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Summary

This study aimed to investigate the possible reproductive toxicity dose of bisphenol A (BPA) in male New
Zealand white rabbits. Prior to the experiment, male rabbits (n =24) were acclimatized to laboratory conditions
and trained for semen collection for 14 days. After the training period, rabbits were divided into 4 groups of 6:
positive controls and 3 different doses of BPA (10, 20 and 100 mg/kg/day). All treatments were administered
by oral gavages for 9 weeks following the training period. At the end of the study, BPA negatively affected the
serum testosterone, testicular superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and
malondialdehyde (MDA). Sperm concentrations and percent progressive motility were significantly declined
in BPA treated rabbits. LOAEL value of BPA for reproductive parameters was 10 mg/kg/day.
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Bisphenol A [BPA; 2,2-bis (4-hydroxyphenyl) pro-
pane] is one of the endocrine disrupting chemicals that
has a very high production volume worldwide (15).
BPA-based plastic products have been commercially
produced since 1957 (22) and the demand is expected
to be over 9.6 million tons by 2020 (14).

BPA is mainly used in the production of polycarbon-
ate plastics and epoxy resins. They are extensively used
in diverse products of daily life, including electronic
and medical equipment, reusable bottles and water
pipes. In addition, epoxy resins are used in the coating
of the inner surfaces of food and beverage containers
to prevent the reactions of the contents with metals
(16, 19, 38).

While BPA was first synthesized in 1891, its estro-
genic properties were reported in the 1930s. BPA is
one of the most important environmental estrogens
that can be the basis of many negative effects such as
cardiovascular diseases, immune disorders, obesity,
diabetes, cancer and reproductive problems (34, 43).

There have been a number of different studies
focused on the effects of BPA on spermatogenesis,
reproductive hormone productions, and testicular cell
activities in human and different animals. The results
of the epidemiological studies suggested that increased
urinary or serum BPA levels were likely to associate
with reduced semen parameters (25). Experimental

studies in animal models also suggested that BPA
could reduce sperm count and sperm motility (41).
BPA may be responsible for various negative effects
such as deterioration in spermatogenesis, decrease in
sperm quality, disturbing the hypothalamic-pituitary-
testicular axis and decrease in testosterone production
by Leydig cells (15).

As an endocrine disruptor, BPA has been receiving
major attention, as to whether it impairs male fertility.
However, the literature lacks BPA studies using rab-
bits as an experimental model. It is possible to take
full ejaculate from male rabbits instead of epididymal
spermatozoa, and so rabbits seem to be a better model
for studying reproductive and toxicological effects of
a chemical on spermatological parameters that can be
related to man. Therefore, the aim of this study was to
investigate the appropriate BPA dose and reproductive
effects of BPA exposure in rabbits.

Material and methods

Animals and diets. This study was approved by the
ethics committee of Burdur Mehmet Akif Ersoy University
(25.11.2015/159) and supported by TUBITAK (1160027).
During the entire experiment, a total of 24 male New Zea-
land White rabbits were individually housed in galvanized
cages in the Experimental Animal Unit of Mehmet Akif
Ersoy University and maximum care was taken to mini-
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mize the number of rabbits used. The ages and weights of
the rabbits were 8-10 months and 2.7-3.7 kg, respectively.
Prior to the experiment, the rabbits were trained to use an
artificial vagina and acclimatized to laboratory conditions
(at 22 £ 2°C and 50-55% humidity, 14: 10 hour light: dark
cycle) for 14 days.

Water and feed were given as ad [ibitum. The rabbits
were fed with standard commercial rabbit feed (Korkuteli
Food Company, Antalya, Turkey; 6.93% crude ash, 17.0%
crude protein, 12.68% crude cellulose, 3.67% crude oil,
0.49% calcium, 0.46% phosphorous). Body weights and
feed consumptions of the rabbits were taken weekly and
dose adjustments of BPA were made according to their
body weights.

Experimental design. After the acclimatization period,
the rabbits were randomly divided into 4 groups of 6 rabbits
in each group. Initial mean body weights and ages among
the groups did not differ significantly. Rabbits in the control
group (CONT) received daily corn oil by oral gavage for
9 weeks. Rabbits in BPA10, BPA20 and BPA100 groups
were administered daily oral gavages of BPA (99% purity,
Lot: MKBQ5209V, CAS 80-05-7, Sigma-Aldrich Co., St.
Louis, MO; 10, 20 and 100 mg/kg/day) dissolved in corn
oil at doses of 10, 20 and 100 mg/kg body weight, respec-
tively. Oral gavage practices were administered between
08:00 and 09:30 hours before daily feeding.

