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ABSTRACT

The present study was aimed to investigate the toxic effects of sub lethal concentrations of Bisphenol A (BPA) at
concentrations of 1/10th, 1/20th and 1/30% on a freshwater catfish (H. fossilis.) during 28 days of exposure. Significant
alterations in gonadal histopathology, gonadal- somatic index (GSI), protein and nucleic acid derived indices (RNA: DNA
ratio) were observed in dose dependent manner in fish exposed to fish exposed to BPA. Decrease in the gonadosomatic
index (GSI) was evident with increase of sub lethal doses of BPA. The histopathological changes of BPA exposed fish were
witnessed in gonads of H.fossilis reflecting their sensitivity to BPA-estrogenic like effects. Histopathological examinations
revealed detrimental changes at all the developmental phases. The histopathological examination clearly reveals the
impairment of spermatogenesis and lobular structures of testes in exposed fish. The disintegration of the testicular
histological organization in BPA treated fish may be due to the result of oxidative damage, which reflected in the
degenerative symptoms in testicular histology. Ovaries of Group 11, III and IV showed oocytes with abnormalities in shape
with disintegrated cytoplasm and higher percentage of follicular atresia in a dose-dependent manner in contrast with
control fish. Maximum reduction in DNA, total protein level was observed in the testicular tissue of Group IIl while RNA
levels were greatly reduced in the ovary of Group Il exposed fish. The reduction in RNA: DNA ratios were found to be
almost analogous in the testis and ovary of exposed fishes (1:0.459 and 1:0.454) respectively. The results demonstrate
the deleterious influence of sub-lethal doses of BPA significantly inhibited gonadosomatic index (GSI) and RNA: DNA
ratio as evidenced by their histology. We conclude that exposure to sub lethal concentrations of BPA in H.fossilis resulted
in a significant gonadal damage possibly due to high free radical production and the disruption in defense mechanism in
the gonadal tissue. This study will be beneficial for upcoming research in explaining the detailed effects of BPA in other
fish species.
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INTRODUCTION

BPA like endocrine disrupting chemicals (EDCs) has the capability to compete with endogenous steroid
hormones binding receptors to disturb and alter the synthesis of reproductive hormones [1 and 2].
Approximately more than one million pounds of BPA are released annually into the freshwater
environment [3]. BPA can enter the body via different ways such as ingestion, inhalation and dermal
absorption and interfere in the endocrine system. Regrettably, like other chemical pollutants, BPA (a
synthetic chemical) is also released into the food and environment from the various consumer products
(plastic bottles, food and beverage cans) [4, 5 and 6]. Published literature reveal that BPA mimics the
function of estrogens and can induce negative effects on reproductive function, immune system,
neuroendocrine system and overall health of the fish [7, 8, 9 and 10].

Reproduction is highly energetic process [11] that involves a series of metabolic activities in gonadal
tissues which are eventually under the control of nucleic acids [12]. BPA is known to enhance production
of reactive oxygen species (ROS) in fish species [13] that can attack a variety of biomolecules like RNA,
DNA, lipids and proteins leading to oxidative damages. Since the correct functioning of cells and tissue is
the crucial factor for the steadfastness of reproductive function, the study of histopathology and
biochemistry of gonads could definitely provide sensitive and correct biomarkers of BPA toxicity. Nucleic
acid content (RNA, DNA), protein content, and RNA/DNA ratio were sensitive to toxicant stress [14].
Therefore, the measure of nucleic acid content (DNA and RNA) in gonadal tissues is supposed as an index
of the ability of an organism for the synthesis of required proteins. The RNA: DNA ratio is based on the
statement that the amount of DNA is constant under varying ecological conditions within the somatic cells
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while the amount of RNA which openly involved in protein synthesis is identified to vary with age, phase
of the life cycle, and stress-state and with changing environmental conditions [15]. Thus, animal in good
health status be likely to have higher RNA: DNA ratios than do those in poor condition. Giesy and Graney
[16] used RNA: DNA ratios as biomarkers to notice chronic stress. The RNA: DNA ratio is the one of
widely-used sensitive and integrative biochemical index by which one can predict status of physiological
activity (growth, reproduction, secretion, etc.) of an animal under a specified environmental conditions
[17 and 18]. Bulow [19] considered RNA-DNA ratios as markers of growth and metabolism of a fish. RNA
is directly involved in protein synthesis and therefore increases in RNA content may reflect active protein
(enzyme) synthesis while DNA content is typically constant making the RNA: DNA ratio an indicator of
protein synthesis capacity per cell. Hypothetically, the growth rate is directly correlated to protein
synthesis, which consecutively is related to the amount of RNA in cells as the quantity of DNA in a cell
remains fairly constant, the RNA/DNA ratio would provide a good indication of the rate of protein
synthesis and hence growth. Indeed, RNA/DNA ratio has been considered to be a promising indicator of
growth in ecotoxicological studies [17].

The estrogenic activity of BPA is believed to be mediated through its binding ability to the oestrogen
receptors (ERs) in fish [2]. BPA is known to disrupt oestrogen / androgen ratio [20, 21 and 22],
feminization and alterations in gonadal development [8, 23, and 24], induction of vitellogenin production
[25, 26 and 27] RNA: DNA ratio, [18, 28 and 29], histopathological alterations in gonads [26, 30, 31 and
32] and oxidative stress [6, 26, 33, and 34]. Most of the detrimental effects of BPA in cells and tissues are
mediated by enhanced oxidative stress coupled with genomic and non-genomic mechanisms. Even
though, the intracellular reactive oxygen species (ROS) are decisive factors of cellular physiology, their
increased levels can directly affect DNA, RNA, and proteins, subsequently affecting the tissue to pathology
[35].

Histopathological examination proposes a potent means in the study of reproductive health of fishes [36,
37, 38, 39 and 40]. Gonadal histology, in conjunction with protein, nucleic acids and gonadal-somatic
index analysis can provide better evidences on the effects of different environmental stressors on
reproductive health. Gonado-somatic index (GSI) is one of the vital parameter and provides a thorough
representation on the subject of the fish reproductive strength and status. A number of researchers
employed GSI as a tool of indicator of reproductive status of fish and other organisms [41, 42, 43 and 44].
The recently published literature have shown that exposure to BPA reduced GSI index and gonadal
maturation in fish and other species [8, 45, 46 and 47]. Fish and other aquatic animals are
characteristically exposed to different concentrations of BPA at different stages of their life history
[48]. Though a huge amount of toxicological investigations have studied the effects of BPA in rodents [49,
50 and 51], but the potential effects of BPA exposure on fish health have hardly ever been studied.
Therefore, based on the availability and economic importance, the catfish H. fossilis was selected as test
organism. The primary objective of this investigation was to assess the effects of sub lethal concentration
of BPA on the reproductive function by examination of histopathological changes in gonads, measuring
the protein content, nucleic acids and enzymes in both ovary and testis and measuring serum levels of
steroid hormones involved in reproduction and metabolism.

