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ABSTRACT 

Bisphenol A (BPA) is widely used in manufacturing industries. It is commonly detected in the 
environment and was reported to exert oestrogenic effects which may be harmful to the re-
productive system. The present study was carried out to observe the effects of oral administra-
tion of BPA on the development of the reproductive organs and plasma sex hormone levels in 
prepubertal male Sprague-Dawley (SD) rats. Prepubertal male SD rats (n=8 in each group) 
were administered BPA in the doses of 1, 5, 10 and 100 mg/kg BW (body weight) via oral 
gavage for a period of 6 weeks. The control animals received the vehicle for BPA (Tween 80 
in distilled water). Following 6 weeks of BPA exposure, the rats exhibited less evidence of 
spermatogenesis. There was seminiferous epithelial damage which included disruption of in-
tercellular junctions and sloughing of germ cells into the seminiferous tubular lumen. Fur-
thermore, the lumina of the seminiferous tubules and the epididymis of these animals were 
filled with immature germ cells and cellular debris. This damage may lead to the significant 
reduction in the seminiferous tubular diameter in BPA-treated animals. These findings were 
associated with the significant lower plasma testosterone and 17β-oestradiol levels. There was 
no significant difference between the body weight gain, the absolute as well as relative testis 
weight or epididymal weight of BPA-treated animals when compared to the control animals. 
The findings provided further evidence of the detrimental effects of BPA on the male repro-
ductive system. 
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INTRODUCTION 

Various endocrine disrupting chemicals 
(EDCs) are commonly used in daily life. 
These chemicals are also present in the en-

vironment and prove to be harmful to hu-
man and animals. The environmental con-
taminants affect normal functions of the 
endocrine and reproductive systems either 
by mimicking or inhibiting endogenous 
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hormone actions, or modulating the synthe-
sis of hormones (Sonnenschein and Soto, 
1998). The developmental stage (embryon-
ic, fetal and juvenile) is sensitive to EDC 
(Kavlock et al., 1996). Exposure of the fe-
tus to some oestrogenic compounds alters 
the growth and development of the repro-
ductive organs that may lead to infertility or 
cancer (Naciff et al., 2002; Timms et al., 
2005). An oestrogenic EDC can cause al-
teration in the hypothalamus-pituitary-
testicular axis leading to dysfunctional re-
productive system later in adulthood 
(Ramos et al., 2003; Timms et al., 2005).  

A common EDC found in the environ-
ment is bisphenol A (BPA), which is wide-
ly used in manufacturing polycarbonate and 
plastic materials. Human exposure to BPA 
may originate from various sources and 
routes, including leaching from plastic lin-
ing of food cans, polycarbonate baby bot-
tles, white dental fillings and sealants 
(Brotons et al., 1995; Chung et al., 2012; 
Geens et al., 2012). This is evident from 
reports of BPA being detected in canned 
food (4-23 µg/can), canned beverages (7-
58 µg/g) and saliva (90-913 µg/saliva one 
hour following application dental sealant) 
(Brotons et al., 1995; Olea et al., 1996). 
BPA exposure does not always occur only 
in the adult period, rather it even occurs in 
the foetal and neonatal period and the toxi-
cokinematics is different in foetuses and 
neonates (Viberg and Lee, 2012). 

A European study described that migra-
tion of bisphenol A diglycidylether 
(BADGE) occurs in all species with rela-
tion to storage time-dependent manner, 
content of fat and the migration is not af-
fected by sterilization conditions. It is also 
interesting to note that European legislation 
does not allow the use and presence of 
BADGE (Cabado et al., 2008). Studies re-
ported that these products leach BPA, 
which causes contamination of the envi-
ronment thereby resulting human exposure 
and uptake in day-to-day life (Viberg and 
Lee, 2012). Interestingly, BPA has also 
been detected in the body fluids and tissues 

such as saliva, breast milk, placenta, amni-
otic fluid, blood and serum (Vandenberg et 
al., 2010). BPA has also been documented 
as a potential endocrine disruptor and tes-
ticular toxicant (D'Cruz et al., 2012). 

