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Many chemicals present in the environment have the potential to intervene the endocrine system of 
the inhabitant organisms causing alterations in their physiology and behavior. In the present study, 
we made an attempt to compare and evaluate the effects of
environmental estrogenic chemicals (EECs) individually and in combinations on the morphological 
(body size and mass, pigmentation) and behavioral (feeding activity and sensitivity) aspects of adult 
zebrafish in th
laboratory conditions (temperature: 26 ± 1
and exposed semi statically  to (i) Ethinyl estradiol
(iii) Atrazine
DES + ATR (viii)  DES + BPA  (ix) EE2 + ATR + BPA  (x) DES + ATR + BPA. Fish exposed to 
Estradiol 17β (3ng/L) served as positive controls
negative controls.  All the concentrations of EEC used in the experiment were lower than 
environmentally recorded levels for the respective chemical.  Our observations reveal that (i) the rate 
of mortality 
(ii) fish exposed to combinations of EEC exhibited increased feeding rate and variations in response 
to external stimuli/sensitivity (iii) in fish exposed to atrazine (i
other EEC) pigmentation was greater while it
controls. Thus, there was a variation in the intensity of effects manifested by a chemical individually 
and those when expose
organisms potentiated in presence of other chemicals which is very relevant in evaluating the impact 
of water contaminants EEC on aquatic organisms in natural aquatic system.
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INTRODUCTION 
 
Aquatic organisms are generally exposed to complex chemical 
mixtures such as, effluents from industrial, agricultural and 
domestic sources throughout their life span (Orn 
Vos et al., 2000).  Many chemicals which are hazardous and  
have potential to intervene with the endocrine system of living 
organisms like synthetic/pharmacological estrogens, 
phthalates, alkylphenols and other xenoestrogens have been 
detected in sewage effluents (Tyler et al., 1998).Environmental 
estrogenic chemicals (EECs) not only interfere
influence the hormone dependent processes such as 
reproduction, development and differentiation, 
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ABSTRACT 

Many chemicals present in the environment have the potential to intervene the endocrine system of 
the inhabitant organisms causing alterations in their physiology and behavior. In the present study, 
we made an attempt to compare and evaluate the effects of long-term (75 days) exposure to different 
environmental estrogenic chemicals (EECs) individually and in combinations on the morphological 
(body size and mass, pigmentation) and behavioral (feeding activity and sensitivity) aspects of adult 
zebrafish in the laboratory. Adult (wild) zebrafish (n = 12) procured  locally were acclimated to 
laboratory conditions (temperature: 26 ± 1oC, and photoperiod:11.30 L:12.30 D hrs) for two weeks 
and exposed semi statically  to (i) Ethinyl estradiol-EE2 (3 ng/L)  (ii) Die
(iii) Atrazine-ATR (3 µg/L) (iv) Bisphenol A-BPA (3µg/L) (v) 
DES + ATR (viii)  DES + BPA  (ix) EE2 + ATR + BPA  (x) DES + ATR + BPA. Fish exposed to 
Estradiol 17β (3ng/L) served as positive controls and those exposed to conditioned water alone, as 
negative controls.  All the concentrations of EEC used in the experiment were lower than 
environmentally recorded levels for the respective chemical.  Our observations reveal that (i) the rate 
of mortality was greater in chemical exposed fish especially in those exposed to combination of EEC 
(ii) fish exposed to combinations of EEC exhibited increased feeding rate and variations in response 
to external stimuli/sensitivity (iii) in fish exposed to atrazine (individually and in combination with 
other EEC) pigmentation was greater while it was lesser in those exposed to BPA as compared to 
controls. Thus, there was a variation in the intensity of effects manifested by a chemical individually 
and those when exposed in combination with other chemicals. Therefore, effects of EEC on aquatic 
organisms potentiated in presence of other chemicals which is very relevant in evaluating the impact 
of water contaminants EEC on aquatic organisms in natural aquatic system.
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and behavior of surrounding organisms
increase or inhibit the metabolism of naturally occurring 
steroid hormones and other xenobiotics by activating or 
antagonizing nuclear hormone receptors (Sassi
2009). Among EECs, those detected with e
such as, 17α-ethinylestradiol -EE2 (which is widely used as the 
active ingredient in contraceptive pills and hormone 
replacement therapy), Diethylstilbestrol
steroidal estrogen used in the medical treatmentof breast a
prostate cancers and gynecological disorders), Bisphenol A
BPA (a common industrial chemical widely used in the 
production of polycarbonates, epoxy resins and flame 
retardants worldwide) and atrazine (a widely used weedicide in 
agriculture and horticulture) have been routinely detected in 
sewage effluents as contaminants from anthropogenic sources 
(Desbrow et al., 1998; Larsson 
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Moreover, environmental estrogens are more stable in aquatic 
ecosystem than as natural steroids (Yin et al., 2002). 
Contamination and accumulation of these xenoestrogens in the 
aquatic environment is known toperturb the hormone mediated 
processes of reproduction and development of non-target 
species unintentionally. Chronic exposure to both natural 
andsynthetic estrogens is known to induce immuno-toxic, 
teratogenic and carcinogenic effects (Roy and Cai, 2002). 
Foraging is a complex behavior associated with food intake. 
Fish have a wide variety of feeding habits and patterns, making 
them good experimental models for the analysis of the feeding 
behavior. A number of environmental factors through complex 
homeostatic mechanisms are known to govern feeding 
behavior (Volkoff and Peter, 2006). Behavioral changesare 
elicited immediately after the exposure to environmental 
pollutants and serve as a sensitive indicator for the influence of 
pollutants on target/non-target organisms, which has lead in 
the emergence of new branch of environmental science the 
behavioral eco-toxicology (Gerhardt, 2007). Similarly, 
sensitivity is a reflex behavior of an organism concerned with 
the response to external stimuli. Many organic pesticides, 
pyrethroids, xenoestrogens and aquatic chemical contaminants 
are known to modulate the sensitivity in vertebrates. The zebra 
stripes of zebrafish are formed of three types of 
chromatophores, i.e. xanthophores, iridophores, and 
melanophores (Parichy and Turner, 2003; Maderspacher and 
Nüsslein-Volhard, 2003; Patterson and Parichy, 2013; 
Frohnhofer et al., 2013). Some of the EDCs are known to 
interfere with the pigment formation or with thyroid hormone 
receptors (Waring, 2005).  
 