MATERIAL AND METHODS

Experimental animal and Chemical

Healthy adult male and female fish of H.fossilis of approximately same weight and length (weight of 25.11
+ 1.13g and total length of 17.88 + 0.35) were purchased from local commercial fish market in the month
of June 2018 as March-June is known as the breeding period for H.fossilis [52]. Fish were sexed by
peripheral inspection of the urogenital papilla and by also microscopic observation of the gonads. After
acclimatization for 15 days to the laboratory condition, the fish were divided into 3 treatments (0.714,
1.428 and 2.142 mg/L of BPA and a control with 20fish (10+ 10 male and female) in each 40L aquarium.
The dosage selection of BPA was based on our earlier publications [5 and 6] respectively. All fish were fed
with commercial food pellets once a day. Test chemical, Bisphenol-A (BPA) of 99.8% pure was obtained
from Chemex Organochem Private Limited, Mulund West, Mumbai, Maharashtra (India). Cleaning, re
introducing with freshwater and feeding activities were sustained regularly on every alternative day. All
aquaria were placed in similar and natural environmental conditions. After the termination of
experiment, on 29th day, four fishes from each treated aquarium were handpicked and dissected for
testis and ovary and were immediately washed in 0.75% saline solution, blotted with tissue paper, kept in
Teflon tubes, and finally stored at -20°C for later analysis.

Gonadosomatic index (GSI)

The main and important reproductive parameter namely the gonadosomatic index (GSI) was calculated
by the method given by employing the following formula.
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Gonado somatic Index (GSI) =Weight of gonad/fish weightx100

Histopathology

Fixed gonadal tissue (testis and ovary) was administered for in graded ethanol series, cleared in xylene
and finally embedded in paraffin wax (melting point 60°C). The embedded block were sectioned at 6y on
a rotary microtome, mounted on glass slides, dried and stained with haematoxylin and eosin (H&E).
Sections were examined under a light microscope (NIKON ECLIPSE E 400, USA) and photographed by
using digital camera attached to the microscope.

Tissue Preparation

After 28 days of the experiment, both the testis and ovary were excised, weighed and soaked with tissue
rapidly from the male and female fish respectively and kept in the deep freezer until further use. The
tissues were weighed maximum up to 0.1g and homogenized in 2 ml of 0.5 M (pH 7.4) Tris-HCl ice cold
buffer by using REMI Lab Homogeniser (RQ-127A/D) equipped with Teflon pestle. The gonadal
homogenates were subsequently centrifuged at 9,000 rpm for 25 minutes at 4°C. The supernatant was
collected in Teflon tubes and immediately used for the biochemical analysis in all experimental groups
including control. Standard procedures used in clinical biochemistry laboratories based on protocol of
commercial Kits were followed for the determination of all biochemical parameters.

Biochemical estimations

Nucleic acids DNA were estimated by diphenylamine method as described by Mu, Plummer [53]. The
estimation of RNA was done by orcinal method described by Jain et al. [54]. Total protein in the both the
gonadal tissue was estimated according to method Lowry et al. [55]. RNA: DNA was calculated as the
ratio of mean RNA (mg/gm) to mean DNA (mg/gm) of 4 pooled samples per treatment and sex.
Statistical analysis

The collected data are presented as mean * standard error of the mean. Student t-tests were performed
used to evaluate and compare the values of the means from two samples. All the statistical analysis was
performed on windows 10 MS-Excel add on software.

RESULTS

The results of GSI, biochemical estimations and gonad histopathology on are presented in the form table
and images. The fish, H. fossilis exhibited several morphological injuries on body surface, eyes and fins
upon exposure to various sub-lethal concentration of BPA.

Table 1. Gonadosomatic index (GSI), nucleic acid derived indices and protein parameters of H.fossilis
exposed to different sublethal concentrations of BPA for 28 days.

GSI (%) | DNA (mg/gm) | RNA(mg/gm) | Protein(mg/gm) | RNA:DNA ratio
Control Male 041% |6.790.11 15.26+0.3 5.7+0.27 1: 0.44
Female | 1.16% | 6.6+ 0.12 14.85+0.11 6.8+0.21 1:0.44
Group | Male 0.33% | 6.04£0.1 14.54+ 0.2 4.8+0.3 1:0.415
Female | 1.02% | 5.09+0.2 12.7+0.11 59+0.14 1:0.421
Group I Male 0.26% | 5.61+0.1 11.8+0.3 4.1+ 0.16 1: 0.473
Female | 0.9% 4.9+ 0.2 10.9+0.11 4.8+0.17 1:0.449
Group III Male 0.19% | 5.1+0.3 11.1+£0.13 3.2+0.15 1:0.459
Female | 0.8% 4.5+ 0.11 9.9+ 0.15 4.1+0.21 1:0.454

Values are expressed as mean * standard error (N = 6)
The gonadosomatiindex (GSI)
Published literature reveals that the GSI value of fish is attributed to the consequent changes in the
reproductive activities (gonadal development). In the present study, the GSI values of both male and
female H.fossilis were estimated in all exposed fish and control group and values are expressed as
percentage (Table 1). Results revealed higher values of GSI in both the sex of fish of control group which
significantly declined (P> 0.01) in all exposed fish in dose dependent manner. The peak value of male GSI
(0.41%) was obtained from control fish while least value of male GSI (0.19%) was recorded in the fish of
Group III. The results of female GSI also followed similar trend with a peak value of GSI (1.16%) was
obtained from control fish while least value of male GSI (0.8%) was recorded in the fish of Group III.
Histopathological analysis
The results of histopathological examination are displayed in Fig 1 &2.
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FIG. 1. A-D. 25. Effects of sub lethal concentratlon of BPA on hlstopathology of testis of Heteropneustes
fossilis. A. Control fish show normal structure with seminiferous tubules B. Testis from Group I showing
necrosis, nuclear hypertrophy, reduced lumen, degeneration. C. Testis of Group II showing degeneration,
presence of melano-macrophage centers, reduced lumen and necrosis D. Histology of testis from Group III
showing atrophy, reduced lumen, germ cell syncytia, hypertrophy and vacuolated germ cells (All sections
are H&E Stained x400).

