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Bi-n-butyl phthalate (BNBP) is an environmental pollutant. The aim of this study was to evaluate the
protective effect of lipoic acid (LA) against testicular dysfunction associated with the intake of to
BNBP- intoxicated rats. Adult male Wistar rats were divided into 4 groups of 6 animals each, and received
medication orally for 14 days. Group I rats received 0.5 ml corn oil. Group II rats received LA (20 mg/
kg B.W./day). Group III rats received BNBP (250 mg/kg B.W./day). Group IV rats received LA 24 h prior

Keywords: to BNBP intake. Testes weight, cauda sperm count and sperm motility were decreased significantly by
ﬁll;r;i-lcu;tgi/(ljphthalate 18.15%, 13.83% and 13.5%, respectively, after BNBP treatment. Significant increase by 12.1%, 10.20%
Antioxidant and 11.51%, respectively, was observed in LA-BNBP rats. Significant increase by 1.53%, 1.5% and 1.8%,
Testes for serum follicle stimulating hormone, testosterone and total antioxidant status, respectively, were

observed in LA-BNBP rats. Testicular lipid peroxides and lactate dehydrogenase enzyme were signifi-
cantly decreased by 1.5 and 1.6 folds, respectively, in LA-BNBP rats were decreased after BNBP treatment.
Testicular superoxide dismutase, catalase and glutathione reductase enzymes were significantly
increased in LA-BNBP rats. LA-BNBP rats, decreased the damage to seminiferous tubules produced by
BNBP intake. In conclusion, LA mitigated BNBP-induced testicular toxicity through antioxidant
mechanism and by direct free radical scavenging activity.

Oxidative stress

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Bi-n-butyl phthalate (BNBP) is an environmental pollutant,
extensively used as a plasticizer in many products (ATSDR, 2001).
As a result of the ubiquitous use of BNBP in personal care and con-
sumer products, human exposure is widespread. Exposure through
ingestion, inhalation and dermal contact are considered important
routes of exposure for the general population (Rudel et al., 2003).
Upon exposure, BNBP is rapidly metabolized and excreted in urine
and feces (ATSDR, 2002; Silva et al., 2004). Upon exposure,
phthalates are rapidly metabolized in humans to their respective
monoesters, which can be further metabolized to oxidative
products of their lipophilic aliphatic side chain. Monoesters and
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the oxidative metabolites of phthalates may be free or conjugated
as glucuronides excreted in urine and feces (Latini et al., 2005). The
acute toxicity of BNBP is relatively low with oral LDsqy values of
8-20 gm/kg body weight in rats and 5-16 gm/kg body weight in
mice (IPCS, 1997), however, long-term exposure to low doses of
DBP in utero has been shown to induce serious impairment of
the early reproductive (Gray et al., 1982; Wine et al., 1997;
Foster et al., 2001) and neural development (Shiota et al., 1980;
Shiota and Nishimura, 1982) in animals.

Although phthalate testicular toxicity has been recognized since
1945, the primary cellular targets of the phthalates remains elusive
and the mechanisms responsible for the loss of germ cells after
their exposure are still understood. Some studies have shown that,
BNBP has potential testicular toxicity (Zhou et al., 2010). However,
the mechanism of action of BNBP on male reproduction is not fully
understood. Male rat fetus exposed to BNBP develops a number of
reproductive tract abnormalities, including underdeveloped or
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absent reproductive organs, cryptorchidism, retained nipples and
decreased sperm production (Barlow et al., 2004). The fetal testes
of BNBP-exposed males are characterized by abnormal, poorly
formed seminiferous cords containing multinucleated gonocytes
(Creasy et al., 1983).

a-Lipoic acid (LA; 1,2-dithiolane-3-pentanoic acid), which plays
an essential role in mitochondrial dehydrogenase reactions, is
present in all kinds of prokaryotic and eukaryotic cells and has
gained considerable attention as an antioxidant (Biewenga et al.,
1997). Free LA has not been detected in human beings because it
is bound to proteins. LA has used as therapeutic agent against
atherosclerosis, rheumatism, AIDS, hepatic injury and diabetic
polyneuritis (Packer et al., 1995; El-Beshbishy, 2007). LA protected
against inflammation associated with tumor and ulcer (Packer
et al., 1995; Ho et al., 2007). After therapeutic applications, free
LA can be found in the circulation (Teichert and Preiss, 1995). LA
characterized by high reactivity toward free radicals and its
capability of increasing tissue levels of reduced glutathione and
reducing the oxidative stress by decreasing significantly the forma-
tion of lipid peroxides (LPOs) and restoring the normal antioxidant
enzymes profile (EI-Beshbishy et al., 2011).

This study was conducted in order to investigate testicular
toxicity and oxidative stress state associated with the intake of
LA to BNBP-testicular intoxicated rats. The measured parameters
included absolute testes weight, cauda sperm count, sperm motil-
ity, serum follicle stimulating hormone (FSH), serum testosterone
and serum total antioxidant status (TAS). Also, testicular lactate
dehydrogenase (LDH) enzyme, lipid peroxides (LPOs), antioxidant
enzymes such as glutathione reductase (GR), catalase (CAT) and
superoxide dismutase (SOD) were estimated.

