT, and GR are the first and most important lines of
defense (Ourique et al., 2013). The increase in LPO
was accompanied by concomitant decrease in the
activities of antioxidant enzymes SOD, CAT, and
GR. In mammalian testis, SOD plays a major role in
male germ cell protection as well as differentiation
(Bauche et al., 1994; Peltola et al., 1992). SOD cata-
lyzed the dismutation of O,*” into H,O,, which is
then degraded to water by the activity of CAT
(Schmatz et al., 2012). A decrease in the activities
of CAT may lead to an excess availability of H,O,,
which in turn generates OH®, resulting in the initiation
and propagation of LPO (Schmatz et al., 2012). GR
mediates the reduction of oxidized GSSG to GSH,
which utilizes NADPH (Bray and Taylor, 1993). The
decreased activity of this enzyme in the testis may be
an important factor for the depletion of GSH contents.
Further, these results were well substantiated by
marked alteration in the histopathological examina-
tion of testis. DBP treatment provoked degeneration
with absence of spermatogenic series in the lumen
of some seminiferous tubules, degeneration with
absence of spermatogenesis and sperms from most
of the seminiferous tubules, and necrosis in some of
seminiferous tubules. We have observed in our study
in parallel with the study by many researchers that the
main target of phthalate esters is seminiferous tubules
in rat testis (National Toxicology Program, 2003).
Moreover, there was a dysfunction of Leydig cells,
a significant decrease in the levels of testosterone,
falling of gametes, and atrophy of the seminiferous
tubules in rats treated with DBP (Mylchreest et al.,
2002). Further, Giillen Unal et al. (2013) reported
apparent atrophy and deformity in the seminiferous
tubules of DBP-treated rats. It has been found that the
first targets of DBP are Leydig and Sertoli cells (Shir-
ota et al., 2005), which may explain the degeneration
and necrosis in some of seminiferous tubules
observed in DBP-treated rats. These histopathological
changes in the testis may be due to ROS generated in
the testis and thus affect gonadal functions. The
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decreased serum testosterone may have caused sperm
and histopathological anomalies.

In summary, DBP induced decrease in testes
weight, impairment of spermatogenesis, reduced
serum FSH and testosterone level, altered testicular
LDH, increased LPO, and decreased the levels
of enzymatic antioxidants with histopathological
anomalies. These results indicated that oxidative
stress and subsequent decrease in testosterone secre-
tion were the potential underlying mechanism of
DBP-induced testicular toxicity.

Funding

This project was funded by the Deanship of Scientific
Research (DSR), King Abdulaziz University, Jeddah, Saudi
Arabia, under grant no. 243/166/1433. The authors, there-
fore, acknowledge with thanks to DSR technical and finan-
cial support.

References

Abarikwu SO, Otuechere CA, Ekor M, et al. (2012) Rutin
ameliorates cyclophosphamide-induced reproductive
toxicity in male rats. Toxicology International 19(2):
207-214.

Adedara IA, Farombi EO (2012) Chemoprotection of ethy-
lene glycol monoethyl ether-induced reproductive toxi-
city in male rats by kolaviron, isolated biflavonoid from
Garcinia kola seed. Human and Experimental Toxicol-
ogy 31(5): 506-517.

Adesiyan AC, Oyejola TO, Abarikwu SO, et al. (2011)
Selenium provides protection to the liver but not the
reproductive organs in an atrazine-model of experimen-
tal toxicity. Experimental Toxicology and Pathology
63(3): 201-207.

Aebi H (1984) Catalase in vitro. Enzymology 105: 121-126.

Agarwal A, Saleh RA and Bedaiwy MA (2003) Role of
reactive oxygen species in the pathophysiology of
human reproduction. Fertility and Sterility 79(4):
829-843.

Aitken RJ, Baker MA (2002). Reactive oxygen species
generation by human
enigma. [International Journal of Andrology 25(4):
191-194.

Al-Thani RK, Al-Thani AS, Elbeticha A, et al. (2003).
Assessment of reproductive and fertility effects of ami-
traz pesticide in male mice. Toxicology Letters 138(3):
253-260.