Zebrafish (Danio rerio) has emerged as model vertebrate in 
ecotoxicological research (Vascotto et al., 1997; Grunwald and 
Eisen, 2002; Rubinstein, 2003; Amsterdam and Hopkins, 
2006). The main benefits of using zebrafish as a model over 
other vertebrate species are their small body size, ease 
husbandry and lowmaintenance cost. Developing embryos of 
zebrafish have been frequently employed in studies to assess 
the impacts of water contaminants on embryogenesis, 
hatching, morphological abnormalities, sex differentiation and 
survival (Gorge and Nagel, 1990; Andersen et al., 2003; Brion 
et al., 2004). The present study focus on the long-term effects 
of low concentrations of ethinylestradiol (EE2), synthetic 
estradiol (diethylstilbestrol), herbicide (atrazine), and 
nonylphenol (bisphenol A) individually and in combinations 
on the morphological (changes in body mass and body length, 
intensity of pigmentation, and other abnormalities) and 
behavioral  (swimming and feeding activity and sensitivity, i.e. 
response to stimuli) of adult zebrafish. Appropriate positive 
controls (estradiol-17 β) and negative controls were used for 
comparison.  
 

MATERIALS AND METHODS 
 

Animals 
 

Adult (body size: 26 ± 5 mm; body mass: 455 ± 102 mg) 
zebrafish (bred and raised in fish farm and experimentally 
naive, wild type) procured from Aquastar, Chennai, were 
acclimated to the laboratory conditions (temperature, 26 ± 1°C 
and photoperiod, 11.30L: 12.30D) for two weeks before use. 
Permission to work on zebrafish was obtained from Animal 
Ethical Committee, CPCSEA, India, under institutional 
registration # 639/GO/02/a/CPCSEA). Food was rationed @ 3 
pellets per fish and pellets that remained unconsumed were 
counted prior to adding the next feed (Rajapurohit and 

Pancharatna, 2007). Fish were maintained in well aerated glass 
aquaria of size (30 × 25 × 25 cm) containing 10 liters of 
conditioned water/exposure medium. Physical parameters such 
as experimental water temperature (24˚C±1˚C), pH (7.0± 0.10) 
and photointensity (478±5 lux) were recorded twice daily (at 
9:00 and 18:00 hours) throughout the experiment. Exposure 
medium was changed on every alternate day and chemicals 
were reapplied (semi-static exposure). The physico-chemical 
parameters like dissolved oxygen (6.8±1 mg/L), BOD (-2.67±1 
mg/L), chloride (98.80±1 mg/L), total alkalinity (273.10±1 
mg/L), total hardness (233.45±1 mg/L) and ammonia 
(0.0173±0.0077 mg/L) were recorded every other day till the 
completion of the experiment to ascertain that the water quality 
used was within the prescribed range defined for the 
maintenance of zebrafish in laboratory (Lawrence, 2007; Reed 
and Jennings, 2010). 
 