S Tpe LAt

FIG. 2. Effects of sub lethal concentratlon of BPA on hlstopathology of ovary of Heteropneustes fossilis. A.
Control fish show normal structure with oogonia, oocyte with different developmental changes. B. Ovary
from Group I showing atretic oocytes, ruptured zona radiata and karyoplasmic clumping necrosis and
nuclear hyper trophy C. Histology of ovary from Group II showing cellular degeneration, follicular atresia,
broken zona radiata and fibrosis. D. Histology of ovary from Group III showing degeneration, atrophy,
germ cell syncytia, hypertrophy and pyknosis and vacuolated oocytes and decreased vitellogenesis (All
sections are H&E Stained x400).

The testes of control fish showed usual lobular spermatogonia with different developmental stages of
spermatocytes (Fig.1 A) while the testis of Group I exposed to 1/10% of BPA (Fig.1B) revealed mild
structural anomalies like necrosis, reduced lumen, and degeneration of spermatogonia. The testis of
Group II treated with 1/20% of BPA (Fig.1C) exhibited the presence of melano-macrophage centres
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(MMQ), reduced lumen, necrosis, broken capsule and pyknosis. The testis of Group III treated with 1/30%
of BPA (Fig.1D) shown more severe structural anomalies like decreased number of spermatogonia,
clumping of spermatocytes, blood congestion, pyknotic nucleus, cellular rupture and atrophy. The shape
of the seminiferous tubules was not well defined. The severities of histopathological alterations were
elevated in exposed in fish in dose-dependent manner.

Microscopic observations confirmed that all fishes were at similar phase in the commencement of the
experimentation. The ovary is a paired organ in the majority of teleost fishes and is composed of ovarian
follicles. In the present experiment, the micrograph of ovary of control fish (Fig.2A) exhibited normal
structure with primary oocytes of different sizes. The nucleus of the oocytes was filled with multiple
nucleoli and the layer of the zona radiata was found to be thin in the growth phase. The ovary of the fish
exposed to 1/10% (Group I) (Fig.2B) of BPA exhibited necrosis, vacuolation, reduced lumen, oocyte
atresia, ruptured cell wall and decreased vitellogenesis. The ovary of fish exposed to 1/20% of BPA
(Group II) (Fig.2C) exhibited many atretic follicles. Karyoplasmic clumping, necrosis, and ruptured zona
radiata were also seen in the ovary of fish exposed to 1/20% of BPA. On the other hand, the ovary of fish
of group Il exposed to of 1/30% of BPA (Fig.2D) exhibited more intense anomalies as compared to Group
[ and II. Degeneration of oocytes, reduction in number of ovum, structural deformation, atretic follicles,
and damaged zona radiata was clearly seen. Reduction in number of matured ovum, higher number of
degenerated oocytes and atretic follicles were seen in the ovary of group IV fish. It was clearly noticed
that the number of atretic follicles increased with increase of the dose. Thus fish from all experimental
groups showed oocytes with irregularities in shape and disintegrated cytoplasm in contrast with control
fish. In fact, ovaries of fish exposed to higher doses showed higher percentage of follicular atresia and
karyoplasmic clumping compared with control. Microscopic examination clearly revealed that oocytes of
various developmental stages get affected differently at various concentrations of BPA treatment. Hence,
it becomes apparent that steady sub-lethal doses of BPA can bring substantial alterations in the overall
histological structures of the fish Heteropneustes fossilis.

Biochemical composition

Changes in the nucleic acid, protein contents and the RNA/DNA ratio of the testes and ovaries are
displayed in Table 1. The concentrations of DNA, RNA and protein content of the testes and ovaries of
H.fossilis during the experimental period (breeding time) in control group did not vary significantly (P>
0.01) but significantly reduced in dose-dependent manner in all BPA exposed fish. Fish exposed to sub-
lethal concentrations of BPA revealed a significant dose-dependent decrease in total protein, nucleic acids
(DNA and RNA) of both testis and ovary. Maximum reduction in DNA, total protein level was observed in
the testicular tissue of Group III while RNA levels were greatly reduced in the ovary of Group III exposed
fish. The reduction in RNA: DNA ratios were found to be almost similar in the testis and ovary of exposed
fishes (1:0.459 and 1:0.454) respectively. We found a significant negative association was established
between RNA/DNA ratio and protein contents of gonads as the increased concentrations of BPA
decreased the nucleic acid derived indices and protein content in both the gonadal tissue.

DISCUSSION

Reproductive function has been considered as a reliable and insightful biomarker for the evaluation of the
response of organisms to ecological stress. A number of biomarkers are used in the ecotoxicological
studies for the assessment of reproductive health status of fish and other organisms. It is well known
reality that several EDCs and xenobiotics can affect structure and function of fish gonads [56, 57, 58 and
59]. To our knowledge, the present investigation is the foremost to spotlight on the effects of BPA on
reproductive potential on H.fossilis. The values various combined biomarkers including GSI, histology of
gonads, nucleic acid derived indices (RNA: DNA), and protein were identified to evaluate the reproductive
fitness of fish, H.fossilis after exposure to sub-lethal concentrations of BPA. Results demonstrated that
BPA can disrupt the reproductive function in the both the sexes of H.fossilis which could help us to
understand the reproductive toxicity of BPA.

In general, the gonadosomatic index (GSI) varies during the reproductive cycle of both male and female
species that can be frequently used as biomarker of reproductive health of fish species [60]. In the
present study, the GSI values of both male and female H.fossilis exposed to various sub lethal
concentrations of BPA significantly reduced the GSI values in dose-dependent manner. Published
literature evidently confirmed that exposure to xenobiotics and EDCs can induce deterioration in gonads
involving reduction in gonadosomatic index (GSI) along with histological anomalies in the gonads. The
results of the present study are in agreement with several other studies on different fish species. The
study of Hassanin et al. [61] found that fish (Cyprinus carpio) exposed to polluted water of Ishizu river
with EDCs (nonylphenol, bisphenol A and 17(-estradiol ) revealed reduced testicular GSI and delay in
the onset of spermatogenesis. Asifa, Chitra [62] found a significant reduction in GSI in the fish
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Pseudetroplus maculatus exposed to Chlordecone. The experiment of Roush, Jeffries [63] confirmed that
GSI can be used as an effective index in the screening assays of EDCs. In a long-term study, Saravanan et
al. [64] found reduced GSI and endocrine disruption effects of nonylphenol on the reproductive potential
in fish species. In contrast, the recent study of Forner-Piquer et al. [24] shown increased GSI in male
zebrafish exposed to 20 ug/L of BPA but reduced the percentage of the space occupied by spermatogonia
and altered the reproductive function of both male and female fish. The results thus pointed out that
Bisphenol A (BPA) could negatively affect the gonadal structure and function in H.fossilis, which could
critically deteriorate the reproductive potential of an animal. The reduction in GSI values in BPA exposed
fish was perhaps due to inhibition of enzymes synthesis and release of reproductive hormones as in
arsenic exposed fish, Mystus vittatus [65].