2. Materials and methods
2.1. Chemicals and kits

BNBP (oily liquid) and LA (white powder) were purchased from Sigma-Aldrich
chemical company (St. Louis, MO, USA). The testosterone and FSH enzyme
immunoassay kits were purchased from ALPCO Diagnostics (NH, USA) and
BioVendor-Laboratorni medicina a.s. (Karasek, Czech Republic), respectively. The
total antioxidant kit was purchased from Randox Laboratories Ltd. (Co. Antrim,
UK). All other chemicals used in this study were of the highest available grades.

2.2. Animals

Adult male Wistar rats weighing 170 + 10 g were housed in clean polypropylene
cages and maintained on a 12 h light/dark cycle and a temperature of 20-25 °C with
ad libitum access to food and water. For 7 days before the experiment, rats were
handled daily for 5 min to acclimate them to human contact and minimize their
physiological responses to handling for subsequent protocols (Ma and lightman,
1998). Animal care and procedures were in accordance with the European
Communities Council Directive (86/609/ECC), R.D. 223/1988, and were approved
by the local Medical Ethics Committee - Faculty of Applied Medical Sciences, Taibah
University, Madinah, Saudi Arabia (protocol number AMS-296/1/14).

2.3. Experimental protocol
The animals were randomly divided into 4 groups consisting of 6 animals each.

e Group I rats served as normal control received 0.5 ml corn oil orally for 14
successive days.

e Group Il rats served as drug control group and the dose of LA used in this study
was 20 mg/kg body weight/day in 0.5 ml corn oil, orally for 14 successive days
(El-Beshbishy, 2007; Bist and Bhatt, 2010).

e Group III rats treated with BNBP diluted with corn oil (250 mg/kg body weight/
day) orally for 14 successive days (Chen et al., 2011).

e Group IV rats received LA 24 h prior to the administration of BNBP, orally for 14
successive days.

After termination of treatment, animals were killed after deeply anesthetized
with 20% urethane. Blood was via the femoral artery and serum was obtained after
centrifugation at 10,000 rpm for 8 min and stored at —80 °C till the time of TAS, FSH
and testosterone analysis. The testes and epididymis were quickly removed and
weighed. The right testis were used for histopathological sectioning. The left epidid-

ymides were separated for sperm evaluation and left testes were blotted and dried
after washing with ice-cold physiological saline and stored at —80 °C till homoge-
nate preparation.

2.4. Cauda sperm count and sperm motility

Cauda epididymides were dissected out, immediately minced in 5 ml of physi-
ological saline and then incubated at 37 °C for 30 min to allow spermatozoa to
leave. The percentage of motile sperm was recorded using a phase contrast micro-
scope at 400x magnification power. Total sperm count was determined by using a
Neubauer® hemocytometer as previously described (Yokoi et al., 2003).

2.5. Preparation of testicular homogenate

Each sample was ice-thawed and homogenized (10% w/v) using the
BulletBlender® homogenizer (Next Advance Inc., NY, USA) in 25ml saline-
merthiolate—triton (SMT) buffer and centrifuged at 20,000 rpm for 2 min at 4 °C
to obtain the testicular homogenate supernatant (Blazak et al., 1993).

2.6. Protein measurement

Protein content of the testicular homogenate was measured using crystalline
bovine serum albumin as standard (Bradford, 1976).

2.7. Assay of biochemical parameters

2.7.1. Determination of serum TAS

20 pl of serum was incubated in a cuvette with 1 ml of chromogen composed of
610 mmol/L of 2,2’-azino-di-(ethylbenzthiazoline sulphonate) and 6.1 mmol/L of
metmyoglobin. The reactants were mixed well and the initial absorbance (A;)
was recorded. Then, the substrate was added (200 pl of mmol/L H,0,). The contents
were mixed well and the absorbance was recorded after 3 min (A,). The AA was cal-
culated for each of the sample and blank (Miller et al., 1993). The TAS was calcu-
lated using the following equation:

TAS(mmol/L) = factor x (AApjank — AAsample)
Factor = concentration of standard/(AApjank — AAstandard)

2.7.2. Determination of serum FSH and testosterone hormones
Determination of serum FSH (ng/ml) and testosterone (ng/ml) was carried out
using enzyme immunoassay diagnostic Kits.

2.7.3. Determination of testicular lactate dehydrogenase (LDH) enzyme
The testicular homogenate was used to estimate LDH enzyme (U/mg protein)
spectrophotometrically using diagnostic kit.

2.7.4. Determination of testicular lipid peroxides (LPOs)

A1 ml 1% H3PO4 and 1 ml 6.0% MDA in 0.25 M HCl were added to 0.5 ml of tes-
ticular homogenate. The assay mixture was shaken and heated on a boiling water
bath for 45 min. After cooling, 4 ml of n-butanol was added to the mixture with
shaking. After separation the n-butanol layer by centrifugation at 6000 rpm for
15 min, the difference between two optical densities (535 and 520 nm) was
recorded. The LPOs was expressed as pmol MDA equivalent formed/mg protein
(Buege and Aust, 1978).

2.7.5. Determination of testicular glutathione reductase (GR) enzyme

The testicular GR activity was measured by mixing 0.1 ml testicular homoge-
nate with 1 ml of 0.2 M sodium phosphate buffer, 1 mM GSSG and 0.1 mM nicotin-
amide adenine dinucleotide phosphate (NADPH). The absorbance was recorded at
340 nm. The enzyme activity was calculated as nmol NADPH oxidized/min/mg pro-
tein (McFarland et al., 1999).