Experimental set up 
 
Body weight and body length of each fish were recorded twice, 
once prior to the beginning of the experiment and second, after 
the completion of experiment. 12 groups each containing 
fish(n=12) were exposed to hormones, E2, EE2 and DES(3 
ng/L) and chemicals Atrazine and BPA (3 µg/L), individually 
and in combinations. Medium was changed on every alternate 
day and hormones/chemicals were reapplied. Feeding activity, 
sensitivity, pigmentation and mortality rate were observed 
daily in fishes exposed to treatments and also in controls. The 
total duration of experiment was 75 days and consisted 
following treatment groups. 
 
Individual Chemicals 
 
Group I: (Control) Conditioned water 
Group II:  (Positive controls) 3 ng/L Estradiol (E2) 
Group III: Ethinylestradiol 3 ng/L (EE2) 
Group IV: Diethylstilbestrol 3 ng/L (DES) 
Group V: Atrazine (ATR) 3µg/L 
Group VI:  Bisphenol A (BPA) 3µg/L 
 
Combinations of two chemicals 
 
Group VII: Ethinylestradiol (3ng/L) + Atrazine (3µg/L) 
Group VIII: Ethinylestradiol (3ng/L) + Bisphenol A (3µg/L) 
Group IX: Diethylstilbestrol (3ng/L) + Atrazine (3µg/L) 
Group X: Diethylstilbestrol (3ng/L) + Bisphenol A (3µg/L) 
 
Combination of three chemicals 
 
Group XI: Ethinylestradiol (3ng/L) + Atrazine (3µg/L) 
+Bisphenol A (3µg/L) 
Group XII: Diethylstilbestrol (3ng/L) + Atrazine (3µg/L) 
+Bisphenol A (3µg/L) 
 
Hormones and chemicals 
 

All hormones and chemicals except atrazine were procured 
from Sigma Aldrich, Louis, 
USA. Atrazine was purchased from Vantech Chemicals, 
Hyderabad, India. 
 

Statistics 
 
The data was analyzed using non parametric Kruskal-Wallis 
test. The results were judged significant at 5% level of 
significance (Steel and Torrie, 1980).  
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RESULTS 
 
Controls and positive controls 
 
Body weight and body length of all experimental animals are 
shown in figure 1A. In control group all animals survived until 
the end of the experiment (Fig. 2C). The pattern of feeding, 
degree of sensitivity exhibited and pigmentation intensity are 
shown in Figures 1-3. In estradiol exposed positive controls, 
pigmentation and sensitivity were slightly lower when 
compared to controls (Fig. 2D & E). Feeding rate was 
relatively greater in morning than evening (Fig. 1B), two fishes 
died in this group during experimental period (Fig. 2C). 
 

 
A. Body weight, (mg) x10 and Body length, (mm) of Zebrafish 

 

 
B. Per cent feeding in morning and evening of Zebrafish 

 
Figs. 1A-B. Shows the effects of hormones/chemicals on the body 

weight, body length and Per cent feeding of Zebrafish 
 

Effects of long-term exposure to individual Chemicals  
 
Fish exposed to ethinylestradiol showed body weight and body 
length, feeding behavior and intensity of pigmentation 
comparable to controls (Figs.1-3). Mortality rate was higher 
(n=7) and sensitivity to external stimuli decreased slightly 
(Fig. 2E). In DES exposed fish, body weight, body length, 
sensitivity and mortality rate (n=9) were greater (Figs. 1-2) 
while, feeding rate remained comparable and pigmentation was 
lower over controls (Figs. 1B & 2D). Fish exposed to atrazine 
exhibited body weight and body length comparable to controls 
(Fig. 1A). Mortality (n = 7) was as in EE2 and DES groups but 
was higher compared to controls and positive controls 
(Fig.2C). Fish exhibited diurnal feeding behavior i.e. lower 
feeding rate in morning and increased feeding behavior in the 

evening (Fig. 1B). Pigmentation was intense but sensitivity 
remained comparable to controls (Fig. 3).  