Histopathology proposes an authoritative means in the examination of reproductive vigour of fish and
other species. Gonadal histology, in combination with biochemical and hormonal analysis and
morphological gonadosomatic index (GSI) can offer clear clarification into the effects of environmental
contaminates on reproductive health. The results of histological analysis of both testes and ovaries
revealed that fish were in an advanced stage of maturity. Ovaries of control fish exhibited normal
histological architecture with all the stages of oogenesis (oogonia, oocytes, perinucleolar oocytes,
vitellogenic oocytes and atretic oocytes with a central nucleus). However, the ovaries of fish exposed to
BPA showed increased oocyte atresia, hyperplasia/hypertrophy, decreased vitellogenesis, Interstitial
fibrosis, egg debris, decreased post-ovulatory follicles. In the histopathological examination, the testes
and ovary of the fish exposed to various sub lethal concentrations of BPA inhibited overall reproductive
development in H.fossilis. Our results are in agreement with the studies of Mihaich et al. [66] Sohoni et al.
[67] in fathead minnow, Pimephales promelas, Al-Sakran et al. [68] in Cyprinus carpio, Lora et al. [69],
Yang et al. [70], Maharajan et al. [71] in zebra fish, (Danio rerio), Huang et al. [72] in marine fish, Oryzias
melastigma, Wang et al. [8] in goldfish (Carassius auratus), and Yan et al. [47] in Japanese medaka
(Oryzias latipes). The histopathological examinations of the present study evidently indicate that
exposure to BPA did affect the histopathology of testes and ovary of H.fossilis like necrosis, nuclear
hypertrophy, reduced lumen, degeneration and vacuolated germ cell which may lead to deleterious
effects on the reproductive health of the fish. Future investigations from both laboratory and field are
required to explain the underlying molecular mechanism for BPA induced reproductive failure in
H fossilis. Yang et al. [70] found estrogenic activity of BPB and destruction of the reproductive fitness in
dose dependent manner along with the alterations in the histopathology of testis and ovary and alteration
of the genes of HPG axis of zebra fish exposed to BPB. The study of Wang et al. [8] shown reduced
gonadosomatic index (GSI) and shrunken histopathology, disruption of testes and ovarian maturation
through apoptosis in BPA exposed goldfish, (Carassius auratus) along with the reduction of plasma 11-
ketotestosterone and hypothalamic-pituitary-gonad (HPG) axis-related genes (sgnrh, fshf and Ihf). The
study of Liu et al. [73] found bioaccumulation, failure of ovarian function, apoptosis and disturbed genetic
pathways in the both sexes of seahorse (Hippocampus erectus) exposed to BPA at environmentally
relevant concentrations.

Nucleic acid-derived indices like RNA: DNA ratio is frequently applied successfully as an indicator of
growth, metabolism and health status in ecotoxicological studies [17]. Nucleic acid content (RNA, DNA),
protein content, and RNA/DNA ratio were sensitive to toxicant stress [14] and reflect the stress status of
fish and other species [74]. In the present study, the RNA: DNA ratios and protein content were correlated
with GSI and histopathological studies. Results revealed that nucleic acids, RNA: DNA ratios and protein
content of both testes and ovary in BPA treated fish were negatively correlated with GSI and
histopathological studies in a dose dependent manner. The RNA: DNA ratio is based on the statement that
the amount of DNA is constant under varying ecological conditions within the somatic cells while the
amount of RNA which openly involved in protein synthesis is identified to vary with age, phase of the life
cycle, and stress-state and with changing environmental conditions [15]. Thus, animal in good health
status be likely to have higher RNA: DNA ratios than do those in poor condition. The RNA: DNA ratio is the
one of widely-used sensitive and integrative biochemical index by which one can predict status of
physiological activity (growth, reproduction, secretion, etc.) of an animal under a specified environmental
conditions [17 and 18]. Bulow [19] considered RNA-DNA ratios as markers of growth and metabolism of
a fish. As RNA level is known to link openly with protein synthesis, its increase may directly reflect active
protein (enzyme) synthesis. Hypothetically, the growth rate is directly correlated to protein synthesis,
which consecutively is related to the amount of RNA in cells as the quantity of DNA in a cell remains fairly
constant, the RNA/DNA ratio would provide a good indication of the rate of protein synthesis and hence
growth. In fact, certain xenobiotics and their metabolites have the potential to interfere and inhibit DNA
synthesis and gene expression by altering the chromosomal aberration and replication process which
induce mutations and cellular hyper-proliferation. In an experiment, Laing et al. [45] found a significant
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reduction in DNA methylation in the testes due to the decline in dnmt1 expression in breeding zebrafish
(Danio rerio) exposed to BPA. The BPA exposure in zebrafish also caused reduced fertilization, potentially
through estrogenic mechanisms. Zhang et al. [75] found a significant relationship between BPA
concentration and decreased transcription and reduced gene expression in the testis and ovaries of rare
minnow, Gobiocypris rarus.

The significant reduction in DNA, RNA and protein contents in bisphenol A treated animals in this
experiment might be due to BPA DNA adducts formation [76]. During the metabolism, bisphenol A (BPA)
is oxidized to bisphenol O-quinone that acts as an intermediate for the binding of DNA to prevent RNA
polymerase synthesis and mRNA synthesis. The malfunction in mRNA synthesis resulted in inhibition of
protein synthesis which was reflected in histopathological alterations in gonads in the form necrosis and
apoptosis [77]. The major biological routes associated like metabolism, cell cycle, immune response, and
the development of extracellular matrix development are known as trademarks of tissue injury. Besides,
the transcriptomic and proteomic analysis evidently revealed a positive correlation of reduction in
nucleic acid and protein content with histopathology [78]. The reduced synthesis of nucleic acids and
damage in the DNA proliferation and inhibition of enzyme activities involved in DNA replication and
repair mechanisms can affect the final product of gene expression. The reduction of protein content in
gonadal tissues, in this experiment, possibly due to their probable consumption for energy and metabolic
purposes. As free amino acids which released due to the breakdown of proteins are utilized for glucose
synthesis through gluconeogentic pathway, the decreased levels of protein synthesis in fish exposed to
toxicants was resulted [79]. The oxidized form of BPA (bisphenol-o-Quinone) can react with DNA to
generate DNA adducts in the presence of peroxidase and H;0;. Moreover, the vitro analysis shown that
BPA affects hepatic DNA adducts DNA damage in spermatocytes and fetal oocytes [80].