The study protocol in the groups used in the study of
BPA is as follows:

CONT: Control group: daily oral corn oil (1 ml corn oil
for 1 kg body weight);

BPA10: daily 10 mg/kg of BPA in corn oil (1 ml of corn
oil contained 10 mg of BPA);

BPA20: daily 20 mg/kg of BPA in corn oil (1 ml of corn
oil contained 20 mg of BPA);

BPA100: daily 100 mg/kg of BPA in corn oil (1 ml of
corn oil contained 100 mg of BPA).

Blood samples. At the end of the study, blood samples
were collected from the ear artery of each rabbit. Blood sam-
ples were immediately centrifuged at 1457 x g for 20 min
and serum samples were stored at —20°C until analysis.

Semen collection and examination. The collection
procedure was used as previously explained by Ata et al.
(4). The ejaculates were collected into graded warm semen
collection tubes once a week. Spermatological parameters
were calculated with the sample taken at the end of the
9" week to see the possible effects of BPA consumption.
Immediately after the collection, the ejaculates were exam-
ined for semen volume, semen weight, semen pH, sperm
concentration and motility (3, 4).

Ejaculate volume and weight. Before the semen collec-
tion, the graduated semen collection tubes were weighed.
After the collection, the gel from the ejaculate was removed
and the tube was weighed to determine the ejaculate weight
(mg). The ejaculate volume was recorded by reading the
graded tube (ml).

Semen pH. Hydrogen ion concentration of the semen
samples was measured immediately post collection by
using pH paper ranging from 5.5 to 9.0 with 0.5 sensitive
(pH-indicator paper pH 5.5-9.0 Merck, 64293, Darmstadt,
Germany).
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Spermatozoa concentration. The concentration of sper-
matozoa in each ejaculate was determined using a two-part
hemocytometer slide (Thoma slides). The spermatozoa
count was performed in Thoma slide with a magnification
of 400-fold in 0.1 ml formalin saline solution (3, 4).

Sperm motility. The motility estimations were performed
by visual examination using a phase contrast microscope
with a heating plate at medium magnification (400 x). Sperm
samples were diluted 10-fold with phosphate-buffered saline
(PBS) solution at 37.8°C. After warming the slide to 37.8°C,
a small drop of diluted semen was placed on the slide and
motility was estimated as percent at 400 x magnification
at phase contrast microscope (3, 4). In order to determine
the motility, at least three microscope areas were evaluated.
The average value of three different fields was recorded by
detecting percent motility.

Seminal plasma protein levels. After collection, semen
samples (300 puL) were centrifuged at 800 x g for 20 min.
Then seminal plasma and the sperm cells were separated.
10 uL of seminal plasma were placed into a refractometer
(Atago, SPR-N, Japan) for the measurements of total semi-
nal plasma protein readings.

Serum BPA analyses. Serum BPA levels were deter-
mined by the method of Kuroda et al. (23) The samples
were analyzed by HPLC (LC-20AT, Shimadzu, Kyoto,
Japan) within an accredited facility of the Burdur Mehmet
Akif Ersoy University (MAKU, Scientific and Technology
Application and Research Center, Burdur, Turkey). The
detection limit of the method was 0.04 pg/mL.

Hormone assays. Serum testosterone (Cat No CSB-
E06927Rb, Cusabio Biotech Co., LTD.; intra- and inter
assay precision of < 15% and the detection range of 62.5-
-1000 pg/mL) and estradiol (Cat No CSB-E069915Rb,
Cusabio Biotech Co., LTD.; intra- and inter assay preci-
sion of < 15% and the detection range of 0.625-10 ng/mL)
levels were determined using rabbit specific ELISA Kkits.
Serum samples of each rabbit were also analyzed for
rabbit luteinizing hormone — LH (Cat No: SG-0004Rb,
SinoGeneClon Biotech Co., Ltd.; intra- and inter assay
precision of < 10% and the detection range of 3-100 mIU/
mL), rabbit follicle-stimulating hormone — FSH (Cat No:
SG-0001Rb; SinoGeneClon Biotech Co., Ltd.; intra- and
inter assay precision of < 10% and the detection range of
5-180 mIU/mL) and rabbit inhibin alpha — INHA (Cat No:
SG-0015Rb; SinoGeneClon Biotech Co., Ltd.; intra- and
inter assay precision of < 15% and the detection range of
33-2000 pg/mL). Measurements were performed according
to the manufacturer’s instructions.