 
C. Per cent Mortality of zebrafish 

 

 
D. Per cent Pigmentation of Zebrafish 

 

 
E. Per cent Sensitivity of Zebrafish. 

 
Figs. 2C-E. Shows the effects of hormones/chemicals on the Per 
cent Mortality, Per cent Pigmentation and Per cent Sensitivity 

 
Exposureof fish to Bisphenol A caused variation in feeding 
pattern as in atrazine exposed group; fish were hypersensitive 
to the stimuli and exhibited low pigmentation when compared 
to controls (Figs. 1B, 2D, E & 3). Mortality rate (n = 7) was 
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comparable to other EEC exposed groups   (Fig.2C). Body 
weight and body length remained comparable to controls (Fig. 
1A).  
 

 
 

A-B. Control group, shows normal distribution of 
chromatophores, (0.7 X and 2 X) 
C-D. Atrazine group, shows increased distribution of 
chromatophores, (0.7 X and 2 X) 
E-F. Bisphenol A group, shows decreased distribution of 
pigmentation, (0.7 X and 2 X) 

 
Figs. 3A-F; Shows pigmentation in Zebrafish exposed to the 
chemicals/hormones 
 
Effects of long-term exposure to combinations of EECs 
 
In fish exposed to ethinylestradiol + atrazine the body weight 
and body length remained comparable to controls (Fig. 
1A).Mortality rate (n = 6) was comparable to other groups 
(Fig. 2C) Feeding rates, sensitivity and pigmentation were 
greater compared to controls (Figs. 1-3).  Exposure to 
ethinylestradiol + bisphenol A also caused an increase in rate 
of mortality and feeding behavior (Figs. 1B &2C) while,body 
weight, body length, pigmentation intensity and sensitivity 
were comparable to controls (Figs.1-3). In fish exposed to 
diethylstilbestrol + atrazine (Group IX) body weight and body 
length remained comparable to controls and other treatment 
groups (Fig. 1A).Mortality rate(n = 6) was as in other groups 
(Fig.2C). Fish exhibited normal feeding behavior in both 
morning and evening regimes (Fig. 1B). Hyperactive 
movements were frequently observed in this group (Fig. 2E). 
Pigmentation was lower when compared to controls (Fig. 2D). 
In fish exposed to diethylstilbestrol + bisphenol A an increase 
in the feeding behavior was noticed (Fig. 1B). Fish exhibited 
hyperactive movements (Fig. 2E). Pigmentation was very low 
compared to controls (Fig. 3). Mortality rate was highest (n = 
11) in this group (Fig. 2C). Body weight and body length did 
not show significant variation compared to controls (Fig. 1A). 
Exposure to ethinylestradiol + atrazine + bisphenol A (Group 
XI) showed increase in the feeding behavior (Fig. 1B). Low 
sensitivity/slower movements (Fig. 2E). Mortality (n=7) was 
comparable to other treatment groups (Fig. 2C). Pigmentation 
was lesser than that of controls (Fig. 3). In fish exposed to 
diethylstilbestrol + atrazine + bisphenol A (Group XII) body 

weight and body length was comparable to other groups (Fig. 
1A). Mortality rate was 80% (Fig.2C). Fish showed normal 
feeding behavior at both morning and evening (Fig. 1B). Less 
sensitivity/ movements were observed in this group (Fig. 2E). 
Pigmentation was higher when compared to controls (Fig. 3).  
 

DISCUSSION 
 
Pollution-induced morphological and behavioral alterations are 
reported in a wide variety of vertebrate species but, the 
mechanisms underlying these behavioral abnormalities are not 
clearly understood (Zala and Penn, 2004). Developmental 
exposure to endocrine disrupting chemicals like xenoestrogens 
are reported to alter neuro-development in fish (Kishida et al., 
2001). Physiological changes such as altered neurotransmitters 
levels or hormones known to modulate behavior (Scott and 
Sloman, 2004; Rademacher et al., 2003). EECs found in the 
environment alter the behavior of vertebrates(Colborn et al., 
1993; Colborn, 1998; Crisp et al., 1998). Behavioral responses 
often occur rapidly after exposure to environmental pollutants 
and represent a sensitive indicator of the influence of 
pollutants on non-target organisms (Gerhardt, 2007). 
Behavioral changes are excellent biomarkers of stress and 
stressors in animals, given that behavior is the physical 
manifestation of the animal’s internal neuronal, metabolic, and 
endocrine processes, and at the same time the integrated 
physiological response to its environment (Clotfelter et al. 
2004). 
 
