
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
A

pr
il 

20
18

. D
ow

nl
oa

de
d 

on
 1

1/
28

/2
02

5 
4:

12
:3

6 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Early maturation
Department of Animal Behaviour and Ph

Madurai Kamaraj University, Madurai-62

com; Fax: +91-452-2459139; Tel: +91-452-2

† Electronic supplementary informa
10.1039/c7ra11432j

Cite this: RSC Adv., 2018, 8, 12894

Received 16th October 2017
Accepted 17th March 2018

DOI: 10.1039/c7ra11432j

rsc.li/rsc-advances

12894 | RSC Adv., 2018, 8, 12894–1289
and liver necrosis in the fingerling
stage ofOreochromis mossambicus due to BPA can
cause an ecological imbalance†

Abhijit Manna and Chinnaiah Amutha*

We investigated the effect of Bisphenol-A (BPA) on the fingerlings of Oreochromis mossambicus collected

from industrial waste. Fluorescence quenching assay using Rhodamine-B and mass detection assay using

ESI-MS revealed that BPA was predominantly present in plastic industry effluent, where the fingerlings'

ovaries exhibited early maturation. The histopathology of those fingerlings revealed a similar result. Both

quantitative and qualitative data obtained by ELISA and FPLC showed elevated levels of vitellogenin in

the fingerling stages after prolonged exposure to BPA present in the contaminated water. Our qRT-PCR

data showed a subsequent increased expression of vitellogenin in those fingerlings obtained from

contaminated effluent. FACS analysis suggested that BPA generated a significant amount of ROS in the

livers of those fingerlings, leading to necrosis in hepatocytes.
Introduction

The role of xenobiotic compounds in water pollution and their
harmful effects on living organisms is well known. However,
there is no such in-depth investigation and remedial measures
available against these xenobiotic compounds. Industrial waste
is the primary source of endocrine disrupting chemicals (EDCs).
The endocrine system is one of the most intricate and essential
systems that regulates different essential hormones used in
various cellular functions.1 Endocrine disrupting chemicals can
alter the endocrine system by affecting these hormones. Some
EDCs can resemble key hormones2 and as a consequence, the
hormonal regulation can be altered.3 Exposure to EDCs has
been associated with numerous adverse reproductive defects,4,5

such as reduction in female fecundity as well as male sperm
motility, longer time to conception, and massive miscarriage
rates.6,7 Aksglaede et al., 2009 and Roy et al., 2009 reported that,
the age at menarche advanced slowly in females' mostly in
developing countries and there might be a role of EDCs.8,9 EDCs
have been found to delay the sexual development of sh.10–13

Bisphenol-A [(4,40-propane-2,2-diyl)diphenol] is a phenolic
compound containing two benzene rings along with two OH
substituents, which can t perfectly on the estrogen receptor.
Therefore, it behaves like an environmental xenoestrogen.
Bisphenol-A is usually present in low-quality plastics and
leaches when these plastics are in contact with water.14,15 Plastic
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industry discharge units are considerable sources of BPA,
causing environmental pollution. Different kinetic parameters
have revealed that BPA competes with estrogen for its receptor
even at a micromolar level and causes grave consequences.16

BPA is a causative agent of breast cancer17 and also contains
potential antagonistic androgenic activity.18–20

Fish are considered as a convenient animal model to study
the effect of xenobiotics in the aquatic ecosystem. There are
various reports stating that Oreochromis mossambicus (Mozam-
bique tilapia) and Oreochromis niloticus (Nile tilapia) are the
predominant model freshwater sh. Apart from their fast
growth rate, water quality, heavy metal toxicity, and oxidative
stress in the aquatic environment can be easily detected from
their physiological and genetic changes.21,22 Juvenile Oreochro-
mis mossambicus are used as an animal model for EDC assay
because it is easy to measure the levels of vitellogenin (Vtg)
mRNA in the early developmental stages where the expression
of vitellogenin is low.21,23 Other than consumption through diet,
sh can absorb BPA through their gills, where mostly BPA gets
deposited, but metabolize. Even though liver has its own
detoxication limit, BPA deposition takes place if the concen-
tration of BPA in the liver exceeds its detoxication limit.
Moreover, defects in both BPA metabolism and its deposition
may trigger estrogenic modulation, including excessive secre-
tion of vitellogenin (egg yolk precursor proteins) in females and
a minute secretion quantity in males.24 Vitellogenin (Vtg) is
a wide-range molecular weight (250–600 kDa) calcium-binding
egg yolk protein, which is essential for oocyte maturation.25