Histopathological examination. Three rabbits from each
experimental group were randomly selected and euthana-
sied under isoflourine anesthesia. During necropsy, the right
testicles were removed, washed with PBS and fixed in 10%
formaldehyde. The tissues passed through routine follow-
up procedure and were blocked in paraffin. The paraffin
blocks were cut at a thickness of 5 p. Then stained with
hematoxylin-eosin and examined under light microscope.

Oxidant-antioxidant parameters. Testis tissues for oxi-
dant and antioxidant parameters were prepared according to
the manufacturer’s instructions. Malondialdehyde — MDA
(Cat No: SG-50252; SinoGeneClon Biotech Co., Ltd.; intra-
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and inter assay precision of < 10% and the detection range
of 6-350 ng/mL), superoxidedismutase — SOD (Cat No:
SG-0061Rb; intra- and inter assay precision of < 10% and
the detection range of 30-1000 pg/mL), catalase — CAT (Cat
No: SG-50185;intra- and inter assay precision of < 10% and
the detection range of 1-36 pg/mL), and glutathione per-
oxidase — GPx (Cat No: SG-0120Rb,intra- and inter assay
precision of < 10% and the detection range of 33-2000 pg/
mL) levels of the samples were assayed using ELISA kits
(SinoGeneClon Biotech Co., Ltd., China). The results were
read at 450 nm.

Statistical analyses. All values are given as mean + SD.
PROC ANOVA procedure of the SAS statistical program
was used for statistical evaluation. The individual means of
treatments were compared with the Tukey test. In all statis-
tical applications, the difference was considered significant
when the difference among the groups was P < 0.05.

Results and discussion

During the study period, no clinical symptoms were
observed in rabbits due to BPA
treatments. Serum BPA levels were
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tissues are in Table 3. When the control group and the
BPA-administered groups were compared, the MDA
level in the testis increased significantly in the BPA
groups (P < 0.001). In addition, the levels of anti-
oxidant enzymes such as SOD and CAT in the testis
of the rabbits decreased significantly in BPA treated
groups when compared to the controls (P <0.001). GPx
enzyme levels of BPA20 and BPA100 groups were
significantly lower than the control and BPA10 groups
(P<0.041).

The criteria of Jahan and his colleagues (20) were
taken into consideration when examining the testis tis-
sue. Thus, degeneration of Sertioli cells, shedding of
germ cells, the amount of sperm in the tubule lumen
and the width of the interstitium were evaluated. It
was noticed in the testicular tissues of the BPA groups
that a large part of the Sertioli cells was degenerated
and absorbed into the lumen. Most of the basal cells
disappeared. There was a decrease in the spermatozoa

Tab. 1. Effects of oral bisphenol A (BPA) administration on some reproductive
hormones in male New Zealand White Rabbits (n = 6)

significantly chfferent between f[he o — — BPAT00 5
groups and increased according

to the BPA levels administered to Testosterone (ng/ml) 4.812 £ 0.54 3.58"+0.25 3.56" + 0.46 3.39°+0.15 0.038
the rabbits (KONT = 0.00 = 0.00; | Estrogen (pg/mi) 550.1+32.1 | 544.1+65.3 | 574.1:73.6 | 521.2+38.4 | 0.495
BPA10 = 0.24 = 0.02; BPA20 = | Inhibin (pg/ml) 95.75+1.12 | 95.08+3.93 | 96.34+3.71 | 99.24:8.04 | 0.712
0.58+0.09; BPA100=0.89+0.12 | fsH (miu/mi) 9.87+1.12 | 11.07+1.32 | 10.14:2.23 | 9.84x1.25 | 0.568
pg/ml; P <0.0001). LH (miU/ml) 9.30+0.25 | 950+0.21 | 9.29:0.23 | 9.35:013 | 0.461

Serum levels of some repro-
ductive hormones are in Table 1.
Among the reproductive hormones
studied, only the serum levels of
testosterone were affected due to

Explanations: CONT = Control; BPA10 = 10 mg/kg/day BPA; BPA20 = 20 mg/kg/day
BPA; BPA100 = 100 mg/kg/day BPA. Values have given as mean + standard deviation

Tab. 2. Effects of oral bisphenol A (BPA) administration on some spermatological
parameters in male New Zealand White Rabbits (n = 6)

BPA treatment (P < 0.04). Serum CONT BPA10 BPA20 BPA100 P
testosterone levels declined in all