CONCLUSION

On the whole, it is concluded that the sub-lethal concentrations of BPA caused considerable disruption to
reproduction possibly via estrogenic mechanisms in breeding H.fossilis. The ability of BPA to cause
reproductive disruption confirmed here raises fear for its toxicity when living beings are exposed to BPA
in polluted environments. Notably, BPA might also cause significant modifications in the transcription of
genes involved in epigenetic regulation in testis and ovaries notably on dnmt1, which probably happened
in combination with a reduction in global DNA methylation. The outcomes this experiment offer
confirmation of the negative effects of BPA in a fish model and advocate for the replacement of BPA
within consumer products to reduce its concentrations in the environment. These observations
underscore that GSI, nucleic acid derivative indexes and histopathological analysis are sensitive and
direct biomarkers for the ecotoxicological studies.

ACKNOWLEGEMENT
The authors are thankfully acknowledged the Principal, Government PG College, Ratlam (M.P.India) for
providing necessary laboratory facilities.

CONFLICT OF INTEREST
The authors declare that there are no conflicts of interest.

REFERENCES

1. Flint, S, Markle, T., Thompson, S., Wallace, E., (2012). Bisphenol A exposure, effects, and policy: a wildlife
perspective. Journal of Environmental Management. 104:19-34.

2. Canesi, L., Fabbri, E, (2015). Environmental effects of BPA: focus on aquatic species. Dose-Response,
13(3):1559325815598304.

3. Corrales, ], Kristofco, L.A., Steele, W.B, Yates, B.S, Breed, C.S., Williams, E.S., Brooks, B.W., (2015). Global
assessment of bisphenol A in the environment: review and analysis of its occurrence and bioaccumulation. Dose-
Response. 13(3):1559325815598308.

4. Acconcia, F.. Pallottini, V., Marino, M., (2015). Molecular mechanisms of action of BPA. Dose-response,
13(4):1559325815610582

5. Pal, S, Reddy, P.B., (2018). Bisphenol A (BPA) induced histopathological and biochemical alterations in liver and
kidney of stinging catfish, Heteropneustes fossilis, Trends in Fisheries Research. 7(1): 67-74.

6. Srivastava, B, Reddy, P.B., (2019). Bisphenol A induces oxidative stress (0S) and hepatotoxicity in
Heteropneustes fossilis, Trends in Fisheries Research. 8 (2): 31-40.

7. Moreman, ]., Lee, O, Trznadel, M., David, A., Kudoh, T, Tyler, C.R,, (2017). Acute toxicity, teratogenic, and
estrogenic effects of bisphenol A and its alternative replacements bisphenol S, bisphenol F, and bisphenol AF in
zebrafish embryo-larvae. Environmental Science & Technology. 51(21): 12796-12805.

BEPLS Vol 10 [3] February 2021 57|Page ©2021 AELS, INDIA



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Srivastava and Reddy

Wang, Q. Yang, H.,, Yang, M,, Yu, Y., Yan, M,, Zhou, L, Liy, X,, Xiao, S., Yang, Y., Wang, Y., Zheng L., (2019). Toxic
effects of bisphenol A on goldfish gonad development and the possible pathway of BPA disturbance in female
and male fish reproduction. Chemosphere. (221): 235-245.

Silveira, C.R., Junior, A.V., Corcini, C.D., Soares, S.L., Anciuti, A.N., Kiitter, M.T., Martinez, P.E., (2019). Effects of
Bisphenol A on redox balance in red blood and sperm cells and spermatic quality in zebrafish Danio rerio.
Ecotoxicology. 28(8): 913-922.

Ahammed, G.J.,, Wang, Y., Mao, Q., Wu, M,, Yan, Y., Ren ]., Wang, X,, Liu A., Chen, S., (2020). Dopamine alleviates
bisphenol A-induced phytotoxicity by enhancing antioxidant and detoxification potential in
cucumber. Environmental Pollution. 259:113957.

Rédel, H.G., Valencak, T.G., Handrek, A., Monclus, R., (2016). Paying the energetic costs of reproduction: reliance
on postpartum foraging and stored reserves. Behavioral Ecology. 27(3): 748-756.

Nauriyal, B.P., Singh, H.R,, (1985). Some biochemical changes in the reproductive cycle of a hill stream teleost
Puntius chilinoides (McClelland). Proceedings: Animal Sciences. 94(1): 67-72.

Srivastava, B., Reddy, P.B. (2017). Lipid peroxidation and DNA damage as biomarkers of pollution induced
oxidative stress (OS) in fish. Life Sciences International Journal. 4 (1): 194-8.

Barron, M.G., Adelman, LR., (1984). Nucleic acid, protein content, and growth of larval fish sublethally exposed to
various toxicants. Canadian Journal of Fisheries and Aquatic Sciences. 41(1):141-150.

Zhou, B.S, Wu, RS.S,, Randall, D.J.,, Lam, P.K.S., (2001). Bioenergetics and RNA/DNA ratios in the common carp
(Cyprinus carpio) under hypoxia. Journal of Comparative Physiology. B, 171(1): 49-57.

Giesy, J.P,, Graney, R.L, (1989). Recent developments in and intercomparisons of acute and chronic bioassays
and bioindicators. In ‘Environmental Bioassay Techniques and their Application’. Springer, Dordrecht.pp-21-60.
Chicharo, M.A,, Chicharo, L., (2008). RNA: DNA ratio and other nucleic acid derived indices in marine ecology.
International Journal of Molecular Sciences 9 (8):1453-1471.

Verma, R, Singh, AK, Jaiswal, K, (2016). Preliminary study on diminution level; of RNA/DNA ratio in tissue of
Labeo rohita by exposure to some endocrine disrupting compounds (EDCs). Aceh Journal of Animal Science. 1(1):
16-20.