2.7.6. Determination of testicular catalase (CAT) enzyme

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 testicular homogenate and the absorbance was recorded at
240 nm after 3 min. One CAT unit is defined as the amount of H,0, converted into
H,0 and %40, in 1 min under standard conditions and the specific activity is
reported as pmol H,0, consumed/min/mg protein (Aebi, 1984).

2.7.7. Determination of testicular superoxide dismutase (SOD) enzyme

The xanthine oxidase method was used to measure the testicular homogenate
SOD activity using purified bovine erythrocyte SOD (5000 U/mg solid) as a standard.
The reaction between 50 mM xanthine, 50 mM xanthine oxidase 1000U and
0.1 mM EDTA was used to generate superoxide radicals and uric acid at pH 7.8.
The superoxide radicals produced reacted with 50 mM NBT to produce a red forma-
zan dye that was measured spectrophotometrically at 250 nm. The SOD present in
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the sample (0.1 ml testicular homogenate) competes with the NBT for superoxide
radicals and so inhibits the production of formazan dye. The SOD activity was
expressed as U/mg of protein (Oynagui, 1984).

2.8. Histopathological studies

For the histopathological observations at light microscopic level, fresh testes
were immersed and fixed in 10% formalin saline. Following an overnight fixation,
the specimens were dehydrated in ascending grades of alcohol, cleared in benzene
and embedded in paraffin wax. The tissues were then cutted into 4 um thick sec-
tions, stained with hematoxylin/eosin (H&E) stain and examined by light micros-
copy using x40 magnification power (Banchraft et al., 1996).

2.9. Statistical analysis

Results were reported as mean + SEM. Statistical analysis was performed using
one-way analysis of variance (ANOVA). All statistical analyses were performed
using GraphPad InStat 3 (GraphPad Software, Inc. La Jolla, CA, USA) software.
Graphs were sketched using GraphPad Prism version 4 software (GraphPad
Software, Inc. La Jolla, CA, USA). In all cases, P < 0.05 was considered significant.

3. Results

3.1. Effect on testes weight, cauda sperm count, sperm motility
percentage

The weight of testes (gm) decreased significantly by —18.15%
(p <0.05) after BNBP treatment, compared to normal control rats.
In contrary, a significant increase by +12.1% (p < 0.05) in the testes
weight was observed in rats administered LA prior to BNBP, com-
pared to BNBP-intoxicated rats (Fig. 1A). The cauda sperm count
(x108/rat) decreased significantly by —13.83% (p < 0.05) after BNBP
treatment, compared to normal control rats. In contrary, a signifi-
cant increase by +10.20% (p <0.05) in cauda sperm count was
observed in rats administered LA prior to BNBP, compared to
BNBP-intoxicated rats (Fig. 1B). The sperm motility percentage
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decreased significantly by —13.50% (p<0.05) after BNBP
treatment, compared to normal control rats. In contrary, a signifi-
cant increase by +11.51% (p < 0.05) in sperm motility percentage
was observed in rats administered LA prior to BNBP, compared to
BNBP-intoxicated rats (Fig. 1C).

3.2. Effect on serum FSH and testosterone hormones

The serum FSH (ng/ml) decreased significantly by 2.6 folds
(p <0.05) after BNBP treatment, compared to normal control rats.
In contrary, a significant increase by +65.20% (p < 0.05) in serum
FSH was observed in rats administered LA prior to BNBP, compared
to BNBP-intoxicated rats (Fig. 2A). The serum testosterone (ng/ml)
decreased significantly by —66.90% (p <0.05) after BNBP treat-
ment, compared to normal control rats. In contrary, a significant
increase by 1.4 folds (p < 0.05) in serum testosterone was observed
in rats administered LA prior to BNBP, compared to BNBP-intoxi-
cated rats (Fig. 2B).

3.3. Effect on serum TAS

The serum TAS (mmol/L) decreased significantly by 2.5 folds
(p < 0.05) after BNBP treatment, compared to normal control rats.
In contrary, a significant increase by 1.8 folds (p < 0.05) in serum
TAS was observed in rats administered LA prior to BNBP, compared
to BNBP-intoxicated rats (Fig. 3A).

3.4. Effect on testicular LPOs and LDH enzyme

The testicular LPOs (pumol MDA equivalent formed/mg protein)
increased significantly by 2 folds (p < 0.05) after BNBP treatment,
compared to normal control rats. In contrary, a significant decrease
by 1.5 folds (p <0.05) in testicular LPOs was observed in rats
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Fig. 1. Influence of co-administration of LA and BNBP on (A) absolute testes weight (gm), (B) cauda sperm count (x10%/rat) and (C) sperm motility (%). Values represent the
mean + SEM (n = 6). ‘Significantly different from the NC group at p < 0.05. *Significantly different from BNBP-treated group at p < 0.05. LA: a-lipoic acid; BNBP: bi-n-butyl

phthalate; NC: normal control.
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Fig. 2. Influence of co-administration of LA and BNBP on serum (A) FSH (ng/ml) and
(B) testosterone (ng/ml). Values represent the mean +SEM (n =6). ‘Significantly
different from the NC group at p < 0.05. *Significantly different from BNBP-treated
group at p < 0.05. FSH: follicle stimulating hormone; LA: a-lipoic acid; BNBP: bi-n-
butyl phthalate; NC: normal control.

administered LA prior to BNBP, compared to BNBP-intoxicated rats
(Fig. 3B). The testicular LDH (U/mg protein) increased significantly
by 3.4 folds (p < 0.05) after BNBP treatment, compared to normal
control rats. In contrary, a significant decrease by 1.6 folds
(p <0.05) in testicular LDH was observed in rats administered LA
prior to BNBP, compared to BNBP-intoxicated rats (Fig. 3C).