Volume (ml) 08:0.16 | 0.68:014 | 068:0.26 | 0.62:0.15 | 0.166
BPA groups when compared to the _
control levels. On the other hand, Weight (mg) 0.94+0.18 0.74 +0.15 0.73+0.27 0.70 £+ 0.18 0.274
no signiﬁcant changes observed | Progressive Motility (%) | 76.0°+4.18 52.0°+5.70 43.0°+£6.70 38.00+2.74 | 0.001
in serum levels of estradiol, FSH, | pH 7.08+0.08 | 7.08+0.09 | 7.06:0.09 | 7.06+0.11 | 0.972
LH or inhibin among the treatment | goncentration (x 109ml) | 314.4°+63.8 | 227.6°+46.6 | 188.6°+34.0 | 186.6°+88.8 | 0.016
groups (P> 0.1). SPP (g/dl) 3.44:033 | 336021 | 3.32:0.11 | 3.28:0.78 | 0.947

Ejaculate volume, ejaculate
weight, ejaculate pH, progressive
motility, spermatozoa concentra-
tions, and seminal plasma total
protein levels are in Table 2. The
results of the current study sug-

Explanations: CONT = Control; BPA10 = 10 mg/kg/day BPA; BPA20 = 20 mg/kg/day
BPA; BPA100 = 100 mg/kg/day BPA. SPP = Seminal Plasma Protein. Values have given
as mean + standard deviation

Tab. 3. Effects of oral bisphenol A (BPA) administration on some antioxidant para-
meters in the testis tissues of male New Zealand White Rabbits (n = 3)

g?Ste? that lBPA did ni)t alter t}}:e CONT BPA10 BPA20 BPA100 P
ejaculate volume, ejaculate weight, -y, o) 25.79':4.03 | 39.39°:4.41 | 43.83%:+8.34 | 52.867°x8.93 | 0.001
ejaculate pH and seminal plasma . . c N

protein levels of BPA treated rab- | SO0 (bg/m) 011°£257 | 6.200£126 | 3.36°:1.65 | 3.82¢x1.60 | 0.001
bits. On the other hand, BPA had | CAT (pa/mi) 19.45':6.82 | 12.64:1.91 | 10.01%+4.83 | 5.03:4.30 | 0.002
significant negative effects on pro- | GPx (pg/ml) 284.2°+66.23 | 247.2°+1.26 | 186.0°+56.92 | 196.4°+27.5 | 0.041

gressive motility and spermatozoa
concentration in all BPA groups.
Values for some oxidant-antiox-

idant enzymes measured in testis = standard deviation

Explanations: CONT = Control; BPA10 = 10 mg/kg/day BPA; BPA20 = 20 mg/kg/day
BPA; BPA100 = 100 mg/kg/day BPA; MDA = malondialdehyde; SOD = superoxide
dismutase; CAT = catalase; GPx = glutathione peroxidase. Values have given as mean
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Tab. 4. Histopathological changes in testicular tissues due to
bisphenol A (BPA) treatments (n = 3)

CONT BPA10 BPA20 | BPA100

Decrease in the spermatozoa | —(3/3) | +(1/3) | +(1/3) | ++(2/3)

number in the tubulus +(2/3) | +(183) | +++(183)
seminiferus contortus lumen +++(1/3)

Increase in the vacuolar =(2B) | +2B) | +(1RB) | ++H2R)

degeneration +(1/3) +1/3) | ++(1/3) | +++(1/3)
+++(1/3)

Explanations: CONT = Control; BPA10 = 10 mg/kg/day BPA;
BPA20 = 20 mg/kg/day BPA; BPA100 = 100 mg/kg/day BPA;
— Absent or minimal; + Mild; ++ Moderate; +++ Marked

number and an increase in the vacuolar degeneration
(Tab. 4).

The decrease in sperm count and motile sperma-
tozoa are important for sperm quality. The results of
the current study indicated that even with the lowest
oral exposure, with 0.24 pg/ml plasma levels of BPA,
BPA reduced the spermatozoa concentration by ap-
proximately 24% in adult male rabbits. The decrease
in concentration was even higher in BPA20 and 100
groups. Moreover, progressive motility was declined
from 23% up to 50% as a dose-dependent manner for
BPA treated rabbits compared to controls. A similar
dose-dependent reduction in semen quality was ob-
served in rats (7). Other experimental studies in mice
(39) and rats (27, 30, 32, 40) also reported a decline
in semen quality due to BPA exposure. Moreover, Li
et al. reported an inverse correlation between semen
quality and urinary BPA in BPA-exposed individuals
(26). Exposure to BPA in adult males have reported an
abnormal testicular function (35), reducing daily sperm
production (31), suppression of testicular steroidogen-
esis (1) and spermatogenesis (32). Furthermore, there
was a negative correlation between serum BPA levels
of males and embryo quality, suggesting BPA might
negatively affect the sperm quality (6). Although Ashby
et al. (2) found no association between BPA exposure
and sperm quality, the majority of the literature sup-
ports a negative connection.