Bulow, F.J.,, (1970). RNA-DNA ratios as indicators of recent growth rates of a fish. Journal of the Fisheries
Research Board of Canada. 27(12): 2343-2349.

Talpade, J., Shrman, K., Sharma, R., Gutham, V., Singh, R., Meena, N., (2018). Bisphenol a: an Endocrine Disruptor.
Journal of Entomology and Zoological Studies. 6(3):394-397.

Matuszczak, E., Komarowska, M.D., Debek, W., Hermanowicz, A., (2019). The impact of bisphenol A on fertility,
reproductive system, and development: a review of the literature. International Journal of Endocrinology.2019:
8pages.

Pallotti, F., Pelloni, M., Gianfrilli, D., Lenzi, A., Lombardo, F., Paoli, D. (2020). Mechanisms of testicular disruption
from exposure to bisphenol A and phtalates. Journal of Clinical Medicine. 9(2):.471.

Levy, G., Lutz, I, Kriiger, A, Kloas, W., (2004). Bisphenol A induces feminization in Xenopus laevis tadpoles.
Environmental Research. 94(1):102-111.

Forner-Piquer, I, Beato, S., Piscitelli, F., Santangeli, S., di Marzo, V., Habibi, H.R.,, Maradonna, F., Carnevali, O.
(2020). Effects of BPA on zebrafish gonads: Focus on the endocannabinoid system. Environmental
Pollution.264:114710.

Letcher, RJ., Sanderson, ].T., Bokkers, A., Giesy, ].P.,, van den Berg, M., (2005). Effects of bisphenol A-related
diphenylalkanes on vitellogenin production in male carp (Cyprinus carpio) hepatocytes and aromatase (CYP19)
activity in human H295R adrenocortical carcinoma cells. Toxicology and Applied Pharmacology. 209(2): 95-104.
Faheem, M,, Khaliq, S., Ahmad, H.U,, Lone, K.P., (2017). Bisphenol-A (BPA) Alters Plasma Thyroid Hormones and
Sex Steroids in Female Pakistani Major Carp (Catla catla; Cyprinidae). Pakistan Veterinary Journal. 37(3): 326-
330.

In, S., Cho, H., Lee, KW., Won, EJ.,, Lee, Y.M,, (2020). Cloning and molecular characterization of estrogen-related
receptor (ERR) and vitellogenin genes in the brackish water flea Diaphanosoma celebensis exposed to bisphenol
A and its structural analogues. Marine Pollution Bulletin. 154:111063.

Marmugi, A., Ducheix, S., Lasserre, F., Polizzi, A, Paris, A., Priymenko, N., Bertrand-Michel, J., Pineau, T., Guillou,
H., Martin, P.G., Mselli-Lakhal, L., (2012). Low doses of bisphenol A induce gene expression related to lipid
synthesis and trigger triglyceride accumulation in adult mouse liver. Hepatology. 55(2): 395-407.

Jalal, N., Wei, |, Jiang, Y., Pathak, J.L., Surendranath, A.R, Chung, C.Y, (2019). Low-dose bisphenol A (BPA)-
induced DNA damage and tumorigenic events in MCF-10A cells. Cogent Medicine. 6(1): 1616356.

Shirdel, I, Kalbassi, M.R,, Esmaeilbeigi, M., Tinoush, B., (2020). Disruptive effects of nonylphenol on reproductive
hormones, antioxidant enzymes, and histology of liver, kidney and gonads in Caspian trout smolts. Comparative
Biochemistry and Physiology - Part C: Toxicology. 232:108756.

Mihaich, E., Rhodes, ], Wolf, ], van der Hoeven, N., Dietrich, D., Hall, A.T., Caspers, N., Ortego, L., Staples, C.,
Dimond, S., Hentges S., (2012). Adult fathead minnow, Pimephales promelas, partial life cycle reproductive and
gonadal histopathology study with bisphenol A. Env. Toxicol. Chem. 31(11): 2525-2535.

Kazemi, S., Feizi, F., Aghapour, F, Joorsaraee, G.A., Moghadamnia, A.A, (2016). Histopathology and
histomorphometric investigation of bisphenol A and nonylphenol on the male rat reproductive system. North
American Journal of Medical Sciences. 8(5): 215.

BEPLS Vol 10 [3] February 2021 58|Page ©2021 AELS, INDIA



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Srivastava and Reddy

Abdel-Tawwab, M., Hamed, H.S., (2018). Effect of bisphenol A toxicity on growth performance, biochemical
variables, and oxidative stress biomarkers of Nile tilapia, Oreochromis niloticus (L.). Journal of Applied
Ichthyology. 34(5):1117-1125.

Zhang, Y., Mi, K,, Xue, W.,, Wei, W,, Yang, H., (2020). Acute BPA exposure-induced oxidative stress, depressed
immune genes expression and damage of hepatopancreas in red swamp crayfish Procambarus clarkii. Fish&
Shellfish Inmunology. 103:95-102.

Amjad, S, Rahman, M.S, Pang, M.G, (2020). Role of Antioxidants in Alleviating Bisphenol A Toxicity.
Biomolecules, 10(8):1105.

Reddy, P.B,, Rawat, S.S., (2013). Assessment of aquatic pollution using histopathology in fish as a protocol. Int.
Research Journal of Environmental Science. 2(8):79-82.

Reddy, P.B., Waskale, K., (2013). Using histopathology of fish as a protocol in the assessment of aquatic pollution.
Journal of Environment and Research Development. 8(2): 371-375.

Wolf, ].C., Wheeler, ].R,, (2018). A critical review of histopathological findings associated with endocrine and non-
endocrine hepatic toxicity in fish models. Aquatic Toxicology. 197: 60-78.

Sauger, C.,, Quinquis, ], Dubroca, L., Parrad, S., Kellner, K,, Heude-Berthelin, C., (2019). Sample collection protocol
for the extraction of female gonads in the megrim (Lepidorhombus spp.) for maturity staging through histology.
Systéme d’Informations Halieutiques, V.1-1.

Okomoda, V.T., Pradeep, ].P., Oladimeji, A.S., Abol-Munafi, A.B., Alabi, K.I., Ikhwanuddin, M., Martins, C., Umaru,
J.A.,, Hassan, A. (2020). Effect of electric induced triploidization on sex ratio, growth and gonad histology of red
hybrid tilapia. Aquaculture. 520: 734991

Forsgren, K.L, Bay, S.M,, Vidal-Dorsch, D.E., Deng, X,, Lu, G., Armstrong, J., Gully, J.R,, Schlenk, D., (2012). Annual
and seasonal evaluation of reproductive status in hornyhead turbot at municipal wastewater outfalls in the
Southern California Bight. Environmental Toxicology and Chemistry. 31(12): 2701-2710.