Aly HA, Azhar AS (2013) Methoxychlor induced biochem-
ical alterations and disruption of spermatogenesis in
adult rats. Reproductive Toxicology 40: 8-15.

spermatozoa: a continuing

Amann RP (1970) The male rabbit IV. Quantitative testicu-
lar histology and comparisons between daily sperm pro-
duction as determined histologically and daily sperm
output. Fertility and Sterility 21(9): 662—672.

Banchroft JD, Stevens A and Turner DR (1996) Theory and
practice of histological techniques, Fourth edition. New
York: Churchill Livingstone, pp. 1-88.

Barlow NI, Phillips SL, Wallace DG, et al. (2003) Quanti-
tative changes in gene expression in fetal rat testes
following exposure to di(n-butyl) phthalate. Toxico-
logical Sciences 73(2): 431-441.

Bauche F, Fouchard MH and Jegou B (1994) Antioxidant
system in rat testicular cells. FEBS Letters 349(2):
392-396.

Bian Q, Qian J, Xu L, et al. (2006) The toxic effects of
4-tert-octylphenol on the reproductive system of male
rats. Food and Chemical Toxicology 44(8): 1355-1361.

Bradford MM (1976) A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Bio-
chemistry 72: 248-254.

Bray TM, Taylor CG (1993) Tissue glutathione, nutrition,
and oxidative stress. Canadian Journal Physiology
Pharmacology 71(9): 746-751.

Buege JA, Aust SD (1976) Lactoperoxidase catalyzed lipid
peroxidation of microsomal and artificial membranes.
Biochimica et Biophysica Acta 444(1): 192-201.

De Gendt K, Swinnen JV, Saunders PT, et al. (2004) A
Sertoli cell-selective knockout of the androgen receptor
causes spermatogenic arrest in meiosis. Proceedings of
the National Academy of Sciences of the United States
of America 101(5): 1327-1332.

De Lamirande E, Gagnon C (1992) Reactive oxygen spe-
cies and human spermatozoa. 1. Effects on the motility
of intact spermatozoa and on sperm axonemes; and II.
Depletion of adenosine triphosphate plays an important
role in the inhibition of sperm motility. Journal of
Andrology 13(5): 368-386.

Diemer T, Allen JA, Hales KH, et al. (2003) Reactive oxygen
disrupts mitochondria in MA-10 tumor Leydig cells and
inhibits steroidogenic acute regulatory (StAR) protein and
steroidogenesis. Endocrinology 144(7): 2882-2891.

Dirican EK, Kalender Y (2012) Dichlorvos-induced testi-
cular toxicity in male rats and the protective role of vita-
mins C and E. Experimental Toxicology and Pathology
64(7-8): 821-830.

Dokmeci D (2005) Oxidative stress, male infertility and the
role of carnitines. Folia Medica (Plovdiv) 47(1): 26-30.

Erkkila K, Aito H, Aalto K, et al. (2002) Lactate inhibits
germ cell apoptosis in human testes. Molecular Human
Reproduction 8(2): 109-117.

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 12, 2016


http://tih.sagepub.com/

Aly et al.

Ge RS, Chen GR, Tanrikut C, et al. (2007) Phthalate ester
toxicity in Leydig cells: developmental timing and dosage
considerations. Reproductive Toxicology 23(3): 366-373.

Georgiou M, Prekins LM and Payne AH (1987) Steroid
synthesis dependent oxygen-mediated damage of mito-
chondrial and microsomal cytochrome P-450 enzymes
in rat Leydig cell cultures. Endocrinology 121(4):
1390-1399.

Goldman JM, Rehnberg GL, Cooper RL, et al. (1989)
Effects of the benomyl metabolite, carbendazim on the
hypothalamic-pituitary reproductive axis in the male rat.
Toxicology 57(2): 173-182.

Gray TJ, Gangolli SD (1986) Aspects of the testicular toxi-
city of phthalate esters. Environmental Health Perspec-
tives 65: 229-235.