The possible adverse impact of BPA on sperm
quality could directly be on spermatogenesis (37).
Spermatogenesis in seminiferous tubules is controlled
by testosterone and FSH. Thus, the disturbances in
testosterone and/or FSH levels could have an adverse
effect on spermatogenesis (8). In the current study,
although there were no changes in serum LH, FSH
and inhibin levels, testosterone levels were declined
due to BPA exposure. There are some contradictory
results in the literature about the association between
circulating testosterone levels and BPA. Hanaoka
et al. presented evidence that BPA exposure caused
an increase in testosterone levels (18). Ina a human
study, workers exposed to BPA have been reported to
have higher serum testosterone. Similarly, there was
a positive association between BPA and androgens in
adults (12) and in newborns (11). In another study,
BPA did not change serum testosterone levels in male
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rats (13). However, there are also studies showing that
BPA could suppress the plasma testosterone levels and
cause adverse effects on spermatogenesis (28, 36). In
addition, BPA also has anti-androgenic properties in
the adult human testis tissues (9).

Nonylphenols could have an inhibitory effect on
P450c17 enzyme which is necessary for testosterone
synthesis in Leydig cell and the decrease of testoster-
one concentrations in BPA groups might be due to inhi-
bition of P450c17 by BPA (17, 24). Local production of
testosterone by Leydig cells was crucial for the conti-
nuity of spermatogenesis (29) and BPA treatment could
impair the critical hormonal balances necessary for
the steps of sperm production in the current study. No
changes in FSH an LH levels due to BPA suggest that
BPA might directly affect the functions of Leydig cells
and cause a reduction in testosterone production (1).

Oxidative stress could be another factor for poor
sperm quality due to BPA exposure. BPA could de-
crease the number of sperm and percent motility by
stimulating oxidative stress and reduction of antioxi-
dant enzymes (7). Enzymes such as SOD and CAT are
intracellular enzymatic antioxidants responsible for
the scavenging reactive oxygen species (ROS) such
as hydrogen peroxide and free radicals. In addition,
SOD forms the first line of defense against reactive
oxygen species in the cells (33). In the current study,
the levels of SOD, CAT, and GPx in the testis tissues
of rabbits exposed to oral BPA were lower than those
in the control group. This can typically be a result of
increased lipid peroxidation due to oxidative stress.
Moreover, BPA stimulates the generation of MDA in
testis tissues (5) and testicular MDA concentrations
were also altered due to BPA treatment in our study.
The increase in MDA levels in the testicular tissue
because of BPA exposure could be due to the produc-
tion of more ROS and therefore, oxidative stress than
normal as a result of BPA (42). Thus, BPA can increase
ROS production by stimulating free radical formation
in Male New Zealand rabbits and may lead to oxidative
stress (7). Increased oxidative stress stimulated by BPA
exposure could adversely affect enzymatic antioxidant
defenses, increase oxidative damage in testicular tis-
sue and/or sperm cells and thus negatively alter sperm
development and/or survival.

The histopathological alterations due to BPA ex-
posure could also be another factor affecting the
negative changes in semen quality. Previous studies
reported similar results that BPA could cause necrosis,
seminiferous tubule degenerations or aplasia and gi-
ant cell formation (10). BPA increased the number of
apoptotic cells in the seminiferous tubules (41). There
is also another report that BPA reduces the diameter
and thickness of the epithelium and the surface area
the seminiferous tubules (21). In the current study, his-
topathological findings such as degeneration in semi-
niferous tubules, Sertoli and germ cell degradation,
decreased sperm production, decrease in basal cells,
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and disorganized Sertoli cells due to BPA exposure
substantiate the impaired spermatogenesis.

In conclusion, the present BPA study showed that

LOAEL value of BPA for spermatologic parameters
was 10 mg/kg/day (0.24 pg/ml plasma). Thus, oral
BPA exposure for 9 weeks could alter the testoster-
one production and testicular oxidative status, cause
oxidative stress, enhance testicular tissue degeneration
and decrease spermatogenesis in New Zealand White
rabbits.
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