In the present study when fish were exposed to same 
chemicals, individually and in combinations the effects 
manifested were at different levels both morphologically and 
physiologically that depicted in the behavioral pattern of 
exposed fish. Feeding behavior was chosen because previous 
studies demonstrated that changes in feeding behavior were 
related to neurotoxin exposure and neurotransmitter 
concentrations (Gaworecki et al., 2009). The changes in 
feeding pattern was observed in the present study, in all groups 
either it was more in day and less evening or viva-versa.  For 
instance, in the group exposed to ATR individually, feeding 
was reduced in the morning and was normal in the evening 
while ATR when exposed in combination with EE2 the 
feeding rate was accelerated. EE2 exposed to three spine 
stickleback (Gasterosteusaculeatus) induced hyper active 
feeding behavior (Bell, 2004). 
 
Exposure to chemicals although for a long-term did not alter 
body mass and body size significantly (Fig. 1A) The intensity 
of pigmentation was altered in experimental fish especially in 
ATR exposed fish that developed darker and concentrated 
parallel lines throughout the length of the fish, while it was 
lesser than controls in BPA exposed fish (Fig. 3).  Further the 
effects of ATR remained common when it was treated in 
combination with other chemicals suggesting that ATR may 
have induced hyper-pigmentation. Although the mechanism 
underlying in stimulating hyper-pigmentation by ATR remains 
unknown, oxidation of tyrosine to melanin is the basis for 
pigmentation and chemicals that mimic agonistic or 
antagonistic to tyrosine seem to affect pigmentation pattern 
(Waring and Haris, 2005). Some xenoestrogens/EECs could 
also interact with the thyroid, as there is cross-talk between the 
estrogen and thyroid receptors (Waring and Haris, 2005). 
Interestingly, bisphenol A and triiodothyronine are found to be 
unexpected resemblance in their chemical structure (Harvey & 
Williams, 2002). Further, plasticizers such as nonylphenol, 
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bisphenol-A and butylbenzylphthalate are able to disrupt 
thyroxine binding to the transport protein transthyretin. The 
fish exposed to chemicals exhibited hypersensitivity in the 
present study, especially those exposed to combination of two 
chemicals compared to controls. Earlier studies also report that 
many organic pesticides, pyrethroids, xenoestrogens and 
aquatic chemical contaminants are known to modulate the 
sensitivity acting on nervous system either being axonic 
poisons or impairing voltage-gated sodium (Na)channel by 
binding to the regulatory proteins or inhibiting activity of 
acetylcholinesterase (AChE) or ATP release (Rao et al., 2005). 
If individuals and populations are exposed to an EDC, it is 
likely that other environmental pollutants are involved because 
contamination of environments is rarely due to a single 
compound. Furthermore, effects of different classes of EECs 
may be additive or even synergistic (Crews et al., 2003) 
 
In conclusion, the present study records an interesting 
observation that the effects of EEC may vary individually and 
in combination with other EEC which potentiate the effects of 
one another which is very relevant in understanding the effects 
of water pollutants on non-target species in natural ponds 
which might have been contaminated with different chemicals 
from diverse sources. 
 
Acknowledgements 
 
This work is supported by Grant No. F40-373/2011 (SR) 
sanctioned to KP from UGC, New Delhi, India. The work is 
partially supported by UGC-SAP-DSA-I F.4-18/2015/DSA-I 
(SAP-II) sanctioned to Dept. of Zoology, KUD. First author 
gratefully acknowledges grant of BSR-RFSMS Fellowship 
UGC, New-Delhi. No conflict of interest. 
 

REFERENCES 
 
Amsterdam A, Hopkins N. 2006. Mutagenesis strategies in 

zebrafish for identifying genesinvolved in development and 
disease. Trends in Genetics 22: 473-478. 

Andersen L, Holbech H, Gessbo A, Norrgren L, Petersen GI. 
2003. Effects of exposure to17alpha-ethinylestradiol during 
early development on sexual differentiation and induction
of vitellogenin in zebrafish (Danio rerio). Comp 
Biochem134: 365-374. 