3.5. Effect on testicular SOD, CAT and GR enzymes

The testicular SOD (U/mg protein) decreased significantly by 1.6
folds (p < 0.05) after BNBP treatment, compared to normal control
rats. In contrary, a significant increase by 1.4 folds (p < 0.05) in tes-
ticular SOD was observed in rats administered LA prior to BNBP,
compared to BNBP-intoxicated rats (Fig. 3A). The testicular CAT
(umol H,0, consumed/min/mg protein) decreased significantly
by 2 folds (p <0.05) after BNBP treatment, compared to normal
control rats. In contrary, a significant increase by 1.8 folds
(p <0.05) in testicular CAT was observed in rats administered LA
prior to BNBP, compared to BNBP-intoxicated rats (Fig. 4B). The
testicular GR (pmol NADPH oxidized/min/mg protein) decreased
significantly by 1.6 folds (p < 0.05) after BNBP treatment, compared
to normal control rats. In contrary, a significant increase by 1.4
folds (p < 0.05) in testicular GR was observed in rats administered
LA prior to BNBP, compared to BNBP-intoxicated rats (Fig. 4C).

3.6. Histopathological examination

The histopathological examination of the testicular sections
from rats showed no histopathological changes in case of LA-trea-
ted rats, however, the BNBP-treated rats, showed degeneration and
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Fig. 3. Influence of co-administration of LA and BNBP on (A) serum TAS (mmol/L),
(B) testicular LPOs (nmol MDA equivalent formed/mg protein) and (C) testicular
LDH (U/mg protein). Values represent the mean+SEM (n=6). 'Significantly
different from the NC group at p < 0.05. *Significantly different from BNBP-treated
group at p < 0.05. TAS: total antioxidant status; LPOs: lipid peroxides; LDH: lactate
dehydrogenase enzyme; LA: o-lipoic acid; BNBP: bi-n-butyl phthalate; NC: normal
control.

atrophy were observed in some of the seminiferous tubules with
complete absence of the spermatogenic series and sperms
(Fig. 5C). The LA-BNBP rats, showed slight damage to the seminif-
erous tubules (Fig. 5D). Stained rat testes sections were scored for
the testicular injury through examining under the light microscope
(50X magnification), with testicular histopathology score (0-4).
Normal control rats (group I) and LA rats (group II) elicited score
(0). BNBP-intoxicated rats (group III) elicited the highest score
(4) among all groups. However, LA-BNBP rats (group 1V) elicited
score (2).

4. Discussion

The BNBP has been utilized commercially as plasticizers, and
become persistent environmental pollutant (Moffit et al., 2007).
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In recent years, more attention has been paid to whether exposure
to environmental BNBP affects human development and reproduc-
tion. It was reported that, the intake of BNBP to the male rats
showed decreased testosterone concentration (Kai et al., 2005;
Gray et al, 2006), and an inverse correlation with sperm
concentration and quality (Murature et al., 1987) and with sperm
morphology but not correlated with ejaculate volume (Rozati
et al., 2002). The results achieved from the present study, indicated
that, the BNBP intake to male rats resulted in decline in testes
weight, sperm count and sperm motility. These findings were in
accordance with another study showed that, mature male rats
exposed to BNBP had smaller testes, degeneration of seminiferous

epithelium, decreased spermatogenesis (Barlow and Foster, 2003)
and histopathological and biochemical alterations in sertoli cells
(Creasy et al., 1983).

The development of the male reproductive tract is a dynamic
process, requiring the interaction of many factors and hormones.
Activation of specific pathways is required, involving the produc-
tion and action of FSH and testosterone hormones, that are consid-
ered as a major essential factors for the development of the male
internal and external male reproductive tract (Wilson, 1978). Our
data revealed that, the intake of BNBP is a potent testicular toxicant
as the serum concentration of both FSH and testosterone hormones
were declined. Antiandrogenic activities of BNBP was detected in
recombinant yeast assays (Jobling et al., 1995) as well as in mam-
malian and human cell systems (Terouanne et al., 2000; Kérner
et al., 2004). It was reported that, treatment of male rats with BNBP
produced significant decreases in testicular cytochrome P-450,
cytochrome P-450 dependent microsomal steroidogenic enzymes
(17a-hydroxylase, 17-20 lyase) and in the maximal binding of a
natural substrate (progesterone) to testis microsomes. This effect
on the enzymes responsible for androgen production may be
important as a mechanism of action involved in the development
of BNBP-induced testicular damage (Foster et al., 1983). Also, it
was reported that, the exposure to BNBP alters IL-1B secretion
and subset expression of testicular macrophages, resulting in
decreased testosterone production in rats (Zheng et al.,, 2010).
Testosterone can both enhance or protect against toxicity, depend-
ing on the experimental model used (Nishino et al., 1998; Ahlbom
et al.,, 2001). The protective property of testosterone against oxida-
tive stress as well as on cell damage biomarkers such as lactate
dehydrogenase enzyme and caspase-3 was demonstrated (Tunez
et al., 2007).

