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Effects of Bisphenol-A on Testes in Prepubertal
Male Wistar Rats: In vitro Study

Mohammad. A. Awal, 'Shonkar Kumar Das,
*Sayem Muhamed Abdul Khalid, *Mohammad Nazrul Islam,
“Masamichi Kurohmaru, Andriana B. Bibin and Y oshihiro Hayashi

Twenty days old NRC Wistar male rats were used to elucidate the function and
significance of BPA on the testicular tissues in culture. To eliminate germ cells
completely from the testicular tissues, the culture was maintained for 3 weeks 1n
DMEM provided with a constant temperature of 32.5°C at a humidified
atmosphere containing 95% air and 5% CO,. After 3 weeks, the semimferous
tubules were resuspended in 24 multi-well plate and for Millipore filter with
reconstituted basement membrane extracts. The culture was treated with BPA at
the concentration of 10, 100 and 1000 pg mL.™", respectively. The control group
received only comn oil velicle. At 2, 4 and 6 days after treatment, the culture was
processed for histopathological studies. At 2 days following treatment, the
diameter of the seminiferous tubules together with the number of sertoli cells were
significantly decreased, compared to those of control group (p<0.05). The
diameter and the number of sertoli cells were gradually decreased in dose-and
time-dependent manners. In transmission electron microscopic observations, most
of the cells in the control group revealed normal in structure, whereas 1n treated
groups, the degenerative sertoli cells with several large vacuoles, electron-dense
materials in the cell cytoplasm and small vacuoles of different sizes, condensation
of nuclear materials in the nucleus were frequently recognized. The findings in
this study suggested that BPA induced reproductive toxicity in cultured rat testes
at the prepubertal stage. However, the mechanism of action of this chemical still
remains unclear and an intensive research should be needed in the future.
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INTRODUCTION

Male fertility can be impaired by various toxicants
and environmental persistent endocrine-disruptors!”
The possible adverse effects of synthetic chemicals on
reproductive organs are currently caused for great
concern. Among such chemicals, bisphenol A is
commonly detected in environment®™! and in food
products”™. A number of studies revealed that BPA, a
proven potential environmental disruptor, has an
estrogenic activity on  nearly all classes of
vertebrates™''*. Endocrine disruptors are environmental
chemicals that interfere with endocrine system and
adversely affect hormone balance or disrupt normal
function of organs ™. In recent years, the organ culture
of testes has been widely used to evaluate the function
and significance of testicular cells™* "L In the review of
available literatures, however, there iz no report regarding
the effects of BPA on the organ culture of testes in
prepubertal male rats. Therefore, the present study was
undertaken to evaluate the effects of BPA on testes in
prepubertal male rats.

MATERIALS AND METHODS

Fifteen NRC Wistar male rats, weighing 20-25 g and
3 weeks of age, were used in this experiment. All rats were
purchased from the Japan Biological Research Center.
They were acclimatized in the laboratory 1 week prior to
treatment. The animals were housed under constant
temperature (70£2°F) at 35-70% humidity on a twelve:
twelve-hour light: dark cycle. They were regularly
provided with rodents Pellet (Oriental East Co., Ltd.) and
water ad libitum. At 3 weeks, the animals were
anesthetized with ether inhalation and sacrificed by
decapitation. The testes were surgically excized (Fig. 1)
and decapsulated in phosphate buffer saline (PBS). The
geminiferous tubules were treated with collagenase,
washed several times with PBS and placed in dulbecco’s
minimum esgential medium (DMEM), Sigma Chemical
Co., Ltd, USA). After washing several times with
DMEM, the tissues were finally placed in DMEM
treated with anfibiotics containing 200 unit penicillin
100 TU mL~', streptomycin 100, gentamycin 40 and
fungizone 0.5 pg mL ™' and supplemented with 10% fetal
bovine serum {Cansera International Inc., Canada). The
seminiferous tubules were then placed in 100 cm? culture
dish (Fulcon® and kept at 32.5°C in a humidified
atmosphere containing 95%o air and 5% CO, for 3 weeks.
The medium was changed at 24 and 96 h. Untfil this time,
the medium contained antibiotics. Thereafter, the medium
was changed every 3 days until the color of the medium
changed into yellow. The culture was maintained for
3 weeks to avoid germ cells contamination. After 3 weeks,
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Fig 1: Histological structures of 3 weeks old rat testis.
Seminiferous tubules contain contaminated germ
cells. H and E sfain. X 10

the medium was removed and the seminiferous tubules
were washed with DMEM and then resuspended in
antibiotics-free medium™. The seminiferous tubules were
also resuspended in 24 Multi well plate (Sumilon®) and /or
the Millipore filter with reconstituted basement membrane
extracts™,