Vtg is usually produced due to estrogenic stimulation in the
liver and then released into the blood. BPA contamination in
water leads to oxidative stress, destruction of macrophages
(dysregulation of the immune system) and early maturation of
This journal is © The Royal Society of Chemistry 2018
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ovaries in sh. We investigated the endocrine disrupting effect
of BPA on Oreochromis mossambicus collected from BPA
contaminated water.
Materials and methods
Detection of BPA in different effluent samples

Water samples polluted with the effluent of industrial wastes
from industries such as electroplating, tanning, rubber, paper,
steel, dye, fertilizer, textile and plastic were collected. For each
differently polluted effluent, 20mL of sample wasmixed with an
equal volume of ethyl acetate (analytical grade), followed by
vigorous shaking. Aer extraction, the organic part of all the
samples was collected. Any remaining aqueous part, which
entered in to the organic part, was removed by adding anhy-
drous sodium sulfate.26 The uorescence of Rhodamine-B27 is
usually quenched in the presence of BPA. Aer extraction, the
organic part of individual industrial effluent was mixed with an
equal volume of Rhodamine-B (10 nM) and the emission
spectra of all extracted samples were recorded at 625 nm along
with that of standard Rhodamine-B.28 The degree of quenching
is directly proportional to the concentration of BPA present in
that specic effluent sample.20 Aer ethyl acetate extraction, all
samples were kept at room temperature for complete evapora-
tion, followed by mixing with methanol (MS grade) and then,
the samples were analysed using ESI-MS. The ESI-MS data were
compared against a standard ESI-MS peak of BPA to conrm its
presence.20 Generally, in ESI-MS, the molecule of interest
ionizes and thus gains either positive or negative charge and
then, the ions will travel through the mass analyzer, where they
will be detected on the basis of mass/charge ratio (m/z). Relative
abundance is displayed as a result according to m/z ratio.29
Effect of BPA on the ngerlings of Oreochromis mossambicus
(Mozambique tilapia) and detection of differential changes

Fingerlings of Oreochromis mossambicus were collected from
natural water bodies, such as ponds, contaminated with
different industrial effluents. Usually, shermen released the
spawns of Oreochromis mossambicus in these water bodies for
farming in a natural environment and aer two months, they
grow into ngerlings; alternatively, the shermen directly
released the ngerlings in the waterbodies. In most cases,
specic industrial effluents either directly contaminate these
water bodies or aer absorption in the soil, it will contaminate
the nearby water bodies, mostly during the rainy season. As
a result, aquatic organisms such as sh are severely affected.
According to the shermen's information, for this study, all
ngerlings were collected from different contaminated water
bodies aer one month of exposure.