This clearly indicates that human expo-
sure to this endocrine disruptor is inevitable 
and warrants an assessment for the risks 
involved. Keeping the above facts in mind, 
the present study was undertaken to observe 
the effect of BPA on the development and 
hormonal status in experimental animals. 

An earlier study showed that mitochon-
drial enzymes in the testis such as succinate 
dehydrogenase, malate dehydrogenase, iso-
citrate dehydrogenase, monoamine oxidase 
and NAD dehydrogenase decreased in mice 
exposed to BPA (Anjum et al., 2011). BPA 
has been described to induce the conversion 
of xanthine dehydrogenase into xanthine 
oxidase in the rat liver thereby increasing 
the reactive oxygen species (ROS) (Sakuma 
et al., 2010). ROS generation and oxidative 
DNA may be responsible for the detri-
mental side effects of BPA on the human 
body.  

The risk assessment studies for BPA in-
variably used animal models such as rats 
and mice. Previous studies on BPA were 
mostly performed on prenatal animals. The 
rate at which BPA is cleared from the body 
system was reported to be dependent on the 
age and gender of the animal (Matsumoto et 
al., 2002; Inoue et al., 2005). The free level 
of BPA remains much longer in the body 
system of neonatal rats compared to the 
adults (Matsumoto et al., 2002). Their ca-
pacity to metabolize BPA was found to be 
increased in relation to the age of the ani-
mals (Domoradzki et al., 2004).  

The effects of BPA on pubertal devel-
opment of the reproductive system still re-
main unclear. Many of the past studies fo-
cused on the reproductive system but there 
is paucity of literature on the histological 
studies with concomitant observation on the 
hormonal status. Majority of the population 
in the developing countries may not be 
aware of the harmful effects of BPA on the 
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human body. Therefore, the present study 
was aimed to observe the effects of exoge-
nous BPA on pubertal development of pre-
pubertal male Sprague-Dawley (SD) rats. 
 

MATERIALS AND METHODS 

Animals 
Thirty two prepubertal male SD rats 

[postnatal day (PND) 21] were obtained 
from the Laboratory Animal Center, Facul-
ty of Medicine, University of Malaya. The 
animals were maintained under controlled 
temperature of 23-25 °C and relative hu-
midity of 57–60 % with 12 hr photo period. 
They were fed with rodent feed (Gold Coin 
Feedmills Pte. Ltd., Malaysia) and water ad 
libitum supplied in glass bottles. The study 
design and methodology was approved by 
the Animal Care and Use Committee of 
Faculty of Medicine, University of Malaya. 

Animals were allowed to acclimatise for 
one week prior to treatment on PND 28. 
They were randomly divided into 4 groups 
(n=8 in each group): (i) vehicle control 
(Tween-80 in distilled water), (ii) BPA 1 
(1 mg/kg BW of BPA, low), (iii) BPA 5 
(5 mg/kg BW of BPA, medium) and (iv) 
BPA 100 (100 mg/kg BW of BPA, high). 
Tween-80 (Sigma Aldrich, USA) in dis-
tilled water (1:9 v/v) was used as vehicle 
for BPA (Sigma Aldrich, USA). Since the 
‘no-observed-adverse-effect levels’ (NOAEL) 
for BPA was 5 mg/kg BW/day (Poole, van 
Herwijnen et al. 2004), we utilized BPA at 
doses 1, 5 and 100 mg/kg BW which were 
below, at and above NOAEL. BPA was 
administered by oral gavage route from 
PND 28-70 at 10:00-12:00 h, daily. Body 
weights of the rats were recorded weekly.  
 
Hormone analysis 

At the end of the experimental period, 
animals were anesthetized under diethyl 
ether followed by an intraperitoneal injec-
tion of chloral hydrate (BDH, England) on 
PND 70 and sacrificed. Blood samples were 
collected in tubes containing ethylenedia-
minetetraacetic acid (EDTA) (BD Vacu-
tainer, USA) as the anticoagulant, centri-

fuged and plasma obtained was stored at -
80 °C for testosterone and 17β-oestradiol 
measurement. Plasma levels of testosterone 
and 17β-oestradiol were determined using 
enzyme immunoassay (EIA) kits (Cayman 
Chemical, Ann Arbor, USA).  
 