Gray LE, Laskey J and Ostby J (2006) Chronic di-n-butyl
phthalate exposure in rats reduces fertility and alters ovar-
ian function during pregnancy in female Long Evans
hooded rats. Toxicological Sciences 93(1): 189—195.

Guerra MT, Scarano WR, de Toledo FC, et al. (2010)
Reproductive development and function of female rats
exposed to DBP in utero and during lactation. Reproduc-
tive Toxicology 29(1): 99—105.

Giillen Unal S, Take G, Erdogan D, et al. (2013) The effect
of di-n-butyl phthalate on testis and the potential protec-
tive effects of resveratrol. Toxicology and Industrial
Health. Epub ahead of print 27 November 2013, doi:
10.1177/0748233713512364.

Heudorf U, Mersch-Sundermann V and Angerer J (2007)
Phthalates: toxicology and exposure. [nternational
Journal of Hygiene and Environmental Health 210(5):
623-634.

Hirosawa N, Yano K, Suzuki Y, et al. (2006) Endocrine
disrupting effect of di-(2-ethylhexyl) phthalate on
female rats and proteome analyses of their pituitaries.
Proteomics 6(3): 958-971.

Ihsan A, Wang X, Liu Z, et al. (2011) Long-term mequin-
dox treatment induced endocrine and reproductive toxi-
city via oxidative stress in male Wistar rats. Toxicology
and Applied Pharmacology 252(3): 281-288.

Kao SH, Chao HT, Chen HW, et al. (2008). Increase of oxi-
dative stress in human sperm with lower motility. Ferti-
lity and Sterility 89(5): 1183-1190.

Kumar BA, Reddy AG, Kumar PR, et al. (2013) Protective
role of N-acetyl L-cysteine against reproductive toxicity
due to interaction of lead and cadmium in male Wistar
rats. Journal of Natural Science Biology and Medicine
4(2): 414-419.

Lenzi A, Gandini L, Maresca V, et al. (2000) Fatty acid
composition of spermatozoa and immature germ cells.
Molecular Human Reproduction 6(3): 226-231.

Ma XM, Lightman SL (1998) The arginine vasopressin and
corticotrophin releasing hormone gene transcription
responses to varied frequencies of repeated stress in rats.
Journal of Physiology 510(Pt 2): 605-614.

Mahi-Brown CA, VandeVoort CA, McGuinness RP, et al.
(1990) Immunization of male but not female mice with
the sperm-specific isozyme of lactate dehydrogenase
(LDH-C4) impairs fertilization in vivo. American Jour-
nal of Reproductive Immunology 24(1): 1-8.

McFarland VA, Inouye LS, Lutz CH, et al. (1999) Biomar-
kers of oxidative stress and genotoxicity in livers of
field-collected brown bullhead Ameiurus nebulosus.
Archives of Environmental Contamination and Toxicol-
ogy 37(2): 236-241.

Meehan T, Schlatt S, O’Bryan MK, et al. (2000) Regulation
of germ cell and Sertoli cell development byactivin, fol-
listatin, and FSH. Developmental Biology 220(2):
225-237.

Miller NJ, Rice-Evans C, Davies MJ, et al. (1993) A novel
method for measuring antioxidant capacity and its appli-
cation to monitoring the antioxidant status in premature
neonates. Clinical Science 84(4): 407—412.

Multinger L, Thonneau P, Ducot B, et al. (1996) Pesticides
and male fertility: current knowledge and epidemiologi-
cal approach. In: Hamamah S and Mieusset R (eds)
Research in Male Gametes Production and Quality.
Paris: IN-SERM, pp. 159-165.

Murugesan P, Muthusamy T, Balasubramanian K, et al.
(2008) Polychlorinated biphenyl (Aroclor 1254) inhibits
testosterone biosynthesis and antioxidant enzymes in
cultured rat Leydig cells. Reproductive Toxicology
25(4): 447-454.

Mylchreest E, Sar M, Wallace DG, et al. (2002) Fetal tes-
tosterone insufficiency and abnormal proliferation of
Leydig cells and gonocytes in rats exposed to di(n-butyl)
phthalate. Reproductive Toxicology 16: 19-28.