Ten ngerlings (equal number of male and female) of
Oreochromis mossambicus were collected separately from water
bodies (natural growth environment) contaminated by different
industrial effluents. Similarly, equal numbers of male and
female ngerlings were collected from non-contaminated water
bodies (natural growth environment) to serve as controls. All
ngerlings were dissected using sterile dissection apparatus. In
This journal is © The Royal Society of Chemistry 2018
addition, as a positive control in semi-natural conditions,
healthy ngerlings collected from a sh farm were grown in
a cement tank with BPA treatment (200 ppm concentration) for
one month. Ovaries and testes were carefully observed for the
presence of maturation or abnormalities. Liver, testis and ovary
samples of different sets of ngerlings were collected from
contaminated and non-contaminated water washed in 1� PBS
(pH 7.4), followed by storage in 25% formalin and were subse-
quently sent for histopathological slides' preparation. Similarly,
liver, testis and ovary samples of positive control ngerlings
were also sent for histopathological analysis. During histolog-
ical slides' preparation, the tissue was rst xed in 10%
formalin solution, followed by dehydration using alcohol.
Subsequently, it was embedded in wax and sectioned using
a microtome. Finally, sectioned tissues were mounted on clean
slides and stained by applying hematoxylin-eosin.30 Histopa-
thology slides were observed carefully under a light microscope
and compared with the control (ngerling without exposure to
BPA contaminated water) and the positive control (ngerling
with exposure to BPA in semi-natural conditions) to identify the
deformities caused due to BPA contamination. Vitellogenin is
a biomarker of ovary maturation secreted in the adult stage of
sh; however, the endocrine disrupting effect of xenoestrogens
such as BPA may also cause its secretion. Due to pollution by
BPA, vitellogenin expression increased in the early ngerling
stage, indicating endocrine disruption. The increased level of
vitellogenin during the early ngerling stage can be used as
a biomarker to study the endocrine disrupting effect caused due
to EDCs like BPA. Simultaneously, xenobiotic compounds can
enhance the secretion of aromatase. Liver samples collected
from different ngerlings were crushed gently in PBS (pH 7.4)
using sterile mortar and pestle, followed by centrifugation at
5000g for 10 minutes. Then, 65% fraction from ammonium
sulfate precipitation was run in DEAE-cellulose31 via fast protein
liquid chromatography. The peak appearing in the NaCl
gradient line was collected separately and conrmed using
a vitellogenin specic ELISA kit [CUSABIO Grouper Vitellogenin
(VTG) ELISA Kit-CSB-EI4116Fh].2,32 A plasma sample was used
in a similar manner for the detection of vitellogenin secretion.
Aromatase is secreted from the brain in the presence of xeno-
biotic contaminants. Following the same procedure as the liver
sample, the brains were collected from the same sets of
ngerlings, crushed into the same buffer, and centrifuged at
5000g for 10 minutes. The resultant supernatant was used for
ELISA using the aromatase specic ELISA kit [CUSABIO Cyto-
chrome P450 19A1 (CYP 19A1)-CSB-EL006394HU].20 The
concentration of vitellogenin secretion from liver and plasma
along with aromatase secretion from the brains were compared
with control ngerlings and statistically analyzed using one-way
ANOVA.

Expression of vitellogenin gene in both control and
contaminated ngerlings was determined using qRT-PCR. Liver
samples were stored in RNA later solution to halt RNase activity.
Then, 100 mg of the liver sample was homogenized using
a sterile micropestle, followed by the addition of 500 mL of
TriZol and incubation at room temperature for 5 minutes. Aer
incubation, 200 mL of chloroform was added and mixed
RSC Adv., 2018, 8, 12894–12899 | 12895
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vigorously, followed by incubation at room temperature for
further 10 minutes. Subsequently, the sample was centrifuged
at 12 000 rpm for 15 minutes at 4 �C and then, the supernatant
was transferred into a fresh microfuge tube before the addition
of 500 mL of isopropanol. The sample was incubated at room
temperature for 10 minutes for precipitation, followed by
centrifugation at 13 000 rpm for 10 minutes at 4 �C; then, the
pellet was washed with 150 mL of 75% ethanol. The dried pellet
was resuspended in 50 mL of DEPC treated water and stored at
�80 �C. DNase-treated RNA was used as a template for the
synthesis of rst strand cDNA. First strand cDNA was con-
structed using RevertAid H Minus First Strand cDNA synthesis
kit (Thermo SCIENTIFIC-K1621) for all ngerlings and the
differential vitellogenin gene expression was quantied using
an ABI Prism 7000 qRT- PCR machine.2 Each 10 mL qRT-PCR
reaction contained 5 mL of 2� SYBr Green Mix, 1 mL of cDNA,
2 mL of MilliQ, 1 mL of (10 pmol mL�1) forward and reverse
vitellogenin gene (Vtg) specic primers (F-
TCGAGCTGGGGTTAAAATC, R-TGGCAGTGGTTCAGGTC).22 The
thermal cycle program was set to 94 �C (3 minutes), followed by
35 cycles of 94 �C (30 seconds), 55 �C for (30 seconds), and 72 �C
(45 seconds).23 Each sample was evaluated in at least triplicate.
Fig. 1 Dissection images clearly revealed that ovary (Ov) of control finge
industry effluent showed early maturation like positive control because o
testis (Tf) of control along with fingerling caught from plastic industry effl
of BPA against androgen.