These biochemical abnormalities were in parallel with the
histopathological findings that showed severe damage and atrophy
to the seminiferous tubules, existence of vacuoles in sertoli cells
and loss of spermatogenesis in case of BNBP-treated rats. The
LA-BNBP rats, showed slight damage to the seminiferous tubules.
BNBP is considered an important class of sertoli cell toxicants.
Sertoli cells are the primary supportive cells of the testis,
facilitating the physical, hormonal and nutritive development of
germ cells. Disruption of sertoli cell function results in impaired
spermatogenesis and subsequent germ cell loss (Moffit et al.,
2007).

Antioxidants and other cell redox state modulating enzyme sys-
tems such as SOD, CAT and GR enzymes act as the first-line defense
against reactive oxygen species in all cellular compartments and
also extracellularly (Karihtala and Soini, 2007). The BNBP-
intoxicated rats exhibited significant depletion of testicular CAT,
SOD and GR enzymes that was concomitant with significant eleva-
tion in LPOs and significant reduction of serum TAS and testicular
LDH enzyme. These findings may be attributed to the fact that,
BNBP inhibits some forms of cytochrome P-450 and P-19, espe-
cially those responsible for hydroxylation of substrates (Foster
et al.,, 1983; Ryu et al., 2007) and the generation of reactive oxygen
species during BNBP intoxication.

All the aforementioned biochemical abnormalities were amelio-
rated after the co-administration of LA and BNBP to rats. The oral
administration of LA to the BNBP-intoxicated rats resulted in sig-
nificant elevation of testicular CAT, SOD and GR enzymes, concom-
itant with significant reduction in testicular LDH enzyme and LPOs.
Also, the absolute testes weight, cauda sperm count and sperm
motility were improved after the intake of LA to the BNBP-intoxi-
cated rats. These results may elaborate the role of LA as free radical
scavenger and antioxidant that may act as testicular toxicity pro-
tector. It was proved that, LA increased the TAS level, reduced LPOs
and increased GSH and antioxidant enzymes levels, indicating its
antiperoxidative and antioxidative effects (Chidlow et al., 2002;
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Fig. 5. Histopathological examination of the testicular sections from rats (A) NC rats, showed no histopathological changes (testicular histopathology score- 0), (B) LA-treated
rats, showed no histopathological changes (testicular histopathology score- 0), (C) BNBP-treated rats, showed degeneration and atrophy were observed in some of the
seminiferous tubules with complete absence of the spermatogenic series and sperms (testicular histopathology score- 4) and (D) LA-BNBP treated rats, showed slight damage
to the seminiferous tubules (testicular histopathology score- 2). LA: a-lipoic acid; BNBP: bi-n-butyl phthalate; NC: normal control.

Sivaprasad et al., 2004; El-Beshbishy et al., 2011). Also, it was
reported that, LA works both inside the cell and at the membrane
level, thereby giving dual protection to create a robust shield on
the cell membrane, along with the liquid that surrounds the cell
to tolerate higher volumes of free radical attack (Cronan et al.,
2005). Besides, LA is well recognized as a natural cofactor of the
pyruvate dehydrogenase and o-dehydrogenase complexes. In addi-
tion, enantiomers of LA and their reduced forms (dihydrolipoic
acid) act as extra- and intracellular redox couplers and powerful
lipophilic free radical scavengers (Suzuki et al., 1991). Our results
showed that, LA acts as a potent antioxidant capable of alleviating
BNBP-induced oxidative stress and perturbation of antioxidant
enzymes. LA has also been reported to assist with the Krebs cycle,
which in turn will increase the level of reduced GSH, ATP, Krebs
cycle enzymes and electron transport chain complex activities
(Henriksen, 2006) and eventually lead to a reduced incidence of
testicular dysfunction, thus ensuring sufficient ATP availability
(Ibrahim et al., 2008).

Based on the findings of the present study, it may be concluded
that, BNBP caused testicular toxicity through negatively affecting
the activity of testosterone and FSH hormones and antioxidant
enzymes. BNBP treatment also enhanced the LPOs level, demon-
strating vulnerability of testicular membrane to BNBP exposure.
LA which has emerged as a potential antioxidant and cell protect-
ing compound mitigated testicular oxidative stress, testicular
injury and LPOs produced by BNBP toxicity.

Conflict of Interest

The authors declare that there are no conflicts of interest.

Transparency Document

The Transparency document associated with this article can be
found in the online version.

Acknowledgements

This study was funded by Grant number 777/433 from the
Deanship of Scientific Research, Taibah University, Al-madinah
Al-munawarah, Saudi Arabia.

References

Aebi, H., 1984. Catalase in vitro. Enzymol 105, 121-126.

Ahlbom, E., Prins, G.S., Ceccatelli, S., 2001. Testosterone protects cerebellar granule
cells from oxidative stress-induced cell death through a receptor mediated
mechanism. Brain Res. 892, 255-262.

ATSDR, 2001. Toxicological Profile for Bi-n-Butyl Phthalate (DBP). Agency for Toxic
Substances and Disease Registry, Atlanta, GA.