Bell AM. 2004. An endocrine disrupter increases growth and 
risky behavior in three spinedstickleback 
(Gasterosteusaculeatus). HormBehav 45(2): 108-114. 

Brion F, Tyler CR, Palazzi X, Laillet B, Porcher JM, Garric J, 
Flammarion P. 2004. Impacts of 17beta-estradiol, including 
environmentally relevant concentrations, onreproduction 
after exposure during embryo larval-juvenile- and adult-life 
stages in zebrafish (Danio rerio). AquaToxic 68: 193-217. 

Clotfelter ED, Bell AM, LeveringKR.2004. The role of animal 
behaviour in the study of endocrine disrupting chemicals. 
AnimBehav.68:665-676. 

Colborn T. 1998. Endocrine disruption from environmental 
toxicants. In: Environmental and occupational medicine (Ed 
by W.N. Rom) pp. 807-816. Philadelphia, Pennsylvania:
Lippincott-Raven. 

Colborn T, vom Saal FS, Soto AM. 1993. Developmental 
effects of endocrine-disruptingchemicals in wildlife and 
humans. Environ Health Perspect 101(5):378-384. 

Crews D, Putz O, Thomas P, Hayes T, HowdeshellK. 2003. 
Animal models for the study ofthe effects of mixtures, low 
doses, and the embryonic environment on the action of

endocrine disrupting chemicals. Pureand Applied 
Chemistry, SCOPE/IUPAC ProjectImplications of 
Endocrine Active Substances for Humans and Wildlife 
75:2305–2320 

Crisp TM, Clegg ED, Cooper RL, Wood WP, Anderson DG, 
Baetcke KP, Hoffmann JL,Morrown MS, Rodier DJ, 
Schaffer JE, Touart LW, Zeeman MG, Patel YM. 1998.
Environmental endocrine disruption: An effects assessment 
and analysis.  EnvironHealthPerspect, 106:11-56. 

Desbrow C, Routledge EJ, Brighty GC, Sumpter JP, Waldock 
M. 1998. Identification of estrogenic chemicals in STW 
effluent. 1. Chemical fractionation and in vitrobiological 
screening, Environ SciTechnol., 32(11):1549-1558. 

Frohnhofer HG, Krauss J, Maischein HM, Nüsslein-Volhard 
C. 2013. Iridophores and theirinteractions with other 
chromatophores are required for stripe formation in 
zebrafish.  Development, 140:2997-3007. 

Gaworecki KM, Roberts AP, Ellis N, Sowers AD, Klaine SJ. 
2009. Biochemical and behavioraleffects of 
diazinonexposure in hybrid striped bass. Environ Toxicol 
and Chem., 28 (1):105 -112. 

Gerhardt A. 2007. Aquatic behavioral ecotoxicology-prospects 
and limitations. Hum Ecol Risk Assess. 13: 481-491. 

Gorge G, Nagel R. 1990. Toxicity of lindane,                          
atrazine, and deltamethrin to early life stagesof zebrafish 
(Brachydaniorerio). Ecotoxicol Environ Saf., 20:246–255. 

Grunwald DJ and Eisen JS. 2002. Headwaters of the zebrafish- 
emergence of a new modelvertebrate. Nature Rev Genet., 
3:717-724. 

Harvey CB, Williams GR. 2002. Mechanism of thyroid 
hormone action. Thyroid., 12:441-446. 

Kishida M, McLellan M, Miranda JA, Callard GV. 2001. 
Estrogen and xenoestrogens upregulate the brain aromatase 
isoform (P450aromB) and perturb markers of early
development in zebrafish (Danio rerio). Comp Biochem  
Physiol Part B: Comparative Biochemistry, 129:261-268. 

Lawrence C. 2007. The husbandry of zebrafish (Danio rerio): 
A review. Aquaculture, 269:1-20. 

Larsson DGJ, Adolfsson-Erici M, Parkkonen J, Pettersson M, 
Berg H, Olsson PE. 1999.Ethinylestradiol-an undesired fish 
contraceptive? AquaTox., 233: 123–129. 

Maderspacher F, Nüsslein-Volhard C. 2003. Formation of the 
adult pigment pattern in zebrafish requires leopard and 
obelix dependent cell interactions. Development, 130:3447 

Orn S, Holbech H, Madsen TH, Norrgren L, Petersen GI. 
2003. Gonad development and vitellogenin production in 
zebrafish (Danio rerio) exposed to ethinylestradiol and 
methyltestosterone. AquaTox., 65:397-411. 