Morphological analysis 

Selected reproductive organs were har-
vested and weighed. The weight of these 
organs was recorded and then standardised 
against the body weight to obtain relative 
organ weights. These organs were subse-
quently fixed in Bouin’s solution and pro-
cessed for histological evaluation. Paraffin 
sections (5 µm) of these organs were 
stained with Hematoxylin and eosin. Testes 
were examined and the seminiferous tubule 
diameter was measured using an image ana-
lyzer (Wetzlar, Germany).  
 
Statistical analysis 

Data was analysed using a one-way 
ANOVA (Prism 2.0, Graph Pad software, 
USA) and Dunnett’s test was used to com-
pare between the control and treatment 
groups. Statistical significance was accept-
ed at P < 0.05.  

 
RESULTS 

Body and organ weight 
All animals in the control group as well 

as BPA-treated groups, showed similar 
progressive increase in body weight 
throughout the six weeks’ period of study 
(Table 1). No difference in the absolute as 
well as relative weights of the testis, epidi-
dymis, seminal vesicle and prostate be-
tween the control and the BPA-treated 
groups was observed.  
 
Seminiferous tubule diameter 

The rats treated with the highest dose of 
BPA (100 mg/kg bw per day) had signifi-
cantly reduced seminiferous tubule diame-
ter (p < 0.05) compared to control while the 
lower doses used in this study did not cause 
significant changes in the tubule diameter 
(Table 1). 
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Table 1: Mean body weight of rats, mean seminiferous tubule diameters, and mean absolute and rela-
tive organ weights of control and BPA-treated rats 

 
Treatment group 

 
Control 

 
BPA1 

 
BPA5 

 
BPA100 

 
Body weight (g) 
 
Right testis weight (g)  
[Relative weight] 
 
Right epididymis weight (g)  
[Relative weight] 
 
Seminal vesicle (g)  
[Relative weight] 
 
Prostate (g) 
[Relative weight] 
 
Seminiferous tubule  
diameter (µm) 
 

 
203.1  29.6 

 
0.89  0.31 
[0.44  0.17] 

 
0.56  0.18 
[0.28 ± 0.11] 

 
1.73 ± 0.47 
[0.86 ± 0.27] 

 
0.395 ± 0.042 
[0.196 ± 0.013] 

 
262.8 ± 13.5 

 

 
199.5  36.3 

 
0.98  0.28 
[0.50  0.15] 

 
0.57  0.13 
[0.29 ± 0.06] 

 
1.95 ± 0.39 
[1.00 ± 0.22] 

 
0.391 ± 0.028 
[0.200 ± 0.028] 

 
253.6 ± 26.7 

 
202.9  31.4 

 
1.12  0.19 
[0.55  0.05] 

 
0.61  0.20 
[0.30 ± 0.09] 

 
1.88 ± 0.46 
[0.92 ± 0.12] 

 
0.398 ± 0.025 
[0.199 ± 0.019] 

 
260.6 ± 12.9 

 

 
200.5  33.0 

 
1.06  0.18 
[0.53  0.05] 

 
0.75  0.32 
[0.36 ± 0.12] 

 
1.86 ± 0.70 
[0.91 ± 0.29] 

 
0.401 ± 0.021 
[0.187 ± 0.016] 

 
232.3 ± 18.3a 

Data are represented as mean ± SEM. Relative weights are expressed as weight (g)/100 g body weight. a Significantly different 
compared with the control value at P < 0.05.  
 
 
 
Hormonal status 

Plasma testosterone and 17β-oestradiol 
declined significantly following 42 days of 
BPA treatment in all treated groups when 
compared to the control (Figures 1 and 2). 
BPA1-treated group had the lowest testos-
terone level with the mean concentration of 
96 ± 21 pg/mL (p<0.01; versus the control 
group 227 ± 21 pg/mL), whereas the 
BPA100 treated group had markedly sup-
pressed 17β-oestradiol with the mean con-
centration of 12 ± 2 pg/mL (p<0.01; versus 
the control group 35 ± 4 pg/mL). 
 