Nair R, Shaha C (2003) Diethylstilbestrol induces rat sper-
matogenic cell apoptosis in vivo through increased
expression of spermatogenic cell Fas/FasL system.
Journal of Biological Chemistry 278(8): 6470-6481.

Nair N, Bedwal S, Kumari D, et al. (2008) Effect on his-
tological and sperm kinetics in DBP exposed Wistar
rats. Journal of Environmental Biology 29(5):
769-772.

Narayana K, D’Souza UJ and Seetharama Rao KP (2002)
Ribavirin-induced sperm shape abnormalities in Wistar
rat. Mutation Research 513(1-2): 193—196.

National Toxicology Program (2003) NTP-CERHR mono-
graph on the potential human reproductive and develop-
mental effects of di-n-butyl phthalate (DBP). NTP
CERHR MON (4): i-11190.

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 12, 2016


http://tih.sagepub.com/

10

Toxicology and Industrial Health

Nilsson R (2000) Endocrine modulators in the food chain
and environment. Toxicologic Pathology 28(3): 420-431.

Nordkap L, Joensen UN, Blomberg Jensen M, et al. (2012)
Regional differences and temporal trends in male repro-
ductive health disorders: semen quality may be a sensi-
tive marker of environmental exposures. Molecular and
Cellular Endocrinology 355(2): 221-230.

Noriega NC, Howdeshell KL, Furr J, et al. (2009)
Pubertal administration of DEHP delays puberty, sup-
presses testosterone production, and inhibits repro-
ductive tract development in male Sprague-Dawley
and Long-Evans rats. Toxicological Sciences 111(1):
163-178.

O’Shaughnessy PJ, Verhoeven G, De Gendt K, et al. (2010)
Direct action through the Sertoli cells is essential for
androgen stimulation of spermatogenesis. Endocrinol-
ogy 151(5): 2343-2348.

Ourique GM, Finamor IA, Saccol EM, et al. (2013) Resver-
atrol improves sperm motility, prevents lipid peroxida-
tion and enhances antioxidant defences in the testes of
hyperthyroid rats. Reproductive Toxicology 37: 31-39.

Oynagui Y (1984) Reevaluation of assay methods and
establishment of kit for superoxide dismutase. Analyti-
cal Biochemistry 142(2): 290-296.

Peltola V, Huhtaniemi I and Ahotupa M (1992) Antioxi-
dant enzyme activity in the maturing rat testis. Journal
of Andrology 13(5): 450-455.

Plant TM, Marshall GR (2001) The functional significance
of FSH in spermatogenesis and the control of its secretion
in male primates. Endocrine Reviews 22(6): 764—786.

Prakash D, Niranjan A and Tewari SK (2001) Some nutri-
tional properties of the seeds of three Mucuna pruriens
species. International Journal of Food Sciences and
Nutrition 52(1): 79-82.

Riera MF, Meroni SB, Gomez GE, et al. (2001) Regulation
of lactate production by FSH, IL1 beta and TNF alpha in
rat Sertoli cells. General and Comparative Endocrinol-
ogy 122(1): 88-97.

Scarano WR, Toledo FC, Guerra MT, et al. (2010) Func-
tional and morphological reproductive aspects in male
rats exposed to di-n-butyl phthalate (DBP) in utero and
during lactation. Journal of Toxicology and Environ-
mental Health-Part A 73(13-14): 972-984.

Schettler T (2006) Human exposure to phthalates via con-
sumer products. International Journal of Andrology.
29(1): 134-139.

Schmatz R, Perreira LB, Stefanello N, et al. (2012). Effects
of resveratrol on biomarkers of oxidative stress and on
the activity of delta aminolevulinic acid dehydratase in
liver and kidney of streptozotocin induced diabetic rats.
Biochimie 94(2): 1-10.

Scott HM, Hutchison GR, Jobling MS, et al. (2008) Rela-
tionship between androgen action in the “Male Pro-
gramming Window,” fetal Sertoli cell number, and
adult testis size in the rat. Endocrinology 149(10):
5280-5287.