ATSDR, 2002. Toxicological Profile for Di(2-ethylhexyl)phthalate (DEHP). Agency for
Toxic Substances and Disease Registry, Atlanta, GA.

Banchraft, ].D., Stevens, A., Turner, D.R,, 1996. Theory and practice of histological
techniques, fourth ed. Churchill Livingstone, New York, London, San Francisco,
Tokyo.


http://dx.doi.org/10.1016/j.fct.2014.05.024
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0005
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0010
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0010
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0010
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0025
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0025
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0025

32 H.A. El-Beshbishy et al./Food and Chemical Toxicology 71 (2014) 26-32

Barlow, N.J., Foster, P.M., 2003. Pathogenesis of male reproductive tract lesions from
gestation through adulthood following in utero exposure to di(n-butyl)
phthalate. Toxicol. Pathol. 31, 397-410.

Barlow, NJ., McIntyre, B.S., Foster, P.M., 2004. Male reproductive tract lesions at 6,
12, and 18 months of age following in utero exposure to di(n-butyl) phthalate.
Toxicol. Pathol. 32, 79-90.

Biewenga, G.P., Haenen, G.M., Bast, A., 1997. The pharmacology of the antioxidant
lipoic acid. General Pharmacol. 29, 315-331.

Bist, R., Bhatt, D., 2010. Augmentation of cholinesterases and ATPase activities in the
cerebellum and pons-medulla oblongata, by a combination of antioxidants
(resveratrol, ascorbic acid, alpha-lipoic acid and vitamin E), in acutely lindane
intoxicated mice. J. Neurol. Sci. 296, 83-87.

Blazak, W.F,, Treinen, KA., Juniewicz, P.E., 1993. Application of testicular sperm
head counts in the assessment of male reproductive toxicity. In: Chapin, RE.,
Heindel, J.J. (Eds.), Methods in Toxicology, Male Reproductive Toxicology.
Academic Press, Waltham, MA, pp. 86-94.

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal. Biochem. 72, 248-254.

Buege, J.A., Aust, S.D., 1978. Microsomal lipid peroxidation. Methods Enzymol. 52,
302-310.

Chen, X.H., An, H,, Ao, L., Sun, L, Liu, W., Zhou, Z., Wang, Y., Cao, J., 2011. The
combined toxicity of dibutyl phthalate and benzo(a)pyrene on the reproductive
system of male Sprague Dawley rats in vivo. J. Hazard. Mater. 186 (1), 835-841.

Chidlow, G., Schmidt, K.G., Wood, I.P.M., Melena, ]J., Osborne, N.N., 2002. a-Lipoic
acid protects the retina against ischemia-reperfusion. Neuropharmacology 43,
1015-1025.

Creasy, D.M,, Foster, ].R., Foster, P.M., 1983. The morphological development of di-
N-pentyl phthalate induced testicular atrophy in the rat. J. Pathol. 139, 309-
321.

Cronan, J.E., Zhao, X,, Jiang, Y., 2005. Function, attachment and synthesis of lipoic
acid in Escherichia coli. Adv. Microbial. Physiol. 50, 103-146.

El-Beshbishy, H.A., 2007. Lipoic acid attenuates DNA fragmentation, oxidative stress
and liver injury induced by tamoxifen in rats. Asian J. Trad. Med. 2 (5), 175-188.

El-Beshbishy, H., Bahashwan, S., Ali, H.A.A., Fakher, H., 2011. Abrogation of
cisplatin-induced nephrotoxicity in mice by alpha lipoic acid through
ameliorating oxidative stress and enhancing gene expression of antioxidant
enzymes. Eur. J. Pharmacol. 668, 278-284.

Foster, P., Thomas, L., Cook, M., Walters, D., 1983. Effect of DI-n-pentyl phthalate
treatment on testicular steroidogenic enzymes and cytochrome P-450 in the rat.
Toxicol. Lett. 15 (2-3), 265-271.

Foster, P.M.D., Mylchreest, E., Gaido, KW., Sar, M., 2001. Effects of phthalate esters
on the developing reproductive tract of male rats. Human Reprod. Update 7 (3),
231-235.

Gray, T.J.B., Rowland, L.R,, Foster, P.M.D., Gangolli, S.D., 1982. Species-differences in
the testicular toxicity of phthalate-esters. Toxicol. Lett. 11 (1-2), 141-147.
Gray Jr., L.E., Laskey, ]., Ostby, J., 2006. Chronic di-n-butyl phthalate exposure in rats
reduces fertility and alters ovarian function during pregnancy in female Long

Evans hooded rats. Toxicol. Sci. 93 (1), 189-195.

Henriksen, E.J., 2006. Exercise training and the antioxidant alpha-lipoic acid in the
treatment of insulin resistance and type 2 diabetes. Free Rad. Biol. Med. 40 (1), 3-
12.

Ho, Y.-S., Lai, C.-S., Liu, H.-I, Ho, S.-Y., Tai, C.,, Pan, M.-H., Wang, Y.-J., 2007.
Dihydrolipoic acid inhibits skin tumor promotion through anti-inflammation
and antioxidation. Biochem. Pharmacol. 73, 1786-1795.

Ibrahim, S.F., Khairul, O., Srijit, D., Abas, M.O., Norzaiti, A., Mohd, P.A., 2008. Study of
the antioxidant effect of alpha lipoic acids on sperm. Quality Clinics 63 (4), 545-
550.