Morphological changes 

The testes of the BPA-treated animals 
exhibited morphological changes compared 
to the control testes. While normal patterns 
of spermatogenesis were observed in the 
control animals (Figure 3A), those in the 
BPA-treated groups clearly indicated loos-

ening of the intercellular bridges between 
germ cells as well as between germ cells 
and Sertoli cells. This was supported by the 
presence of immature germ cells in the lu-
men of the seminiferous tubules even with 
the lowest dose of BPA (Figure 3B). Major-
ity of animals in the treated groups did not 
have mature sperms in their seminiferous 
tubular lumen. At least 50 % of rats from 
BPA5 exhibited sloughing of germ cells 
into the tubular lumen (Figure 3C), and 
BPA100 animals exhibited the most disrup-
tion where the seminiferous tubular lumen 
were filled with cellular debris and imma-
ture germ cells (Figure 3D). Furthermore, 
the epididymal tubules of the control ani-
mals contained maturing spermatozoa (Fig-
ure 4A), while those of the BPA-treated an-
imals showed empty lumen or lumen filled 
with cellular debris (Figure 4B-D). 
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Figure 1: Effects of varying doses of BPA on plasma free testosterone levels (mean ± SEM). Differ-
ences were statistically significant compared with the control value at a P < 0.01 and b P < 0.05. 

 
Figure 2: Effects of varying doses of BPA on plasma free 17-oestradiol levels (mean ± SEM). Differ-
ences were statistically significant compared with the control value at a P < 0.01 and b P < 0.05. 

 

 
DISCUSSION 

Male infertility is one of the major re-
productive disorders that warrant public 
concern. This disorder has been associated 
with oestrogenic compounds such as BPA 
(Toppari et al., 1996; Oliva et al., 2002). 
BPA and its derivatives may leach into 
food, beverages and utensils from products 
containing BPA. This happens because of 
incomplete polymerization during manufac-
turing or depolymerization caused by in-
crease of temperature induced intentionally 

(sterilisation purpose) or unintentionally 
(storage in warehouse) (Brotons et al., 
1995; Olea et al., 1996; Biles et al., 1997).  

The results of the present study indicate 
that exposure of pre-pubertal male rats to 
BPA below, at and above NOAEL (PND 
28-70) consistently showed some degree of 
disruption in the morphology and function 
of the testes. However, there were no sig-
nificant changes in the absolute and relative 
weight of the reproductive organs suggest-
ing that BPA did not alter the general 

a 

b 

a 

a 
b b 
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
Figure 3: Photomicrographs of testis from control group (A), BPA1 (B), BPA5 (C) and BPA100 (D). 
Note: 1, maturing spermatids; 2, disruption of intercellular junctions between germ cells; 3, sloughing 
of germ cells; and 4, lumen filled with cellular debris and immature germ cells. Scale bar (i) = 120 µm; 
(ii) = 60 µm 
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
Figure 4: Photomicrographs of epididymis from control group (A), BPA1 (B), BPA5 (C) and BPA100 
(D). Note: 1, lumen filled with spermatozoa; 2, lumen filled with debris and immature germ cells; 3, 
empty lumen. Scale bar = 60 µm 

 
 

growth of their reproductive organs. Earlier 
research studies did not observe any chang-
es in the weight of testis of rats treated with 
BPA at 40 and 200 mg/kg BW (Yamasaki 
et al., 2002). However, a study on adult 
male Holtzman rats (W13) administered 
with BPA 20 µg/kg BW showed a reduc-
tion in the testis weight, while another 
study reported BPA to cause an increase in 
the prostate weight, decrease in the epidi-
dymal weight and a reduction in the sperm 
production in rodents during pubertal de-
velopment (Sakaue et al., 2001).  

A decrease in the weight of reproduc-
tive organs in perinatal studies with chronic 
exposure to BPA was associated with a re-
duction in the testicular testosterone level. 
This may be due to dependency of these 
glands on androgen for development and 
maintenance (Akingbemi et al., 2004). De-
spite the significant decrease in the plasma 
testosterone level observed in the BPA-
treated animals, the present study did not 
show any difference in the weight of the 
reproductive organs of the experimental 

animals compared to the control animals. 
Earlier research results showed that prenatal 
exposure to BPA and arochlor increased the 
size of the prostate and decreased the epi-
didymal weight (Welshons et al., 1999). 
There are reports of altered differentiation 
pattern of periductal stromal cells of the 
ventral prostate following prenatal exposure 
to BPA (Ramos et al., 2001). However, a 
significant reduction was observed in the 
diameter of the seminiferous tubules of the 
animals treated with the highest dose of 
BPA (100 mg/kg BW). Interestingly, this 
observation has been reported previously by 
other researchers but at much higher doses 
of exposure to BPA (235-950 mg/kg BW) 
(Takahashi and Oishi, 2001).  