Kumar, N., Krishnani, K.K., Meena, K.K,, Gupta, S.K, Singh, N.P., (2017). Oxidative and cellular metabolic stress of
Oreochromis mossambicus as biomarkers indicators of trace element contaminants. Chemosphere. 171: 265-274.
Kaur, S., Singh, P., Hassan, S.S., (2018). Studies on Gonado-somatic index (GSI) of selected fishes of River Sutlej,
Punjab. Journal of Entomology and Zoological Studies. 6(2): 1274-1279.

Duluy, J.V,, Templonuevo, RM.C,, Vera Cruz, E.M., (2020). Stress Responses and Gonadosomatic Index of Red
Tilapia (Oreochromis Spp.) Subjected To Visual and Physical Interactions. Egyptian Academic Journal of Biological
Sciences, B. Zoology. 12(1):73-80.

Laing, L.V, Viana, J., Dempster, E.L., Trznadel, M., Trunkfield, L.A., Uren Webster, T.M., Van Aerle R, Paull G.C,,
Wilson R/, Mil], ], Santos E.M., (2016). Bisphenol A causes reproductive toxicity, decreases dnmt1 transcription,
and reduces global DNA methylation in breeding zebrafish (Danio rerio). Epigenetics. 11(7):526-538.

Lombé, M., Getino-Alvarez, L., Depincé, A., Labbé, C., Herraez, M.P., (2019). Embryonic exposure to bisphenol a
impairs primordial germ cell migration without jeopardizing male breeding capacity. Biomolecules. 9(8):307.
Yan, S., Liang, M., Chen, R, Hong, X, Zha, ]J., (2020). Reproductive toxicity and estrogen activity in Japanese
medaka (Oryzias latipes) exposed to environmentally relevant concentrations of octocrylene. Environmental
Pollution.261: 114104.

Bhandari, R.K, Deem, S.L,, Holliday, D.K, Jandegian, C.M., Kassotis, C.D., Nagel, S.C, Tillitt, D.E,, Vom Saal, F.S,,
Rosenfeld, C.S. (2015). Effects of the environmental estrogenic contaminants bisphenol A and 17a-ethinyl
estradiol on sexual development and adult behaviors in aquatic wildlife species. General and Comparative
Endocrinology. 214:195-219.

Richter, C.A., Birnbaum, L.S,, Farabollini, F., Newbold, R.R.,, Rubin, B.S., Talsness, C.E., Vandenbergh, ].G., Walser-
Kuntz, D.R.,, vom Saal, F.S,, (2007). In vivo effects of bisphenol A in laboratory rodent studies. Reproductive
Toxicology. 24(2):199-224.

Shi, M., Sekulovski, N., MacLean, II J.A., Hayashi, K., (2017). Effects of bisphenol A analogues on reproductive
functions in mice. Reproductive Toxicology. 73: 280-291.

Wang, Y., Wang, Y., Yu, L., Wang, R,, Zhang, X., (2020). Highly effective microwave-induced catalytic degradation
of Bisphenol A in aqueous solution using double-perovskite intercalated montmorillonite nanocomposite.
Chemical Engineering Journal. 395: 124550.

Saha, S.K,, Ali, M.H,, Rashid, H., (2014). Gametogenesis in Captive Stinging Catfish (Heteropneustes fossilis) During
Spawning Season. In ‘Proceedings of 5 th International Conference on Environmental Aspects of Bangladesh (ICEAB
2014) (pp. 126-128).

Mu, P., Plummer D.T., (2001). Introduction to practical biochemistry. Tata McGraw-Hill Education. Lowry, O.H.,
Rosebrough, N.J.,, Farr, A.L. and Randall, R]., 1951. Protein measurement with the Folin phenol reagent. Journal of
Biological Chemistry. 193: 265-275.

Jain, A, Jain, R, Jain, S, (2020). In “Basic Techniques in Biochemistry, Microbiology and Molecular Biology”.
Springer.

Lowry, 0.H. Rosebrough, N.J., Farr, A.L, Randall R, (1951). Protein measurement with the Folin phenol
reagent. Journal of Biological Chemistry. 193: 265-275.

Louiz, I, Ben-Attia, M., Ben-Hassine, 0.K., (2009). Gonadosomatic index and gonad histopathology of Gobius niger
(Gobiidea, Teleost) from Bizerta lagoon (Tunisia): evidence of reproduction disturbance. Fish Research. 100(3):
266-273.

BEPLS Vol 10 [3] February 2021 59|Page ©2021 AELS, INDIA



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Srivastava and Reddy

Hachfi, L., Couvray, S., Simide, R, Tarnowska, K., Pierre, S., Gaillard, S., Richard, S., Coupé, S., Grillasca, ].P., Prévot-
D’Alvise, N., (2012). Impact of endocrine disrupting chemicals [EDCs] on hypothalamic-pituitary-gonad-liver
[HPGL] axis in fish. World Journal of Fish and Marine Sciences. 4(1):14-30.

Weber, A.A., Moreira, D.P., Melo, R.M.C,, Ribeiro, Y.M., Bazzoli, N., Rizzo, E. (2019). Environmental exposure to
oestrogenic endocrine disruptors mixtures reflecting on gonadal sex steroids and gametogenesis of the
Neotropical fish Astyanax rivularis. General and Comparative Endocrinology. (279): 99-108.

Kamarudin, N.A., Zulkifli, S.Z, Azmai, M.N.A,, Aziz, F.Z.A,, Ismail, A. (2020). Herbicide diuron as endocrine
disrupting chemicals (EDCs) through histopathalogical analysis in gonads of Javanese medaka (Oryzias javanicus,
Bleeker 1854). Animals. 10 (3): 525.

Soler, P, Solé, M., Bafién, R., Garcia-Galea, E., Durfort, M., Matamoros, V., Bayona, ].M., Vinyoles, D. (2020). Effects
of industrial pollution on the reproductive biology of Squalius laietanus (Actinopterygii, Cyprinidae) in a
Mediterranean stream (NE Iberian Peninsula). Fish Physiology and Biochemistry. 46(1): 247-264.