IPCS, 1997. Environmental Health Criteria 189 Di-n-Butyl Phthalate. Health
Organization, Geneva. ISBN 92-4-157189-6.

Jobling, S., Reynolds, T., White, R., Parker, M.G., Sumpter, J.P., 1995. A variety of
environmentally persistent chemicals, including some phthalate plasticizers,
are weakly estrogenic. Environ. Health Perspect. 103, 582-587.

Kai, H., Shono, T., Tajiri, T., Suita, S., 2005. Long-term effects of intrauterine exposure
to mono-n-butyl phthalate on the reproductive function of postnatal rats. J.
Pediat. Surg. 40 (2), 429-433.

Karihtala, P., Soini, Y., 2007. Reactive oxygen species and antioxidant mechanisms
in human tissues and their relation to malignancies. APMI 115, 81-103.

Korner, W., Vinggaard, A.M., Terouanne, B., Ma, R., Wieloch, C., Schlumpf, M., Sultan,
C., Soto, A.M., 2004. Interlaboratory comparison of four in vitro assays for
assessing androgenic and antiandrogenic activity of environmental chemicals.
Environ. Health Perspect. 112, 695-702.

Latini, G., Massaro, M., DeFelice, C., 2005. Prenatal exposure to phthalates and
intrauterine inflammation: a unifying hypothesis. Toxicol. Sci. 85, 743.

Ma, X.M., Lightman, S.L, 1998. The arginine vasopressin and corticotrophin
releasing hormone gene transcription responses to varied frequencies of
repeated stress in rats. J. Physiol. 510, 605-614.

McFarland, V.A., Inouye, L.S., Lutz, C.H., Jarvis, A.S., Clarke, ].U., McCant, D.D., 1999.
Biomarkers of oxidative stress and genotoxicity in livers of field-collected
brown bullhead Ameiurus nebulosus. Arch. Environ. Contam. Toxicol. 37, 236-
241.

Miller, N.J., Rice-Evans, C., Davies, M.J., Gopinathan, V., Milner, A., 1993. A novel
method for measuring antioxidant capacity and its application to monitoring
the antioxidant status in premature neonates. Clin. Sci. 84, 407-412.

Moffit, J.S., Bryant, B.H., Hall, S.J., Boekelheide, K., 2007. Dose-dependent effects of
sertoli cell toxicants 2,5-hexanedione, carbendazim, and mono-(2-ethylhexyl)
phthalate in adult rat testis. Toxicol. Pathol. 35 (5), 719-727.

Murature, D.A., Tang, S.Y., Steinhardt, G., Dougherty, R.C., 1987. Phthalate esters and
semen quality parameters. Biomed. Environ. Mass Spectrom. 14, 473-477.
Nishino, H., Makajima, K., Kumazaki, M., Fukuda, A., Muramatsu, K., Deshpande, S.B.,
Inubushi, T., Morikawa, S., Borlongan, C.V., Sanberg, P.R., 1998. Estrogen
protects against while testosterone exacerbates vulnerability of the lateral
striatal artery to chemical hypoxia by 3-nitropropionic acid. Neurosci. Res. 30,

303-312.

Oynagui, Y., 1984. Reevaluation of assay methods and establishment of kit for
superoxide dismutase. Anal. Biochem. 142 (3), 290-296.

Packer, L., Witt, E.H., Tritschler, HJ., 1995. Alpha-lipoic as biological antioxidant. A
review. Free Rad. Biol. Med. 19, 227-250.

Rozati, R., Reddy, P.P., Reddanna, P., Mujtaba, R., 2002. Role of environmental
estrogens in the deterioration of male factor fertility. Fertil. Steril. 78, 1187-
1194.

Rudel, R.A., Camann, D.E., Spengler, ].D., Korn, L.R., Brody, J.G., 2003. Phthalates,
alkylphenols, pesticides, polybrominated diphenyl ethers, and other endocrine-
disrupting compounds in indoor air and dust. Environ. Sci. Technol. 37, 4543-
4553,

Ryu, JY., Lee, B.M,, Kacew, S., Kim, H.S., 2007. Identification of differentially
expressed genes in the testis of Sprague-Dawley rats treated with di(n-butyl)
phthalate. Toxicology 234 (1-2), 103-112.

Shiota, K., Nishimura, H., 1982. Teratogenicity of di(2-ethylhexyl) phthalate (DEHP)
and di-n-butyl phthalate (DBP) in mice. Environ. Health Perspect. 45,
65-70.

Shiota, K., Chou, MJ., Nishimura, H., 1980. Embryotoxic effects of di-2-ethylhexyl
phthalate (DEHP) and di-n-butyl phthalate (DBP) in mice. Environ. Res. 22 (1),
245-253.

Silva, MJ., Barr, D.B., Reidy, J.A., Malek, N.A., Hodge, C.C., Caudill, S.P., Brock, J.W.,
Needham, L.L,, Calafat, A.M., 2004. Urinary levels of seven phthalate metabolites
in the US population from the National Health and Nutrition Examination
Survey (NHANES) 1999-2000. Environ. Health Perspect. 112, 331-338.

Sivaprasad, R., Nagaraj, M., Varalakshmi, P., 2004. Combined efficacies of lipoic acid
and 2,3-dimercaptosuccinic acid against lead-induced lipid peroxidation in rat
liver. J. Nutri. Biochem. 15, 18-23.