Bisphenol-A (BPA) was purchased from Wako Pure
Chemical Industries Ltd., Japan. Three days later after
final sedation, the culture was treated with BPA at the
concentration of 10, 100 and 1000 pg mL™!, respectively.
The control group was treated with only vehide (corn oil).
At 2, 4 and 6 days after treatment, the culture was
processed for histopathological studies.

Light microscopy: The medium was removed and the
culture was gently rinsed 2-3 times in PBS followed by
fixation with 4%6 paraformal dehyde. The tissues were then
processed for paraffin embedding. The sections of
paraffin blocks were cut at 5 pm in thickness. Stained with
hematoxylin and eosin and or PAS stain. The specimens
were then observed with a light microscope and
photographs were taken. Twenty selected slides from
each group were studied and one hundred round
seminiferous tubules were selected for measuring the
diameter of the tubules uszing a digital digitizer {Osaka,
Japan). The number of sertoli cells in each round
seminiferous tubule was counted.

Transmission electron microscopy: For transmission
electron microscopy, the specimens were fixed in 2.5%
glutaral dehyde-0.05 M cacodylate buffer (pH, 7.4) at 4°C
for 2.5 h and then washed 3 or 4 times with the same
buffer. They were post fixed in 1% osmium tetroxide
{0s0,) for 1 h, dehydrated through a graded series of
ethanol and embedded in Araldite. Thin sections were cut
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at approximately 1 um in thickness, stained with 1%
toluidine blue and observed usmg light microscopy.
Ultrathin sections were cut and stained with uranyl
acetate and lead citrate and examined with a JEM-1200 EX
transmission electron microscope at 80 Kv.

Statistical analysis: The diameter of 100 round
seminiferous tubule cross sections from each group was
measured and the number of sertoli cells in each tubule
was counted. The data calculated was expressed as the
mean+3SEM. The significance between each group
(p<0.05) was determined with single factor analysis of
variance (ANOVA) by using SAS 6.12 (SAS Institute,
Cary, NC, USA).

RESULTS

Light microscopy: Contaminated germ cells were
completely disappeared after 21 days of culture.
Histopathologically, the meidence of pyknotic sertoli
cells, focal necrotic seminiferous tubules, vacuolization of
the sertoli cells, were increased with the time of exposure
and concentration of BPA, compared to those of control

groups (Fig. 2a-f).

Morphometry: At 2 days after treatment, the diameter of
the semimiferous tubules together with the number of
sertoli cells per area were sigmficantly decreased,
compared to those of the control group (p<0.05). The
diameter and the number of sertoli cells were gradually
decreased in dose-and time-dependent manners. The
maximal change was observed at the concentration of
1000 pg m1L.~" and at 6 days after treatment (Fig. 2 and 4).

Transmission electron microscopy: The seminiferous
tubules obtamed from the petridish and/or Millpore filter
membrane were examined using transmission electron
microscopy. Most of the cells in the control group
revealed normal in structure (Fig. 3a). While, in the treated
groups, degenerative sertoli cells with several large
vacuoles, electron-dense materials in the cytoplasm, small
vacuoles of different sizes, condensation of the nuclear
materials, were frequently recogmzed (Fig. 3b). The
finding was similar to that in our previous BPA study in
the primary sertcli cell culture™. No morphological
difference was observed between the samples from the
Petridish and those from the Millipore filter membrane.

DISCUSSION

The sertoli cell population has been sigmficantly
reduced after treatment with BPA on the cultured sertoli
cells in our previous study™. In in vitro study, BPA
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inhibited physiological functions and or morphogenesis
of cultured embryos and induced major malformations in
rats,

In amimals or cell cultures, BPA can bring changes in
estrogen-sensitive organs or cells™. In vivo study of
pentachlorophenol mn ram revealed significantly decreased
and weight, of
seminiferous tubules and sperm density and the alteration
of major endeocrine functions those directly involved with
reproduction™. They also added that long term effects of
this chemical from conception to maturity influenced
greatly in both reproductive and endocrine functions.