Senger PL (1999) Endocrinology of the male and sperma-
togenesis. In: Senger PL (ed) In the pathways to preg-
nancy and parturition. Moscow, Russia: The Mack
Printing Group—Science Press, pp. 168—186.

Shirota M, Saito Y, Imai K, et al. (2005) Influence of di- (2-
ethylhexyl)phthalate on fetal testicular development by
oral administration to pregnant rats. Journal of Toxico-
logical Sciences 30: 175-194.

Shukla KK, Mahdi AA, Ahmad MK, et al. (2009) Mucuna
pruriens improves male fertility by its action on the
hypothalamus pituitary-gonadal axis. Fertility and Steri-
lity 92(6): 1934-1940.

Sikka SC (2004) Role of oxidative stress and antioxidants
in andrology and assisted reproductive technology.
Journal of Andrology 25(1): 5-18.

Steinberger E (1975) Hormonal regulation of the semini-
ferous tubule function. In: French FS, Hansson V,
Ritzen EM and Neyfeh SN (eds) Hormonal regula-
tion of spermatogenesis. New York: Plenum Press,
pp. 337-352.

Swan SH (2008) Environmental phthalate exposure in rela-
tion to reproductive outcomes and other health end-
points in humans. Environmental Research 108(2):
177-184.

Swan SH, Elkin EP (1999) Declining semen quality: can
the past inform the present? BioEssays 21(7): 614-621.

Tahka KM (1989) Local control mechanisms in the testis.
International Journal of Developmental Biology 33(1):
141-148.

Vaithinathan S, Saradha B and Mathur PP (2010) Methoxy-
chlor apoptosis
FasL-mediated pathways in adult rat testis. Chemico-
Biological Interactions 185(2): 110-118.

Wang XJ, Zhang YM and Cui JS (2004) Study of effects of
lead acetate on reproductive function in male mice. Chi-
nese Journal of Industrial Medicine 17: 237-239.

Willems A, De Gendt K, Allemeersch J, et al. (2010) Early
effects of Sertoli cell-selective androgen receptor abla-
tion on testicular gene expression. International Journal
of Andrology 33(3): 507-517.

Wong EW, Cheng CY (2011) Impacts of environmental
toxicants on male reproductive dysfunction. Trends in
Pharmacological Sciences 32(5): 290-299.

Wyrobek AJ, Gordon LA, Burkhart JG, et al. (1983) An
evaluation of mouse sperm morphology test and other
sperm tests in non-human mammals. A report of the

induces via mitochondria- and

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 12, 2016


http://tih.sagepub.com/

Aly et al. I

U.S. Environmental Protection Agency Gene-Tox Pro- Yokoi K, Uthus EO and Nielsen FH (2003) Nickel defi-

gram. Mutation Research 115(1): 1-72. ciency diminishes sperm quantity and movement in rats.
Xiaofeng Z, Naiqgiang Q, Jing Z, et al. (2009) Di(n- Biological Trace Element Research 93(1-3): 141-153.
butyl)phthalate inhibits testosterone synthesis through Zhou D, Wang H and Zhang J (2011) Di-n-butyl phthalate
a glucocorticoid-mediated pathway in rats. International (DBP) exposure induces oxidative stress in epididymis
Journal of Toxicology 28(5): 448-456. of adult rats. Toxicology and Industrial Health 27(1):

Yamamato T, Horii I and Yoshida T (2007) Integrated 65-71.
NMR-based metabonomic investigation of early meta- Zhou D, Wang H, Zhang J, et al. (2010) Di-n-butyl phtha-

bolic effects of ethylene glycol monomethyl ether late (DBP) exposure induces oxidative damage in testes
(EGME) on male reproductive organs in rats. Journal of adult rats. Systems Biology in Reproductive Medicine
of Toxicological Sciences 32(5): 515-528. 56(6): 413-419.

Downloaded from tih.sagepub.com at PENNSYLVANIA STATE UNIV on September 12, 2016


http://tih.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