Suzuki, J.Y., Tsuchiya, M., Packer, L., 1991. Lipoic acid and dihydrolipoic acid are
novel antioxidants which react with reactive oxygen species. Free Rad. Res.
Commun. 17, 255-263.

Teichert, J., Preiss, R., 1995. Determination of lipoic acid in human plasma by high-
performance liquid chromatography with electrochemical detection. J.
Chromatogr. B672, 277-281.

Terouanne, B., Tahiri, B., Georget, V., Belon, C., Poujol, N., Avances, C., Orio Jr., F.,
Balaguer, P., Sultan, C., 2000. A stable prostatic bioluminescent cell line to
investigate androgen and antiandrogen effects. Mol. Cell. Endocrinol. 160, 39—
49.

Tunez, 1., Feij6o, M., Collado, J., Medina, F., Pena, J., Munoz, M., Jimena, L., Franco, F.,
Rueda, I, Muntane, J., Montilla, P., 2007. Effect of testosterone on oxidative
stress and cell damage induced by 3-nitropropionic acid in striatum of
ovariectomized rats. Life Sci. 80 (13), 1221-1227.

Wilson, ].D., 1978. Sexual differentiation. Ann. Rev. Physiol. 40, 279-306.

Wine, RN, Li, LH., Barnes, LH., Gulati, D.K., Chapin, R.E., 1997. Reproductive
toxicity of di-n-butylphthalate in a continuous breeding protocol in Sprague-
Dawley rats. Environ. Health Perspect. 105 (1), 102-107.

Yokoi, K., Uthus, E.O., Nielsen, F.H., 2003. Nickel deficiency diminishes sperm
quantity and movement in rats. Biol. Trace Elem. Res. 93, 141-153.

Zheng, S.-J., Tian, H., Cao, Jm., Gao, Y., 2010. Exposure to di(n-butyl)phthalate and
benzo(a)pyrene alters IL-1B secretion and subset expression of testicular
macrophages, resulting in decreased testosterone production in rats. Toxicol.
Appl. Pharmacol. 248, 28-37.

Zhou, D., Wang, H., Zhang, ]., Gao, X., Zhao, W., Zheng, Y., 2010. Di-n-butyl phthalate
(DBP) exposure induces oxidative damage in testes of adult rats. Syst. Biol.
Reprod. Med. 56 (6), 413-419.


http://refhub.elsevier.com/S0278-6915(14)00258-0/h0030
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0030
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0030
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0035
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0035
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0035
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0040
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0040
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0045
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0045
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0045
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0045
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0050
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0050
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0050
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0050
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0055
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0055
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0055
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0060
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0060
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0065
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0065
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0065
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0070
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0070
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0070
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0075
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0075
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0075
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0080
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0080
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0090
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0090
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0085
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0085
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0085
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0085
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0100
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0100
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0100
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0095
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0095
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0095
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0110
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0110
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0105
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0105
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0105
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0115
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0115
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0115
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0120
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0120
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0120
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0125
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0125
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0125
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0135
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0135
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0135
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0140
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0140
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0140
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0145
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0145
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0150
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0150
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0150
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0150
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0155
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0155
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0160
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0160
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0160
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0165
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0165
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0165
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0165
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0170
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0170
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0170
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0175
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0175
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0175
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0180
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0180
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0185
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0185
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0185
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0185
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0185
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0190
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0190
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0195
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0195
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0200
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0200
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0200
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0205
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0205
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0205
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0205
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0210
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0210
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0210
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0220
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0220
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0220
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0215
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0215
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0215
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0225
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0225
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0225
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0225
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0230
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0230
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0230
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0235
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0235
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0235
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0240
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0240
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0240
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0245
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0245
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0245
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0245
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0250
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0250
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0250
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0250
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0255
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0260
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0260
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0260
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0265
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0265
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0270
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0270
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0270
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0270
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0275
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0275
http://refhub.elsevier.com/S0278-6915(14)00258-0/h0275

	Influence of lipoic acid on testicular toxicity induced by bi-n-butyl phthalate in rats
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and kits
	2.2 Animals
	2.3 Experimental protocol
	2.4 Cauda sperm count and sperm motility
	2.5 Preparation of testicular homogenate
	2.6 Protein measurement
	2.7 Assay of biochemical parameters
	2.7.1 Determination of serum TAS
	2.7.2 Determination of serum FSH and testosterone hormones
	2.7.3 Determination of testicular lactate dehydrogenase (LDH) enzyme
	2.7.4 Determination of testicular lipid peroxides (LPOs)
	2.7.5 Determination of testicular glutathione reductase (GR) enzyme
	2.7.6 Determination of testicular catalase (CAT) enzyme
	2.7.7 Determination of testicular superoxide dismutase (SOD) enzyme

	2.8 Histopathological studies
	2.9 Statistical analysis

	3 Results
	3.1 Effect on testes weight, cauda sperm count, sperm motility percentage
	3.2 Effect on serum FSH and testosterone hormones
	3.3 Effect on serum TAS
	3.4 Effect on testicular LPOs and LDH enzyme
	3.5 Effect on testicular SOD, CAT and GR enzymes
	3.6 Histopathological examination

	4 Discussion
	Conflict of Interest
	Transparency Document
	Acknowledgements
	References