BPA affected rat spermatogenesis even at a low
dosel®. They pointed out that a single exposure of BPA
significantly rteduced daily sperm production and
testicular weight in rats. Environmental estrogens
interfered with spermatogenesis by affecting proliferation
and differentiation of sertoli cells during fetal stage™.
Time -and dose -dependent reductions in the diameter of
seminiferous tubules and the number of sertoli cells in the
present study is in well agreement with the data in rams™’
and with our previous study inrats™. The maximal effects
were observed at the concentration of 1000 pg mI.~" and
at 6 days after treatment. In some areas, it revealed some
necrotic seminiferous tubules, pyknotic nucleus and
vacuolization of sertoli cell. This finding is much similar to
the report in rams™® and rats”. In rats immediately after
birth, BPA brought the morphological changes of their
testicular tissues™.

Various toxicants as well as endocrine disruptors
including BPA are known to affect directly sertoli cells”!.
The exposure to these reproductive chemicals at
prepubertal stage reduced the sertoli cell replication™. In
most species meluding humans, sertoli cells proliferate at
fetal, neonatal and prepubertal stages. This proliferation
is mainly controlled by FSH and ceases before the onset
of puberty. The exposure to exogenous estrogens at these
stages of life can lead to the suppression of FSH secretion
and caused a reduced rate of sertoli cell proliferation™ ™1,
The significantly decreased number of sertoli cells in
this study is in well agreement with the reports of
Pelliniemi et al."™ and Sharpe et al."™. A dose-and time-
dependent testicular toxicity was induced in rats after
treatment with cadmium chleride™. The present findings
are well consistent with their report.

To clanty the mechamsm of action of reproductive
toxicants, a number of nvestigations have been carried
out in vive and in vitro. Several hypotheses have been
advocated on the possible mechanism of action of
reproductive toxicants. The investigators commonly
agreed on a point that sertoli cells may be used as a
pioneer and useful tool to explore the power and  action

testicular size reduced diameter
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Fig 2:

Photographs of the cultured rat testes after treatment with BPA for 2, 4 and 6 days. Fig. 2a, ¢ and e are normal

vehicle treaiment for 2, 4 and 6 days. Whereas, Fig. 2b, d and f are treated with bisphenol-A at the concentration
of 1000 pg mL~". Focal necrotic seminiferous tubules (Fig. 2b, d and f large arrows), increased incidence of
pyknotic nucleus (Fig. 2f, arrowheads) and vacuolization of sertoli cells (Fig. 21, small arrows) are common in the

treated groups. H and E stain X 10

mechanism of potential male reproductive toxicants™.
There are several ways by which reproductive toxicants
can induce sertoli cell dysfunction and testicular
injury®™®3  Such compounds may alter germ cell
attachment, disturb apical cytoskeletal fransport, or
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induce microtubule dependent transport defects. This in
turn will lead to the germ cell l1oss and the disruption of
the seminiferous epithelium™.

After the chronic exposure with cocaine, distinct
histopathological changes of testicular tissues were



J. Med. Sci., 4(3): 225-231, 2004

N

b

Fig. 3: Transmission electron micrographs of zertoli cells
in culture. The sertoli cell shows normal in
structures (3a, confrol). sertoli cell reveals large
vacuoles (V), electron-dense materials (small
arrows) in the cytoplasm, small vacuoles of
different sizes (large arrows) and condensation of
nuclear materials (arrowhead) in the nucleus after
treatment with BPA 1000 pg mL~', for 6 days
N=Nucleus

observed in male rats at prepubertal stage®. They
suggested that cocaine interferes with the autonomic
nervous regulatory functions at postsynaptic junctions of
the nerve terminals, resultz in intense wvasgocongtriction
and then cause an unusual occlusion of the testicular
artery. However, the exact mechanism of action of the
reproductive toxicants including BPA still remains to be
undleart,

In conclusion, it is suggested here that the treatment
with relatively high-dose of BPA showed a direct effect
on sertoli cells in culture from prepubertal rats. As the
total number of germ cells depends on the number of the
gertoli cells, the significantly declined number of sertoli
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Fig. 4: Shown dosze-and time-dependent decrease the

number of sertoli cells per area of the seminiferous
tubules. Values represent the meantSEM. The
significance between freated group and control
group is recognized (p<0.05)

cellz in the earlier stage must be influenced on the male
reproduction. A further study iz now underway to
elucidate the possible mechanism of action of this
chemical on sertoli cells.
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