In the present study, it was noted that 
spermatogenesis was disrupted in all the 
BPA-treated SD rats. The seminiferous tu-
bules were devoid of spermatozoa even in 
animals treated with the lowest dose. Fur-
thermore, the seminiferous epithelium ap-
peared to be disintegrating with loosening 
of the intercellular bridges between germ 
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cells. Immature germ cells and degenerat-
ing germ cells were observed in the tubular 
lumen. The smaller seminiferous tubule di-
ameter may be attributed to the thinning 
seminiferous germinal epithelium with the 
highest dose of BPA.  

The process of spermatogenesis begins 
with differentiation of spermatogonia which 
requires testosterone action. The present 
results showed significant lower level of 
free plasma testosterone and 17β-oestradiol 
in the BPA-treated animals. It is postulated 
that the low testosterone level may have 
caused failure of spermatogenesis and dis-
ruption of the seminiferous epithelium. The 
low plasma testosterone level in BPA-
treated animals was probably due to inter-
ference of proliferative activity and devel-
opment of Leydig cells in rat (Nanjappa et 
al., 2012). The same study opined that BPA 
acts as a mitogen in Leydig cells (Nanjappa 
et al., 2012). The low level of 17β-
oestradiol on the other hand may be respon-
sible for apoptotic degeneration of male 
germ cells as described by Pentikäinen and 
co-researchers (Pentikäinen et al., 2000). 
This may explain the lack of spermatozoa 
and the presence of cellular debris in the 
lumen of the epididymis of BPA-treated 
rats. In addition, BPA at lower doses has 
been reported to induce complete degenera-
tion of epididymal epithelium with reduc-
tion in the number of spermatozoa of male 
Wistar rats. This observation was postulat-
ed to be due to either a decrease in serum 
testosterone or dihydrotestosterone (DHT) 
or even as a result of reduction in 5α-
reductase, an enzyme required to convert 
testosterone to DHT (Chitra et al. 2003). 

Akingbemi and co-researchers (2004) 
also reported lower levels of free plasma 
testosterone and 17β-oestradiol in BPA-
treated animals (PND 21-35) although the 
duration of exposure differed from the pre-
sent study (PND 28-70) (Akingbemi et al., 
2004). They concluded that testosterone 
production was reduced possibly due to a 
direct action of BPA on Leydig cells. This 
speculation was based on their finding that 

BPA suppressed aromatase gene expres-
sions which lead to reduced 17β-oestradiol 
biosynthesis. Aromatase is an enzyme nec-
essary for aromatization of testosterone to 
17β-oestradiol. A recent study reported that 
BPA caused a reduction in the number of 
Leydig cells as well as the testosterone lev-
els following 6 weeks of subcutaneous ad-
ministration (Nakamura et al., 2010). The 
research findings indicated that BPA expo-
sure is not only affecting the development 
and function of the reproductive organs at 
puberty but also throughout adulthood 
(Akingbemi et al., 2004).  

 
CONCLUSION 

The results of the present study provide 
further evidence to the adverse effects of 
BPA on the pubertal development of the 
reproductive system of male SD rats even at 
a level lower than NOAEL. The most sig-
nificant effects of BPA were: - (1) arresting 
spermatogenesis; (2) disruption of semini-
ferous epithelium and (3) reduction in free 
plasma testosterone and 17β-oestradiol lev-
els. In line with the recommendation by the 
World Health Organization, The Malaysian 
Health Ministry has imposed a ban on the 
use of polycarbonate infant bottles contain-
ing this xenoestrogen beginning early 2014. 
Campaigns for the awareness of BPA con-
taining products such as canned food, plas-
tic food containers and dental sealant and 
the possible detrimental effects may be in-
creased.  
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