Hassanin, A., Kuwahara, S., Tsukumoto, Y., Ogawa, K,, Hiramatsu, K., Sasaki F., (2002). Gonadosomatic index and
testis morphology of common carp (Cyprinus carpio) in rivers contaminated with estrogenic chemicals. Journal of
Veterinary Medical Science. 64(10): 921-926.

Asifa, K.P., Chitra, K.C, (2019). Effect of Chlordecone on the Reproductive Potential of the Cichlid fish,
Pseudetroplus maculatus (Bloch, 1795). Journal of Aquatic Research and Marine Science. 2 (2): 163-177.

Roush, KS,, Jeffries, M.KS., (2019). Gonadosomatic index as a confounding variable in fish-based screening
assays for the detection of anti-estrogens and nonaromatizable androgens. Environmental Toxicology and
Chemistry. 38(3): 603-615.

Saravanan, M., Nam, S.E, Eom, HJ., Lee, D.H,, Rhee, ].S,, (2019). Long-term exposure to waterborne nonylphenol
alters reproductive physiological parameters in economically important marine fish. Comparative Biochemistry
and Physiology. Part C: Toxicology & Pharmacology, 216: 10-18.

Verma, AK, Prakash, S, (2019). Impact of arsenic on haematology, condition factor, hepatosomatic and
gastrosomatic index of a fresh water cat fish, Mystus vittatus. International Journal of Biological Sciences. 10(2):
49-54.

Mihaich, E., Rhodes, ], Wolf, ], van der Hoeven, N., Dietrich, D., Hall, A.T., Caspers, N., Ortego, L., Staples, C.,
Dimond, S., Hentges, S. (2012). Adult fathead minnow, Pimephales promelas, partial life-cycle reproductive and
gonadal histopathology study with bisphenol A. Environmental Toxicology and Chemistry. 31(11): 2525-2535.
Sohoni, P.C.R.T, Tyler, C.R, Hurd, K,, Caunter, ., Hetheridge, M., Williams, T., Woods, C., Evans, M., Toy, R,, Gargas,
M., Sumpter, J.P., (2001). Reproductive effects of long-term exposure to bisphenol A in the fathead minnow
(Pimephales promelas). Environmental science & technology, 35(14): 2917-2925.

Al-Sakran, A.AM., Virk, P, Elobeid, M, Hamed, S.S. Siddiqui, M., Omer, S, Mirghani. N.M, (2016).
Histopathological effects on testis of adult male carp, Cyprinus carpio, following exposure to graded
concentrations of water-borne bisphenol A. Tropical Journal of Pharmaceutical Research. 15(1):73-80.

Lora, AJ.,, Molina, A.M,, Bellido, C,, Blanco, A., Monterde, ].G., Moyano, M.R., (2016). Adverse effects of bisphenol A
on the testicular parenchyma of zebrafish revealed using histomorphological methods. Veterinarni Medicina.
61(10): 577-589.

Yang, Q. Yang, X,, Liy, J., Ren, W,, Chen, Y., Shen, S., (2017). Exposure to bisphenol B disrupts steroid hormone
homeostasis and gene expression in the hypothalamic-pituitary-gonadal axis of zebrafish. Water Air and Soil
Pollution. 228(3):112.

Maharajan, K., Muthulakshmi, S., Karthik, C., Nataraj, B., Nambirajan, K., Hemalatha, D., Jiji, S., Kadirvelu, K., Liu,
K.C., Ramesh, M,, (2020). Pyriproxyfen induced impairment of reproductive endocrine homeostasis and gonadal
histopathology in zebrafish (Danio rerio) by altered expression of hypothalamus-pituitary-gonadal (HPG) axis
genes. Science of Total Environment.735:139496.

Huang, Q. Liu, Y., Chen, Y, Fang, C, Chi, Y, Zhu, H, Lin, Y, Ye, G, Dong, S, (2018). New insights into the
metabolism and toxicity of bisphenol A on marine fish under long-term exposure. Environmental Pollution. 242:
914-921.

Liu, Y., Wy, Y, Qin, G, Chen, Y., Wang, X,, Lin, Q., (2020). Bioaccumulation and reproductive toxicity of bisphenol A
in male-pregnant seahorse (Hippocampus erectus) at environmentally relevant concentrations. Science of Total
Environment. 753: 141805.

Foley, C.J., Bradley, D.L., Hook, T.O., (2016). A review and assessment of the potential use of RNA: DNA ratios to
assess the condition of entrained fish larvae. Ecological Indicators. 60: 346-357.

Zhang, Y., Gao, J., Xu, P.,, Yuan, C, Qin, F., Liu, S., Zheng, Y. Yang, Y., Wang, Z., (2014). Low-dose bisphenol A
disrupts gonad development and steroidogenic genes expression in adult female rare minnow Gobiocypris
rarus. Chemosphere. 112:435-442.

Zhao, H., Wei, ],, Xiang, L., Cai, Z., (2018). Mass spectrometry investigation of DNA adduct formation from
bisphenol A quinone metabolite and MCF-7 cell DNA. Talanta, 182, 583-589.

Sangai, N.P., Verma, R.,J. (2011). Quercetin alleviates bisphenol A-induced changes in nucleic acid and protein
contents in mice. Acta Poloniae Pharmaceutica - Drug Research. (68): 867-873.

Zhan, X., Cheng, ], Huang, Z., Han, Z., Helm, B,, Liu, X,, Zhang, ], Wang, T.F., Ni, D., Huang, K. (2019). Correlation
analysis of histopathology and Proteogenomics data for breast Cancer. Molecular & Cellular Proteomics. 18(8
suppl 1): S37-S51.

Banaee, M., (2013). Physiological dysfunction in fish after insecticides exposure. Insecticides-Development of
Safer and More Effective Technologies. In"Tech”, 103-143.

BEPLS Vol 10 [3] February 2021 60|Page ©2021 AELS, INDIA



Srivastava and Reddy

80. Ganesan, S., Keating, A.F., (2016). Bisphenol A-induced ovotoxicity involves DNA damage induction to which the

ovary mounts a protective response indicated by increased expression of proteins involved in DNA repair and
xenobiotic biotransformation. Toxicological Sciences. 152(1):169-180.

CITATION OF THIS ARTICLE

B Srivastava and Reddy P.B. Assessment of reproductive disruption in Bisphenol A (BPA) exposed fish,
Heteropneustes fossilis (Bloch, 1794). Bull. Env. Pharmacol. Life Sci., Vol10[3] February 2021 : 51-61

BEPLS Vol 10 [3] February 2021 61|Page ©2021 AELS, INDIA