12896 | RSC Adv., 2018, 8, 12894–12899
b-actin was used as an internal control and the data was
analyzed via DDCT method.33 The vitellogenin gene expression
fold change was statistically analyzed using one-way ANOVA.
Reactive oxygen species generation in liver

Liver samples obtained from different sets of ngerlings were
crushed in phosphate buffered saline (pH 7.4). The entire
crushed sample was centrifuged for 10 minutes at 10 000 rpm at
4 �C. The supernatant was collected, following which 10 mM
20,70-dichlorouorescin diacetate was added and then, the
sample was subjected to FACS (uorescence activated cell
sorting) analysis to detect ROS (reactive oxygen species). In
FACS, cells in a liquid stream pass through a laser beam in
a single le and the interaction with light is measured as light
scattering and uorescence. ROS are generated in cells due to
several reasons; toxic chemicals are one of the predominant
inducers of ROS. The compound 20,70-dichlorouorescin diac-
etate is a widely used ROS indicator; it gets oxidised, converted
into uorescent 20,70-dichlorouorescin, and it will be deter-
mined in FACS.34,35
rling is immature but the ovary of the fingerling collected from plastic
f the endocrine disrupting activity of BPA (estrogen mimicking role) but
uent clearly manifested the immaturity because of the antagonistic role

This journal is © The Royal Society of Chemistry 2018
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Fig. 2 Quantitative real time PCR showed that female fingerling collected from plastic industry effluent showed up-regulation of vitellogenin
with respect to b-actin gene; in case of male, although vitellogenin is down-regulated, expression has been increased with respect to control.
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Ethical statement

Fish were maintained in accordance with the guidelines of the
American Fisheries Society (guidelines for the use of sh, 2014)
and approved by the Institutional Ethical Committee of
Madurai Kamaraj University [Internal Research and Review
Board (IRB), Ethical Clearance (EC), Biosafety and Animal
Welfare Committee].
Results and discussion
Detection of BPA in the effluents and its effect on Oreochromis
mossambicus

The maximum quenching of Rhodamine-B uorescence was
observed in the contaminated water sample collected from
plastic industry effluent (Fig. Sp-1†) and it was almost confused
with the uorescence quenching that occurred in presence of
200 ppm concentration standard BPA.28 ESI-MS data of the
plastic industry effluent sample revealed that the intensity of
BPA peak at m/z 227 was similar to (Fig. Sp-2†) the standard
This journal is © The Royal Society of Chemistry 2018
200 ppm BPA peak. All other industrial effluent samples showed
the presence of BPA, but the highest amount of BPA was found
in the effluent from the plastic industry. All ngerlings (ten
ngerlings (equal number of male and female) each from every
site) collected from each of the various contaminated sites were
analyzed. Experiments were performed in triplicate (gure not
given). High level of EDC was found in the ngerlings that were
contaminated and collected from plastic industry effluent.
Hence, this study was focused on the effect of the plastic
industry effluent on ngerlings. Aer dissection, similar to the
positive control (Fig. 1), fully matured eggs were observed in the
ovaries of female ngerlings collected from water polluted with
the plastic industry effluent, but the ovaries of control nger-
lings manifested no abnormal (immature) conditions and
remained immature, which is expected at this stage. Moreover,
both control and effluent testes were normal. Histopathology
slides under light microscopy revealed that ovaries of the
ngerlings obtained from themost polluted water appeared like
mature ovaries, similar to the positive control (Fig. Sp-6†).
RSC Adv., 2018, 8, 12894–12899 | 12897
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Fig. 3 ROS generation detection in the liver of effluent fingerlings using FACS.
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However, in the controls, the ovaries remained normal (imma-
ture) (Fig. Sp-3†).

Due to the acidic nature of BPA, hepatocytes were lysed in
both male and female ngerlings collected from plastic
industry effluents; however, hepatocytes were normal in the
livers of control ngerlings (Fig. Sp-4†). The histopathology of
the testes from effluent and control ngerlings exhibited
normal (immature) conditions (Fig. Sp-5†). During histopatho-
logical analysis, liver, ovary and testis samples from all ten
ngerlings collected from each effluent were used. Two peaks
(P-1, P-2) appeared in FPLC (Fig. Sp-7†) aer running the 65%
ammonium sulfate saturated fraction of the liver in a DEAE
prepacked column. The fractions corresponding to those two
peaks were used for ELISA using the vitellogenin specic ELISA
kit and it was clear that peak one (P-1) appeared due to vitel-
logenin. In addition, the liver fraction of the control ngerlings
did not show any distinguishing peak; this may be due to low
production of vitellogenin. Separately, liver and plasma samples
were used to detect the quantity of vitellogenin production
using ELISA. It was clear that female ngerlings collected from
plastic industry effluents manifested early maturation due to
endocrine disruption.