Parichy DM, Turner JM. 2003.Temporal and cellular 
requirements for Fms signaling during zebrafish adult 
pigment pattern development. Development., 130(5):817-
33. 

Patterson LB, Parichy DM. 2013. Interactions with iridophores 
and the tissue environmentrequired for patterning 
melanophores and xanthophores during zebrafish adult 
pigmentstripe formation. PLOSGenetics., 9(5):1-14. 

Rademacher DJ, Steinpreis RE, Weber DN. 2003. Effects of 
dietary lead and/ordimercaptosuccinic acid exposure on 
regional serotonin and serotonin metabolite contentin 
rainbow trout Oncorhynchus mykiss. Neurosci Lett., 
339:156-160. 

Rajapurohit SV, Katti P. 2007. Development and hatching 
success of  Zebrafish (Danio rerio) under laboratory 
conditions. J AdvZool., 28(1):21-25. 

53446                                        International Journal of Current Research, Vol. 9, Issue, 07, pp.53442-53447, July, 2017 

 



Rao JV, Begum G, Pallela R, Usman1 PK, Rao NR.                      
2005. Changes in Behavior and Brain  Acetylcholinesterase 
Activity inMosquito Fish, Gambusiaaffinisin Response to 
the Sub Lethal Exposure to Chlorpyrifos. Int J Environ Res 
Public Health, 2(3):478-483. 

Reed B, Jennings M. 2010. Guidance on the housing and care 
of  Zebrafish Danio rerio.Research Animals Department, 
Science Group, RSPCA. 

Roy D, Cai Q. 2002. Estrogen, immunoactivation, gene 
damages and development of breast,endometrial, ovarian, 
prostate and testicular cancers. Recent Advances in Steroid
Biochemistry and Molecular Biology, 3:1-32. 

Rubinstein AL. 2003. Zebrafish: from disease modelling to 
drug discovery. CurrOpin DrugDiscovDevel6:218-223. 

Sassi-Messai S, Gibert Y, Bernard L, Nishio SI, FerriLagneau 
KF,Molina J, Andersson-LendahlM, Benoit G, Balaguer P 
and Laudet V. 2009. The Phytoestrogen Genistein Affects
Zebrafish Development through Two Different Pathways. 
PLoSONE, 4(3):1-13. 

Scott GR and Sloman KA. 2004. The effects                             
of  environmental pollutants  on  complex  fish  behaviour: 
integrating behavioural and physiological indicators of 
toxicity. AquaToxic ., 68:69-392.   

Steel RD, Torrie JH. 1980. Principles and Procedures of 
Statistics. McGraw-Hill Inc, New York. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tyler CR, Jobling S, Sumpter JP. 1998. Endocrine disruption 
in wildlife: a critical reviewof the evidence. Crit Rev 
Toxicol28 (4):319-361. 

Vascotto SG, Beckham Y, Kelly GM. 1997. The zebrafish's 
swim to fame as an experimentalmodel in biology. Biochem  
Cell Biol., 75:479-485. 

Volkoff H,Peter RE.2006. Feeding behavior of fish and its 
control. Zebrafish3(2):131-140.  

Vos JG, Dybing E, Greim HA, Ladefoged O, Lambre C, 
Tarazona JV, Brandt I, Vethaaak DA. 2000. Health effects 
of endocrine- disrupting chemicals on wildlife, with special
reference to the European situation. Crit Rev Toxicol., 30 
(1):71-133. 

Waring RH, Harris RM. 2005. Endocrine disrupters: A human 
risk? MolCellEndocrinol., 244:2-9. 

Yin GG, Kookana RS, Ru YJ. 2002. Occurrence and fate of 
hormone steroids in theenvironment. EnvironInt., 28(6): 
545- 551. 

Zala SM, Penn DJ. 2004. Abnormal behaviours induced by 
chemical pollution: a review of theevidence and new 
challenges. AnimBehav., 68:649-664. 

 

 

53447                Basavaraj B. Goundadkar and Katti Pancharatna, Evaluation of morphological and behavioral variations induced in adult Zebrafish 
(Danio rerio) on long-term exposure to environmental estrogenic chemicals (Individually and in combinations) 

******* 