Similarly, production and quantity of aromatase was very low
in control ngerlings when compared to ngerlings collected
from the plastic industry effluents-contaminated water. Statis-
tically signicant differences were observed in the production of
both vitellogenin and aromatase (P < 0.001). This indicates that
both vitellogenin and aromatase production was signicantly
higher in ngerlings exposed to the plastic industry effluent
(Fig. Sp-8–Sp-10†). This is due to the endocrine disrupting effect
of BPA present in ample quantity in the plastic industry effluent.
Quantitative real-time PCR (Fig. 2) also revealed that the vitel-
logenin gene expression in female ngerlings captured from the
same contaminated water was up-regulated as compared to b-
actin gene expression, while the converse was true in control
ngerlings (P < 0.001). In male ngerlings, vitellogenin gene
expression was not up-regulated, but ngerlings exposed to
plastic industry effluent showed higher expression of
12898 | RSC Adv., 2018, 8, 12894–12899
vitellogenin than the controls. During the quantitative real-time
PCR experiment, RNA was extracted from ten ngerlings (equal
number of male and female) and this experiment was per-
formed in triplicate.
Generation of reactive oxygen species in liver

FACS analysis showed that the liver samples of effluent exposed
ngerlings contained 89% of ROS (reactive oxygen species), but
in the control sample, no signicant ROS generation was
observed. This experiment was conducted to detect the cause
for necrosis in the livers of effluent contaminated ngerlings.
Apart from its phenolic and acidic nature, BPA can form
a signicant amount of ROS inside the liver.36 This could have
triggered the necrosis of hepatocytes as observed in Fig. 3. This
study clearly demonstrated the estrogenic role of BPA causing
early maturation in the female ngerlings. Moreover, due to the
antagonistic role of BPA against androgen, the testes remained
immature and severe necrotic effect on hepatocytes was also
observed due to drastic ROS generation.37
Conclusion

BPA is a predominant endocrine disrupting chemical with
estrogenic activity, favoured by its structural similarity to
estrogen and higher binding affinity with the estrogen receptor.
BPA is found in both domestic and industrial sites. In the
modern era, most of the plastics industries are using low quality
epoxy resins. This consequently generates adequate quantity of
BPA when released in water bodies even for a moderate period
of time. ESI-MS and Rhodamine-B uorescence quenching
assay clearly showed that the quantity of BPA is signicantly
higher in the plastic industry effluent than in other effluents.
Histopathology analysis of the female ngerlings of Oreochromis
mossambicus exhibited early mature ovaries with fully matured
eggs although male ngerlings were immature. Also, the liver
histopathology showed necrotic hepatocytes along with ample
quantity of ROS due to BPA in the liver. Subsequently, it appears
that the consumption risk of BPA has been increased. BPA is
This journal is © The Royal Society of Chemistry 2018
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silent killer as it can seriously affect life forms by causing
ecological destabilisation.

We suggest that BPA contamination can cause prematura-
tion in the ovaries of Oreochromis mossambicus when exposed
for longer periods due to estrogenic activity. In addition, the
antagonistic role of BPA against androgen caused atrophied
testes in the male ngerlings. This can distort the reproductive
scenario ofOreochromis mossambicus due to an imbalance in the
sex ratio. Thus it poses a threat of endangering the species
because only female maturation cannot full reproductive
success. Considering this as a model species of toxicological
analysis, this study suggests that BPA can produce a similar
effect on other species. As a result, ecological destabilization
can occur. We suggest that necessary measures should be taken
to prevent the ecological imbalance caused by endocrine dis-
rupting substances such as BPA.
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L. Bláha, Water Res., 2016, 103, 133.

16 J. C. Gould, L. S. Leonard, S. C. Maness, B. L. Wagner,
K. Conner, T. Zacharewski, S. Safe, D. P. McDonnell and
K. W. Gaido, Mol. Cell. Endocrinol., 1998, 142, 203.

17 C. Arboleda, H. Cabana, E. De Pril, J. Peter Jones,
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